
Bailey KL, et al. J Investig Med 2020;68:856–863. doi:10.1136/jim-2019-001183856

Original research

Procalcitonin predicts the severity of cystic 
fibrosis pulmonary exacerbations and 
readmissions in adult patients: a prospective 
cohort study
Kristina L Bailey    ,1,2 Peter J Murphy,2 Olena K Lineberry,2 Matthew R Haack,2 
John D Dickinson,2 Andre C Kalil3

To cite: Bailey KL, 
Murphy PJ, Lineberry OK, 
et al. J Investig Med 
2020;68:856–863.

1Research Service, VA 
Nebraska- Western Iowa 
Health Care System, Omaha, 
Nebraska, USA
2Int Med- Pulmonary, 
University of Nebraska 
Medical Center, Omaha, 
Nebraska, USA
3Int Med- Infectious Disease, 
University of Nebraska 
Medical Center, Omaha, 
Nebraska, USA

Correspondence to
Dr Kristina L Bailey, Research 
Service, VA Nebraska- 
Western Iowa Health Care 
System, Omaha, NE 68105-
1850, USA;  
 kbailey@ unmc. edu

Accepted 7 December 2019
Published Online First 
21 January 2020

© American Federation for 
Medical Research 2020. 
No commercial re- use. See 
rights and permissions. 
Published by BMJ.

Significance of this study

What is already known about this subject?
 ► Patients with cystic fibrosis (CF) have 
periodic exacerbations.

 ► Some, but not all, of these exacerbations 
are caused by bacteria.

 ► There is a need for a biomarker to help 
define exacerbations and guide treatment.

What are the new findings?
 ► Detectable levels of procalcitonin (PCT), 
a precursor to the hormone calcitonin, 
are associated with more severe CF 
pulmonary exacerbation, as measured 
by both a significant decrease in forced 
expiratory volume in 1 second and increase 
in readmissions, as well as by a C- reactive 
protein increase.

 ► An increase in PCT during treatment was 
associated with worsened outcomes.

How might these results change the focus 
of research or clinical practice?

 ► Further research is needed to determine 
whether PCT is a useful biomarker in adult 
CF exacerbations.

AbSTrACT
Patients with cystic fibrosis (CF) experience multiple 
pulmonary exacerbations throughout their lifetime, 
resulting in repeated antibiotic exposure and hospital 
admissions. Reliable diagnostic markers to guide 
antibiotic treatment in patients with CF, however, are 
lacking. Given that the CF airway is characterized 
by persistent and frequent bacterial infection, our 
goal was to determine if procalcitonin (PCT) could 
be used as a severity and prognostic marker of CF 
exacerbation. We enrolled 40 participants at the time 
of diagnosis of CF pulmonary exacerbation. Inclusion 
criteria: age ≥19 years with exacerbation requiring 
antibiotics as determined by the treating physician. 
Exclusion criteria: antibiotics initiated more than 
48 hours prior to enrollment, and pregnancy. Blood 
samples were collected on enrollment day and after 
7–10 days of treatment. Of the 40 patients enrolled, 
23 (57.5%) had detectable levels of PCT (≥0.05 ng/
mL). PCT levels were significantly associated with 
pulmonary exacerbation scores (p=0.01) and per 
cent decrease in forced expiratory volume in 1 
second (FEV1) (p=0.01) compared with the best in 
the last 12 months. Those who had worsening PCT 
during treatment had less improvement in FEV1 
(p=0.001) and were more likely to be readmitted 
to the hospital sooner (p<0.0001). Likewise, those 
who had a detectable PCT at the time of admission 
were more likely to be readmitted sooner (p=0.03). 
PCT elevation during antibiotic treatment is 
associated with less improvement in FEV1 and earlier 
readmission. A detectable PCT level occurs only in 
more severe CF exacerbations. Multicenter trials are 
needed to confirm whether PCT may play a role in 
the clinical care of patients with CF.

InTrOduCTIOn
Patients with cystic fibrosis (CF) have periodic 
flare- ups or exacerbations of their chronic lung 
disease that are called CF pulmonary exacerba-
tions. CF pulmonary exacerbations are associ-
ated with increased morbidity and mortality.1 
Those with more than 2 exacerbations/year 
have an increased risk of loss of lung func-
tion and death, or lung transplant.2 Despite 

the importance of pulmonary exacerbations in 
the clinical course of CF, pulmonary exacerba-
tions remain poorly defined in the literature. 
Most clinicians use a combination of clinical 
signs and symptoms along with spirometry and 
imaging to define exacerbations, however, there 
is not consensus between clinicians.3 4 Because 
of this lack of consensus, many have tried to 
define biomarkers of CF pulmonary exacer-
bations, but have been largely unsuccessful.5 
One of the most studied biomarkers for CF 
pulmonary exacerbation is C- reactive protein 
(CRP). CRP is an acute phase reactant that is 
increased during CF pulmonary exacerbations, 
and decreased with antibiotic treatment.6 7 The 
CRP response, however, can be altered by treat-
ment with steroids8 or chronic azithromycin,9 
limiting its clinical utility. New biomarkers 
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Table 1 All participants

n %

Inpatient 37 92.5

Outpatient 3 7.5

Enrolled twice 7 17.5

Male 23 57.5

Female 17 42.5

Caucasian 40 100

Sputum culture positive for at least 1 strain of 
pseudomonas at admission

39 97.5

On oral steroids during admission 5 12.5

On chronic azithromycin 37 92.5

Antibiotics prescribed during the admission* 40 100

  Tobramycin 24 60

  Piperacillin/tazobactam 17 42

  Vancomycin 13 32.5

  Meropenem 11 27.5

  Colistin 9 22.5

  Cefepime 6 15

  Aztreonam 6 15

  Linezolid 4 10

  Ciprofloxacin 4 10

  Trimethoprim/sulfamethoxazole 1 2.5

 Mean±Sd

Age (y) 29.3±8.6

BMI 21.6±3.4

FEV1 at admission (% predicted) 47.2±20.2

FEV1 at discharge (% predicted) 56.5±23.2

Best FEV1 in the last 12 mo (L) 2.40±1.09

Decline in FEV1 from the best in the last 12 mo (L) 0.67±0.43

C- reactive protein (CRP) (mg/L) 4.0±3.8

White cell count (×109/L) 11.89±5.10

Serum procalcitonin (ng/mL) at admission 0.11±0.21

*All patients were on 2 or more antibiotics.
BMI, body mass index; FEV1, forced expiratory volume in 1 second.

Figure 1 Serum procalcitonin at the time of admission for 
cystic fibrosis (CF) pulmonary exacerbation correlates with C- 
reactive protein (CRP). Serum procalcitonin (ng/mL) and CRP levels 
(mg/L) were drawn at the time of admission for CF pulmonary 
exacerbation (n=40). There was a significant correlation between 
increasing CRP levels and increasing serum procalcitonin 
(p=0.0002).

are necessary to help guide diagnosis and treatment of CF 
pulmonary exacerbations.

Procalcitonin (PCT) is a precursor to the hormone calci-
tonin. In healthy adults, PCT is primarily made by the 
thyroid. In the presence of infection, other organs such 
as the lungs can produce PCT. This leads to an increase in 
PCT during invasive bacterial infections such as sepsis10 
and pneumonia.11 Because CF exacerbations often do not 
induce invasive bacterial infections, it is not clear whether 
PCT would be a helpful biomarker. It is clear that antibi-
otics are an effective treatment for CF exacerbations, and 
that changes in airway microbes occur during CF exacerba-
tions.12–15 The optimal duration of intravenous antibiotics 
for CF pulmonary exacerbations is not known, but is a 
subject of current investigation. PCT also has been used as a 
biomarker to determine when to stop antibiotics.16

We hypothesized that PCT may be a useful biomarker in 
CF exacerbations to help stratify the severity of the exacer-
bation. To address this hypothesis, we measured serum PCT 
at the onset of CF exacerbation for 40 exacerbations.

MeTHOdS
 recruitment of participants, inclusion and exclusion 
criteria
Participants were recruited prospectively between January 
2012 and November 2013. Participants were followed for 
readmission until 2016. Individuals were eligible to partici-
pate if they were 19 years of age or older and were treated 
with intravenous antibiotics for a CF pulmonary exacerba-
tion. The determination of the presence of exacerbation 
was determined by the clinician caring for the patient. In 
general, patients were diagnosed with an exacerbation if 
there was a significant decrease in their forced expiratory 
volume in 1 second (FEV1) (≥10%), an increase in short-
ness of breath, new or increased cough, decreased exercise 
tolerance, or change in sputum appearance. Treatment of 
the exacerbation was based solely on the discretion of the 
physician caring for the patient. These decisions were made 
by 2 physicians and were consistent through the course of 
the study. Participants were eligible for repeat enrollment 
if they had a second exacerbation during the study period. 
Subjects were excluded if they were pregnant, had antibiotic 
exposure (other than chronic azithromycin) in the 48 hours 
prior to enrollment or had a known infection of a non- lung 
site. If there was any possibility of pregnancy, a pregnancy 
test was performed prior to enrollment or antibiotic treat-
ment. Pregnant patients were excluded because PCT is 
elevated during pregnancy.17

 PCT measurements
For patients hospitalized for their exacerbation, blood was 
drawn for PCT measurement at the time of admission. For 
those who were treated as outpatients, blood was drawn at 
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Figure 3 Higher procalcitonin (PCT) correlated with higher 
exacerbation scores. At the time of admission, we calculated a 
pulmonary exacerbation score (PES). The PES is a 14- element 
scoring system used at Akron Children’s Hospital that consists of 
systemic and pulmonary signs and symptoms in conjunction with 
objective measurements of forced expiratory volume in 1 second 
(FEV1), imaging and oxygen saturation. Higher scores indicate 
more severe exacerbations. PCT was statistically significantly 
higher in those with higher PES scores (n=40, p=0.01).

Figure 2 Participants with a detectable procalcitonin (PCT) 
level (≥0.05 ng/mL) had higher C- reactive protein (CRP) levels. 
Participants with a detectable PCT (≥0.05 ng/mL) (n=23) measured 
at the time of admission had a 4.1- fold higher CRP level compared 
with those who had undetectable PCT levels (n=17). The mean is 
graphed with the SEM.

the time of diagnosis of the exacerbation. In a small subseg-
ment of the population (n=23), a follow- up PCT level was 
drawn 7–10 days after treatment. The PCT levels were run 
in batches, and were not available to the treating physicians 
to make clinical decisions.

To measure PCT levels, serum was separated from whole 
blood using centrifugation. A commercially available sand-
wich ELISA was used to measure PCT following the manu-
facturer’s directions (Vidas BRAHMS PCT). Briefly, 200 μL 
of plasma was analyzed by the automated Vidas machine, 
which made measurements by the enzyme- dependent fluo-
rescence method, and reported PCT levels ranging from 
0.05 to 200 ng/mL. All samples with undetectable levels 
were recorded as 0.04 ng/mL.

 Spirometry
Spirometry was performed at the time of admission and at 
the time of discharge. For those receiving outpatient intra-
venous antibiotics, spirometry was performed at the time 
of enrollment. Spirometry was performed in accordance to 
the American Thoracic Society guidelines.18 The National 
Health and Nutrition Examination Survey data set was 
used to determine the per cent predicted FEV1 and forced 
vital capacity (FVC) based on age, height and weight.19 
Per cent decrease in FEV1 was calculated by subtracting 

the admission FEV1(L) from the ‘best’ FEV1 (L) in the last 
12 months and dividing by the ‘best’ FEV1 in the last 12 
months. The per cent improvement in FEV1 was calculated 
by subtracting the admission FEV1 (L) from the discharge 
FEV1 (L) and dividing by the discharge FEV1.

 CF pulmonary exacerbation score
The severity of the CF exacerbation was estimated using 
the Akron Children’s Hospital Pulmonary Exacerbation 
Score (PES).20 This score assesses the following parameters: 
presence of fever, malaise, decrease in appetite, increased 
cough, sputum, dyspnea, chest exam, FEV1, and new chest 
X- ray findings. A higher score indicates a more severe exac-
erbation. Scores range from 0 to 15. This score was calcu-
lated by the admitting physician.

 data collection
We collected clinical data from the medical record, and 
an existing CF clinical database maintained by the CF 
center. We recorded the subject’s ‘best’ FEV1 and FVC in 
the year leading up to the admission. CRP levels and white 
cell counts were routinely collected at the time of admis-
sion and run by the clinical lab. Study data were collected 
and managed using Research Electronic Data Capture 
(REDCap) tools hosted at the University of Nebraska 
Medical Center (UNMC). REDCap is a secure, web- based 
application designed to support data capture for research 
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studies. REDCap at UNMC is supported by the Research 
IT Office funded by the Vice Chancellor for Research and 
receives partial support from the Great Plains IDeA- CTR 
grant.

 Statistical analysis
The statistical analysis and graphing were performed using 
Prism V.8 (GraphPad Prism software, La Jolla, CA). Two- 
way analysis of variance or unpaired t- tests were used for 
categorical data as appropriate. For continuous data, simple 
linear regression was used. Kaplan- Meier survival curves 
were compared using the log- rank (Mantel- Cox) test. A p 
value ≤0.05 was considered statistically significant.

reSulTS
 Characteristics of the participants
Forty- three patients were approached about enrollment 
and 40 (93%) were enrolled. The characteristics of these 
subjects are summarized in table 1. Most enrolled patients 
were hospitalized for their exacerbations (92.5%), while 3 
(7.5%) were treated with intravenous antibiotics at home. 
Their average age was 29.3±8.6 years, and 57.5% were 
male. Of the 40 patients enrolled, 23 (57%) had a detect-
able PCT level (0.05 ng/mL or greater). In 14 subjects, 
testing for respiratory viruses was performed. Of these, 
only 2 were positive, both for human rhinovirus, and both 
had undetectable PCT levels. Blood cultures were drawn in 
12 subjects (29.3%) and all cultures were negative.

Of the 36 patients who had chest roentgenograms at 
the time of admission, 7 (19%) had new changes, which 
consisted of increased mucus plugging or new infiltrates. 
None of these were thought to be due to pneumonia. There 
were no differences in PCT levels between those with and 
without new chest imaging findings. The average PCT in 
those without new imaging changes was 0.11±0.23 (n=29), 
those with new imaging changes had a PCT of 0.10±0.05 
(n=7, p=0.87). Only 1 subject (2.5%) was febrile at the 
time of admission. This subject had an elevated PCT of 
1.31, white cell count of 7.8×109/L, and negative blood 
cultures. No cause for the fever besides severe CF pulmo-
nary exacerbation was found. All participants had white cell 
counts performed at the time of admission. There was no 
correlation between white cell count and PCT level (n=40, 
p=0.51). There was also no correlation between body mass 
index (BMI) and PCT level (n=40, p=0.69).

 PCT correlates with CrP levels
We measured CRP at the time of enrollment in 38 of the 
40 participants. CRP is a marker of systemic inflamma-
tion, which has previously been shown to be increased in 
CF pulmonary exacerbations.21 We compared CRP to PCT 
levels at the time of enrollment and found a significant 
linear correlation (p=0.002) (figure 1). Likewise, when 
we analyzed only the participants who had detectable PCT 
levels (n=23), this linear correlation remained statistically 
significant (p=0.01). We also found that participants with 
detectable PCT (≥0.05 ng/mL) (n=23) had a statistically 
significantly higher CRP than those with an undetectable 
(<0.05) PCT (n=15) (p=0.0007). Those with undetect-
able PCT had a mean CRP of 1.5±1.19, while those with a 

detectable PCT had a mean CRP of 6.11±4.72 (p=0.0007) 
(figure 2).

PCT is higher in those with elevated PeS
A PES was calculated based on the Akron Children’s 
Hospital score. In this system, a higher PES score correlates 
with a more severe exacerbation.20 There was a statis-
tically significant increase in PES with increasing PCT at 
admission (n=40) (p=0.01) (figure 3). Likewise, when we 
analyzed only the participants who had detectable PCT 
levels (n=24), this linear correlation remained statistically 
significant (p=0.02).

 Participants with larger decreases in FeV1 had higher PCT 
levels
All participants had spirometry performed at the time of 
admission. We compared their FEV1 at the time of admis-
sion to their highest FEV1 in the past 12 months, and calcu-
lated the per cent decrease in FEV1. The per cent changes 
ranged from 0% to 60% decline. We compared those 
with a 0%–29% decline in FEV1 (n=23) to those with a 
30%–60% decline in FEV1 (n=17). We found that those 
with a 0%–29% change had a significantly lower mean PCT 
of 0.06±0.007, while those with a 30%–60% decline had a 
mean PCT of 0.19±0.07 (p=0.01) (figure 4).

PCT had variable changes after treatment
In a subset of participants (n=23) we recorded a PCT level 
at admission as well as after 7–10 days of treatment with 
intravenous antibiotics. Most PCT levels decreased or did 
not change with treatment (73.9%, n=17), however, 6 
participants (26%) had an increase in PCT after treatment 
(figure 5). There is no statistically significant difference 
between the day 0 and day 7–10 PCT (p=0.25).

Those with an increase in PCT after treatment had less 
improvement in their FeV1
A small number of patients (n=6) had an increase in PCT 
after treatment. The demographics of these patients are 
included in table 2. In general, their characteristics were 
very similar to the demographics of the patients who had 
no change or a decrease in their PCT over time. Notable 
differences include that 100% of the participants who 
had increasing PCT after treatment had detectable PCT 
at admission, compared with 35% of those who had no 
change or a decrease in PCT. Also of interest, those who had 
an increase in their PCT after treatment had higher CRP 
at admission 7.90±4.2 mg/L vs 3.25±3.5 mg/L (p=0.02) in 
those who had stable or decreasing PCT with treatment. 
Antibiotics used were also very similar, with the exception 
of an increase in meropenem use in the increasing PCT 
group (p=0.05).

We compared those who had an increase in PCT after 
treatment with those who had a decrease or no change in 
PCT. Those who had no change or a decrease in PCT had 
a 27.9% improvement in FEV1 whereas those who had an 
increase in PCT had only a 4.9% improvement in FEV1, 
with 2 participants having a worsening of FEV1 after treat-
ment (p=0.001) (figure 6).
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Table 2 Participants who had no change in PCT (n=17) 
compared with those with increasing PCT (n=6)

no change or 
decreasing PCT
(n=17)

Increasing 
PCT
(n=6) P value

Inpatient 17 (100%) 6 (100%) 1.0

Outpatient 0 (0%) 0 (0%) 1.0

Male 10 (59%) 3 (50%) 1.0

Female 7 (41%) 3 (50%) 1.0

Caucasian 17 (100%) 6 (100%) 1.0

Sputum culture positive for at 
least 1 strain of pseudomonas at 
admission

17 (100%) 6 (100%) 1.0

On oral steroids during admission 1 (5.9%) 2 (33.3%) 0.23

On chronic azithromycin 16 (94%) 5 (83%) 0.46

Antibiotics prescribed during the 
admission

17 (100%) 6 (100%) 1.0

  Tobramycin 10 (58.8%) 4 (66.6%) 1.0

  Piperacillin/tazobactam 11 (64.7%) 1 (16.6%) 0.06

  Vancomycin 4 (23.5%) 3 (50%) 0.66

  Meropenem 3 (17.6%) 4 (66%) 0.05

  Colistin 4 (23.5%) 2 (33%) 0.63

  Cefepime 3 (17.6%) 0 (0%) 0.53

  Aztreonam 0 (0%) 1 (16.6%) 0.26

  Linezolid 1 (5.8%) 0 (0%) 1.0

  Ciprofloxacin 1 (5.8%) 0 (0%) 1.0

  Trimethoprim/sulfamethoxazole 1 (5.8%) 0 (0%) 1.0

 Mean±Sd Mean±Sd P value

Age (y) 27.0±5.1 30±9.0 0.07

BMI 20.38±1.84 20.5±1.65 0.88

FEV1 at admission (% predicted) 48.94±25.1 38.15±11.3 0.32

C- reactive protein (CRP) (mg/L) 3.25±3.5 7.90±4.2 0.02

White cell count (×109/L) 13.21±6.62 12.43±4.2 0.79

Serum procalcitonin (ng/mL) at 
admission

0.07±0.05 0.09±0.04 0.25

*All patients were on 2 or more antibiotics.
Bolded values are statistically significant.
BMI, body mass index; FEV1, forced expiratory volume in 1 second; PCT, 
procalcitonin.

Figure 4 Those with a greater percentage decrease in forced 
expiratory volume in 1 second (FEV1) had higher procalcitonin 
levels. We divided patients into 2 groups. One that had a 
0%–29% decrease in their FEV1 at the time of admission for 
exacerbation and those that had a 30%–60% decrease in FEV1. 
The participants with the larger % decrease in FEV1 had higher 
procalcitonin levels. PCT, procalcitonin.

Those with an increase in PCT after treatment or a 
detectable PCT at admission were readmitted sooner
We followed participants for 2 years to determine the time 
of their next admission for a pulmonary exacerbation. In 
those who had an increase in PCT after treatment (n=6), 
the median time to admission was 57.5 days with all partici-
pants being readmitted within 100 days. In those who had a 
PCT that decreased or stayed the same (n=17), the median 
time to readmission was 175.5 days (figure 7). These differ-
ences were statistically significant (p<0.0001). Given the 
interesting data that an increase in PCT after treatment 
predicted an earlier readmission, we examined whether a 
detectable PCT (≥0.05 ng/mL) at admission predicts days to 
readmission (figure 8). Of the 40 participants, 23 had unde-
tectable PCT at admission and 17 had a detectable PCT. 
The median time to readmission in the undetectable PCT 
group was 210 days, while in the detectable PCT group 
the median time to readmission was 84 days, a statistically 
significant difference (p=0.03). We also analyzed whether 

CRP level at admission was associated with readmission 
time (figure 9). There was a trend towards elevated CRP 
correlating with earlier readmission, however, this was not 
statistically significant (p=0.053).

dISCuSSIOn
In this study, we demonstrated that detectable levels of PCT 
are associated with more severe CF pulmonary exacerba-
tion, as measured by decrease in FEV1 and increase in read-
missions. In addition, an increase in PCT during antibiotic 
treatment was associated with worsened outcomes.

Previous publications have measured PCT in patients with 
CF. For instance, in children with CF, PCT is not elevated at 
baseline or with exacerbation. Louw et al measured PCT in 
92 children at baseline, and measured no elevation in PCT 
at baseline. They also measured PCT at the time of admis-
sion for 33 CF exacerbations and found no elevation in 
PCT.22 In adult patients with CF, Loh et al showed that PCT 
is not elevated in CF exacerbations in a cohort of 17 adult 
patients.23 In our study, PCT was detectable in roughly half 
of the CF exacerbations. Importantly, these were the more 
severe CF pulmonary exacerbations.

In contrast to the studies performed in children, our 
adult cohort had moderately severe CF lung disease, with 
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Figure 7 Participants with an increase in procalcitonin (PCT) 
after treatment were readmitted. All of the patients who had 
an increase in their PCT after treatment were readmitted within 
100 d of discharge. Those with PCT that was decreased or 
unchanged had a significantly longer period of time to readmission 
(p<0.0001).

Figure 5 Procalcitonin varies after treatment for cystic fibrosis 
(CF) exacerbation. A subset of participants (n=23) had a follow- 
up procalcitonin level 7–10 d after treatment with antibiotics. 
Most had a decrease or no change in the procalcitonin (PCT) after 
treatment (n=17), while 6 participants had an increase in their PCT 
after treatment. There was no statistical difference between the 
PCT before and after treatment (p=0.25).

Figure 6 Participants with an increase in procalcitonin after 
treatment for an exacerbation had less improvement in their % 
forced expiratory volume in 1 second (FEV1). The participants who 
had a decrease or no change in their procalcitonin (PCT) (n=17) 
after treatment had a better improvement in their FEV1 after 
treatment compared with those who had an increase in their PCT 
(n=6) (p=0.001).

low BMI (mean 21.6), low FEV1 at admission (47.2% 
predicted) and nearly universal sputum cultures positive for 
pseudomonas (97.5%). In this population, we found that 
even small elevations in PCT may be important clinically 
in CF. In fact, having a PCT that is detectable (≥0.05 ng/
mL), much lower than the 0.25 ng/mL cut- off for invasive 
bacterial infection, seemed to have clinical significance. For 
instance, patients with a detectable PCT (≥0.05 ng/mL) 
predicted higher levels of systemic inflammation such as 
CRP (figure 2). Participants who had a detectable PCT at 
the beginning of an exacerbation were more likely to be 
readmitted sooner for a respiratory exacerbation (figure 8). 
In addition, the trajectory of the PCT level during the 
exacerbation was important. If PCT increased during the 
exacerbation, participants had very little improvement in 
FEV1 (figure 6), and were likely to be readmitted sooner 
(figure 7). Those who had more severe exacerbations were 
more likely to have higher PCT levels. For instance, PCT 
levels correlated with PES (figure 3), CRP levels (table 1) 
and larger decreases in per cent FEV1 (figure 4). A similar 
prognostic value of PCT has also been seen in patients with 
community- acquired pneumonia presenting to the emer-
gency room. In a recent meta- analysis of 14 trials including 
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Figure 8 Procalcitonin (PCT) at the time of admission may 
predict an earlier readmission. Participants with a detectable 
PCT (≥0.05 ng/mL) at the time of admission were readmitted 
sooner than those with undetectable PCT (<0.05 ng/mL). This was 
statistically significant with p=0.03.

Figure 9 C- reactive protein (CRP) at the time of admission does 
not predict readmission. Time to readmission was analyzed for 
those with an elevated CRP (≥3.0 mg/L) at admission (n=22), and 
those with a normal CRP (<3.0 mg/L) at admission (n=18). There 
was a strong trend towards significance with p=0.053.

4211 patients, elevated PCT levels were associated with 
increased risk of treatment failure and mortality.24

The traditional cut- off for suspecting systemic bacte-
rial infection with PCT is 0.25 ng/mL. This level is not 
reached for most patients with CF pulmonary exacerba-
tions. However, slight elevations of PCT, like we measured, 
may be reflective of low- grade invasive bacterial infections. 
For example, some have postulated that low PCT levels 
may indicate bacterial colonization, while higher levels of 
PCT indicate more invasive infections that are activating 
the innate immune system.25 In the case of CF, elevations 
in serum PCT may indicate that there is a breakdown in 
the integrity of the airway epithelium, allowing bacteria 
to create a more invasive infection and activate the innate 
immune system. A similar small increase in PCT was seen 
in adults with non- CF bronchiectasis that required inpa-
tient treatment with antibiotics. In that study, the average 

outpatient PCT was 0.03, and increased to 0.102 with need 
for antibiotics.26

In our study, clinicians were blinded to PCT levels, so that 
their care was not affected by them. However, PCT levels 
have the potential to help guide when antibiotics can safely 
be stopped in CF pulmonary exacerbations. Increasing PCT 
levels may also provide an indication that antibiotic coverage 
should be changed. The optimal length of treatment for 
CF exacerbations is currently unknown. The Standardized 
Treatment of Pulmonary Exacerbations 2 trial is currently 
attempting to determine the optimal duration of antibi-
otic therapy.27 CF pulmonary exacerbations, however, are 
heterogeneous in nature,28 and more sensitive biomarkers are 
needed to assist clinicians in determining the optimal duration 
of therapy. Limitations of our study include the small sample 
size. However, our sample size was able to detect several statis-
tically significant effects. Another limitation is the fact that all 
patients were recruited from a single center, so our findings 
will need to be further evaluated by multicenter trials. In addi-
tion, we did not obtain CRP levels after treatment to deter-
mine if they increased or decreased in conjunction with PCT.

In conclusion, PCT has the potential to develop into a 
biomarker that is useful in the management of CF pulmo-
nary exacerbations. Our pilot study shows the potential 
utility of the biomarker to help determine the severity of the 
exacerbation, and prognosticate about the success of treat-
ment. In particular, a rising PCT during antibiotic treatment 
is ominous, predicting less improvement in FEV1 with treat-
ment, and earlier readmission. Future multicenter trials are 
required to determine whether PCT may play a role in the 
clinical care of CF pulmonary exacerbations.
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