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Abstract
The measurement of procalcitonin has recently 
become a mainstay for the diagnosis and therapeutic 
management of severe bacterial infections, especially 
those sustained by Gram-negative bacteria. Therefore, 
the aim of this article is to provide a narrative overview 
on the potential role of procalcitonin measurement 
in patients with inflammatory bowel disease (IBD). 
According to the available scientific literature, the 
clinical significance of procalcitonin for diagnosing IBD 
or monitoring disease activity remains elusive, and 
its association with disease severity is confined to a 
limited number of case-control studies, with low sample 
size. Nevertheless, literature data also suggests that a 
supranormal procalcitonin serum concentration (i.e. , 
> 0.5 ng/mL) may reflect the presence of a number 
of infective complications in IBD, especially bacterial 
enterocolitis, bacterial gastroenteritis, intraabdominal 
abscess, postsurgical infection and sepsis. Rather 
than for diagnosing or assessing disease activity, the 
measurement of this biomarker may hence retain 
practical clinical significance for early prediction, timely 
diagnosis and therapeutic monitoring of many IBD-
associated infections and complications.

Key words: Intestinal bowel disease; Chron’s disease; 
Ulcerative colitis; Procalcitonin

© The Author(s) 2017. Published by Baishideng Publishing 
Group Inc. All rights reserved.

Core tip: According to current evidence, the clinical 
significance of measuring procalcitonin for diagnosing 
intestinal bowel disease (IBD) or monitoring disease 
activity remains elusive. Nevertheless, literature data 
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suggests that supranormal procalcitonin concentrations 
may reflect the presence of a number of infective 
complications in IBD, including bacterial enterocolitis, 
bacterial gastroenteritis, intraabdominal abscess, 
postsurgical infection and sepsis. Rather than for 
assessing disease activity, the measurement of this 
biomarker may hence retain clinical significance for 
predicting or timely diagnosing of many IBD-associated 
infections and complications.

Lippi G, Sanchis-Gomar F. Procalcitonin in inflammatory bowel 
disease: Drawbacks and opportunities. World J Gastroenterol 
2017; 23(47): 8283-8290  Available from: URL: http://www.
wjgnet.com/1007-9327/full/v23/i47/8283.htm  DOI: http://dx.doi.
org/10.3748/wjg.v23.i47.8283

INTRODUCTION
Structure and metabolism of procalcitonin
Procalcitonin is the precursor of calcitonin, an essential 
hormone involved in calcium homeostasis. In phy­
siological conditions, thyroid C cells synthesize pre-
procalcitonin, a 141 amino acids precursor of calcitonin, 
which is then rapidly converted into procalcitonin (116 
amino acids) by endopeptidases-catalyzed removal 
of the 25-amino acid signal sequence[1]. Procalcitonin 
is then converted into the circulation by the enzyme 
prohormone convertase (PC) in the mature hormone 
calcitonin (32 amino acids), N-terminal procalcitonin 
(57 amino acids) and katacalcin (21 amino acids) 
(Figure 1)[1]. In physiological conditions, procalcitonin 
has a very low blood concentration (typically < 0.05 
ng/mL) (Figure 2). Nevertheless, in patients with severe 
bacterial infections, especially in those with systemic 
infections and sepsis, an extra-thyroid synthesis of 
procalcitonin occurs in several organs, such as liver, 
lung, pancreas, kidney and intestine, as well as in 
leukocytes (Figure 2)[2]. Consequently, its circulating 
concentration can be enhanced from 100-fold to 
10000-fold over. For this reason, finding blood levels 
of procalcitonin beyond 100 ng/mL is commonplace 
in patients with sepsis, with the magnitude of such 
increase often correlating with both the severity of 
infections and prognosis. 

The mechanisms leading to an enhanced extra-
thyroid production is prevalently attributable to both 
direct and indirect bacterial stimulation of the calcitonin 
gene CALC-1 (directly triggered by endotoxin and 
other bacterial toxins, or indirectly caused by the 
metabolic reaction of the organism in response to 
infection), but is also due to reduced cleavage of the 
protein into calcitonin, N-terminal procalcitonin and 
katacalcin (Figure 2)[3]. Notably, procalcitonin synthesis 
is mostly inhibited (blocked) by interferon-γ in viral 
infections, so that its concentration remains usually 

low[4]. 
In patients with severe bacterial infections, in­

creased synthesis of procalcitonin typically occurs 
within 2-4 h from the onset of sepsis, reaching peak 
blood values 6 to 8 h afterward and persisting as long 
as the inflammatory process continues, regardless of 
preserved or impaired renal function[5]. The half-life 
of procalcitonin is usually comprised between 20-24 h. 
Several lines of evidence suggest that procalcitonin 
kinetics in the blood may provide more useful clinical 
information than its absolute value. An increase of 
serum or plasma procalcitonin values ​​over time is 
associated with worse prognosis, whilst decreasing 
levels mirrors improved clinical outcome and/or 
therapeutic effectiveness.

Procalcitonin as a biomarker of infection
Procalcitonin was originally identified as a useful marker 
of severe systemic infections in 1993 by Assicot et al[6], 
who studied 79 children with suspected infections 
and showed that procalcitonin value was substantially 
increased in those with sepsis and procalcitonin serum 
concentration was also strongly correlated with disease 
severity and complications. Since then, many other 
clinical studies and meta-analyses have confirmed the 
considerable value of this biomarker for early diagnosis, 
prognostication and even therapeutic management 
of patients with sepsis and septic shock[7]. Albeit its 
consolidated role in severe systemic infections, the role 
of procalcitonin in localized infections has remained 
less conclusive[8,9]. Nevertheless, recent data suggest 
that procalcitonin measurement may be clinically useful 
in patients with bacterial meningitis[10], community-
acquired pneumonia[11], erysipelas[12] and arthritis[13]. 

In all these conditions procalcitonin measurement 
is now regarded as a first-line screening test for timely 
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Figure 1  Biochemistry and biology of procalcitonin. N-PCT: N-terminal 
procalcitonin; PC: Prohormone convertase; pre-PCT: Pre-procalcitonin; PCT: 
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identification of bacterial infections and to facilitate 
rapid establishment of an antibiotic treatment. Notably, 
the results of the vast majority of microbiological tests 
cannot be immediately available, so that the severity 
of the infection may progress unless a final diagnosis 
can be made. Procalcitonin has many advantages in 
this respect, since its measurement may allow for 
identifying infections with minimal host response, 
is sufficiently specific for discriminating bacterial 
infections from other severe stimuli that may also 
induce systemic inflammatory response syndrome, 
is present early during the course of disease, can be 
timely and conveniently assayed and, finally, may also 
provide prognostic information[4,8].

With regards to gastrointestinal infectious disorders, 
the combination of procalcitonin with symptoms and 
conventional laboratory tests yielded an improved 
diagnostic or prognostic accuracy in patients with 
bacterial pancreatitis[14], acute bacterial appendicitis[15], 
gastroenteritis[16], ascites[17], intestinal ischemia[18], 
bacterial peritonitis[19], and other intraabdominal 
bacterial infections[20]. Controversial evidence has been 
published about the role of procalcitonin measurement 
in patients with inflammatory bowel disease (IBD), 
as thoughtfully discussed in the next section of this 
narrative review.

LITERATURE SEARCH 
An electronic literature search was performed in 
Embase, MEDLINE (PubMed interface) and Web of 
Science to identify eligible literature from the earliest 
available date to October 24, 2017. The following 
search terms were used: “inflammatory bowel 
disease” OR “Crohn’s disease” OR “ulcerative colitis” 
AND “procalcitonin” in title, abstract and keywords, 
with no language restriction. Review articles, letters 
to the editor, editorials and original articles were 
evaluated, and their list of references was also hand-
searched to identify additional articles about this topic. 
The electronic searches returned 29 documents, from 
which 10 original articles and 1 meeting abstract were 
finally selected according to their clinical relevance.

EPIDEMIOLOGICAL STUDIES ON 
PROCALCITONIN IN IBD
The first study assessing the role of procalcitonin in 
IBD was published by Korczowski et al[21] in 2004. The 
serum concentration of procalcitonin and C-reactive 
protein (CRP) was measured in 30 healthy controls 
and 129 children hospitalized with diarrhea of various 
origin, which also included 13 children with IBD. 
Procalcitonin values were found to be higher than the 
diagnostic cutoff (i.e., 0.5 ng/mL) in 23% children 
(3/13) with IBD versus 0% of healthy controls (P = 
0.019). Moreover, the percentage of children in the 
overall cohort with bacterial enterocolitis displaying 
increased serum procalcitonin concentration was as 

high as 61%.
In the same year, Herrlinger et al[22] published 

another study including 51 IBD patients [26 with 
Crohn’s disease (CD), 25 with ulcerative colitis (UC)], 
along with 25 patients with self-limited enterocolitis. 
The concentration of procalcitonin was found to 
be considerably higher in patients with self-limited 
enterocolitis compared to those with IBD (0.36 ng/mL 
vs 0.10 ng/mL, P < 0.001). Interestingly, although the 
procalcitonin concentration was in the normal range in 
all IBD patients (i.e., < 0.5 ng/mL), those with active 
disease [i.e., Clinical Disease Activity Index (CDAI) 
score > 150 or Truelove severity index moderate or 
severe] had a nearly 40% higher procalcitonin value 
than those with inactive disease (0.13 ng/mL vs 0.09 
ng/mL, P < 0.001).

Thia et al[23] carried out a prospective single-
center study, including 81 patients with bacterial 
gastroenteritis and 71 with IBD (27 with CD, 44 with 
UC). Procalcitonin displayed good performance for 
discriminating bacterial gastroenteritis from IBD [area 
under the curve (AUC), 0.727; P < 0.001], and its 
serum levels were higher between patients with active 
or inactive IBD, although such difference did not reach 
statistical significance (0.052 ng/mL vs 0.003 ng/mL, 
P = 0.416).

These results were confirmed by Oruç et al[24], 
who also measured serum procalcitonin in 50 healthy 
volunteers and 45 patients with IBD (9 with CD, 36 
with UC). Significantly higher procalcitonin values were 
observed in CD patients (0.14 ng/mL; P < 0.05) but 
not in UC patients (0.10 ng/mL; P = ns) compared to 
controls (0.06 ng/mL). A procalcitonin threshold of 0.05 
ng/mL had modest sensitivity (i.e., 0.67) and very 
poor specificity (i.e., 0.42) for distinguishing between 
active and inactive IBD (AUC, 0.57; P = ns).

Oussalah et al[25] carried out a prospective ob­
servational study which included 30 patients with 
CD and 27 with UC. These authors measured serum 
procalcitonin values and found they were correlated 
with several demographic and clinical features. The 
serum concentration of procalcitonin was found to 
be significantly higher in patients with active IBD 
than in those with inactive IBD (0.10 ng/mL vs 0.07 
ng/mL, P = 0.02). Serum procalcitonin value was 
also significantly associated with both endoscopic and 
radiologic indices of activity in CD patients, and with 
radiologic indices of activity in UC. Interestingly, a 
serum procalcitonin value > 0.14 ng/mL was found 
to have optimal diagnostic sensitivity (i.e., 1.00), 
combined with remarkable diagnostic specificity 
(i.e., 0.96), for identifying CD patients with more 
severe disease (AUC, 0.963; P < 0.001). However, 
its diagnostic accuracy was apparently inadequate for 
identifying UC patients with more severe disease (AUC, 
0.736; P = 0.08). 

Koido et al[26] analyzed serum procalcitonin con­
centrations in 11 healthy volunteers and 18 patients 
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In a subsequent study, Ge et al[28] studied 80 
patients with CD, 16 of whom developed an intr­
aabdominal abscess. The serum concentration of 
procalcitonin was found to be higher in CD patients 
with an intraabdominal abscess than in those without 
(0.505 ng/mL vs 0.112 ng/mL, P < 0.01). A diagnostic 
threshold of 0.35 ng/mL for procalcitonin displayed 
0.81 sensitivity and 0.97 specificity (AUC, 0.954; P 
< 0.001) for differentiating patients with or without 
intraabdominal abscess. A significant correlation 
was also observed between CDAI score and serum 
procalcitonin value (r = 0.575; P < 0.001).

Nishio et al[29] studied 55 IBD patients (18 with 
CD, 37 with UC), showing that serum procalcitonin 
values were significantly correlated with active disease 
expressed as CDAI index in CD (r = 0.7; P < 0.001), 
but not with active disease expressed as Mayo score 
in UC (r = -0.2; P = ns). In particular, patients with 
severe active to fulminant CD had serum procalcitonin 
values approximately 3-fold higher than those with 
non-severe active CD (0.14 ng/mL vs 0.04 ng/mL, P < 
0.001).

More recently, Hosomi et al[30] measured serum 
procalcitonin values in 101 patients with IBD (33 
with CD, 68 with UC). No significant correlation was 
observed between serum procalcitonin values and 

with UC. Disease severity was assessed according to 
Mayo endoscopic subscore and Truelove and Witts’ 
severity index. Interestingly, serum procalcitonin 
values were significantly higher in patients with 
severe UC (0.096 ng/mL) than in those with mild-to-
moderate UC (0.033 ng/mL; P < 0.001) or in healthy 
controls (0.035 ng/mL; P < 0.001). No difference was 
found between patients with mild-to-moderate UC and 
healthy controls (P = 0.311). Notably, a procalcitonin 
value > 0.055 ng/mL displayed 1.00 sensitivity and 
1.00 specificity for identification of severe UC.

Chung et al[27] performed a retrospective study 
including 58 patients with IBD (38 with CD, 20 with UC) 
and 71 with intestinal Behçet’s disease. Interestingly, 
procalcitonin values were not different in patients with 
active/inactive CD (0.11 ng/mL vs 0.07 ng/mL, P = 
0.521) nor in patients with active/inactive UC (0.15 
ng/mL vs 0.05 ng/mL, P = 0.553). Nonetheless, the 
procalcitonin values progressively increased as follows: 
patients with no infection (0.07 ng/mL), with localized 
bacterial infection (0.22 ng/mL), and with septic 
shock or sepsis (3.46 ng/mL; P = 0.001). Overall, 
procalcitonin displayed 0.83 positive predictive value 
and 0.84 negative predictive value (AUC, 0.636; P < 
0.01) for predicting the infection status.

Physiological conditions                                    Severe infections LPS, TNF-α, IL-1b, IL-6

Thyroid C cells

CALC-1

Pre-PCT

PCT

N-PCT

Calcitonin Katacalcin

PCT

Pre-PCT

CALC-1

Liver, lung, pancreas, kidney, intestine, leukocytes

Figure 2  Biology of procalcitonin in normal and infective conditions. CALC-1: Calcitonin-related polypeptide gene 1; LPC: Lipopolysaccharide; IL-1b: Interleukin-
1b; IL-6: Interleukin-6; N-PCT: N-terminal procalcitonin; pre-PCT: Pre-procalcitonin; PCT: Procalcitonin; TNF-α: Tumor necrosis factor-α.
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disease extension, location, perianal involvement, 
partial Mayo score, and Mayo endoscopic subscore, 
whilst a weak correlation was observed with Harvey-
Bradshaw index (r = 0.353; P = 0.044). In both 
groups of IBD patients, serum procalcitonin value 
was not associated with complete mucosal healing 
and complete clinical remission. Accordingly, the 
sensitivity and specificity of serum procalcitonin for 
predicting complete mucosal healing was poor, being 
0.86 and 0.35 in CD (cutoff, 0.04 ng/mL; AUC, 0.49), 
0.60 and 0.53 in UC (cutoff, 0.03 ng/mL; AUC, 0.57), 
respectively. The sensitivity and specificity of serum 
procalcitonin for predicting complete clinical remission 
was even poorer, being 0.57 and 0.30 in CD (cutoff, 
0.03 ng/mL; AUC, 0.35), and 0.21 and 0.46 in UC 
(cutoff, 0.03 ng/mL; AUC, 0.43), respectively.

Finally, Zielińska-Borkowska et al[31] carried out an 
observational study including 154 patients undergoing 
major elective colorectal surgery for cancer (n = 
95), IBD (n = 38), and other conditions (n = 21). 
Overall, 16 patients (10%) developed postsurgical 
infections due to anastomotic leakage, in whom the 
frequency of serum procalcitonin concentration > 0.5 
ng/mL was significantly higher than those who did 
not develop complications (31% vs 4%, P < 0.001). 
A serum procalcitonin value > 1.09 ng/mL displayed 
0.87 sensitivity and 0.87 specificity for predicting 
postsurgical infection (AUC, 0.88; P < 0.01).

Taken together, the available published studies 
suggest that procalcitonin is probably unwarranted 
for the diagnosis of IBD and/or assessing disease 
severity, whilst its measurement in patients with 
suspected infections may enable a timely diagnosis as 
well as an effective therapeutic monitoring of infective 
complications in IBD.

BIOLOGICAL ROLE OF PROCALCITONIN 
IN IBD
The diagnostic role of procalcitonin for predicting 
bacterial complications in IBD is supported by reliable 
biological evidence. It has now been clearly established 
that bacterial endotoxin and a wide range of cytokines 

[especially interleukin-1b (IL-1b), interleukin-6 (IL-6) 
and tumor necrosis factor-α (TNF-α)] are actively 
released in response to both systemic and localized 
bacterial infections. This process strongly interplays 
with CALC1, eliciting abundant extra-thyroid synthesis 
of pre-procalcitonin, which is in turn rapidly converted 
to procalcitonin (Figure 2). This extra-thyroid production 
is magnified in patients with Gram-negative infections, 
which are associated with the highest circulating values 
of TNF-α[32]. 

Although the precise mechanism is still unclear, the 
ensuing PC-mediated cleavage of procalcitonin does 
not occur efficiently in patients with severe infections, 
finally contributing to further increase in the circulating 
concentration of this biomarker[33]. Therefore, it is not 
surprising that procalcitonin values may be increased 
in IBD patients with bacterial complications, whilst its 
concentration remains virtually unchanged in those 
without infections, irrespective of disease severity 
(Figure 3). Albeit a modest increase of TNF-α can be 
frequently observed in patients with IBD (especially 
in those with CD), which in turn may explain the 
occasional association with increased values of serum 
procalcitonin in IBD patients with more active disease 
(Table 1), its effect on the pathogenesis of IBD 
seems mostly mediated by altered expression of 
TNF receptors[34]. On the other hand, TNF-α is more 
strongly up-regulated by a number of proinflammatory 
factors, such as endotoxin and other bacterial products. 
This fact would lead to substantial enhancement of 
intestinal procalcitonin synthesis and also explains its 
potential clinical usefulness for predicting bacterial 
complications in IBD (Figure 3). 

CONCLUSION
Recent data attest that the rate of Clostridium difficile 
infection is constantly increasing and is now responsible 
for a remarkable number of IBD hospitalizations[35]. 
Unfortunately, the diagnosis of local infective com­
plications is challenging in patients with IBD, since 
the symptoms are nonspecific or often overlap with 
those of the underlying pathology. The suggestive 

TNF-α        LPS        IL-1b        IL-6

Healthy subjects

Inactive IBD

Active IBD

IBD infective complication

Septic IBD

0          0.5         1         1.5          2

Procalcitonin (ng/mL)

Figure 3  Procalcitonin in inflammatory bowel disease. CALC-1: Calcitonin-related polypeptide gene 1; LPC: Lipopolysaccharide; IL-1b: Interelukin-1b; IL-6: 
Interleukin-6; N-PCT: N-terminal procalcitonin; pre-PCT: Pre-procalcitonin; PCT: Procalcitonin; TNF-α: Tumor necrosis factor-α.
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endoscopic findings (e.g., pseudomembranous 
exudates in Clostridium difficile infection) are lacking in 
the vast majority of IBD patients, whilst stool culture is 
characterized by long turn-around time (usually around 
48 h), high cost, and considerably low specificity[36]. 
Therefore, the availability of alternative diagnostic 
biomarkers may be seen as a valuable perspective to 
follow-up of IBD patients.

According to current evidence in the scientific liter
ature, the clinical significance of measuring procalcitonin 
for diagnosing and monitoring IBD disease is rather 
elusive, and its association with disease severity is 
still confined to a limited number of studies (Table 
1). Nevertheless, though procalcitonin values do not 
seemingly provide clinically useful information as 
serological marker of disease activity and inflammatory 
status, literature data suggest that supranormal 
procalcitonin concentrations may reflect the presence 
of a number of infective complications in IBD, thus 

including bacterial enterocolitis, bacterial gastroenteritis, 
intraabdominal abscess, postsurgical infection and 
sepsis (Table 1). To conclude, the measurement of this 
biomarker may retain clinical significance for predicting 
or timely diagnosing many IBD-associated infections 
and complications rather than for assessing the disease 
activity.
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