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Diagnostic value of serum procalcitonin and
C-reactive protein in discriminating between bacterial
and nonbacterial colitis: a retrospective study
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Woo Jin Chung, Kwang Bum Cho, Jae Seok Hwang

Division of Gastroenterology, Department of Internal Medicine, Keimyung University Dongsan Medical Center, Keimyung University School of
Medicine, Daegu, Korea

Background: Differentiating between bacterial and nonbacterial colitis remains a challenge. We aimed to evaluate the value of serum
procalcitonin (PCT) and C-reactive protein (CRP) in differentiating between bacterial and nonbacterial colitis.

Methods: Adult patients with three or more episodes of watery diarrhea and colitis symptoms within 14 days of a hospital visit were
eligible for this study. The patients’ stool pathogen polymerase chain reaction (PCR) testing results, serum PCT levels, and serum CRP
levels were analyzed retrospectively. Patients were divided into bacterial and nonbacterial colitis groups according to their PCR. The
laboratory data were compared between the two groups. The area under the receiver operating characteristic curve (AUC) was used to
evaluate diagnostic accuracy.

Results: In total, 636 patients were included; 186 in the bacterial colitis group and 450 in the nonbacterial colitis group. In the bacte-
rial colitis group, Clostridium perfringens was the commonest pathogen (n=70), followed by Clostridium difficile toxin B (n=60). The
AUC for PCT and CRP was 0.557 and 0.567, respectively, indicating poor discrimination. The sensitivity and specificity for diagnosing
bacterial colitis were 54.8% and 52.6% for PCT, and 52.2% and 54.2% for CRP, respectively. Combining PCT and CRP measurements
did not increase the discrimination performance (AUC, 0.522; 95% confidence interval, 0.474-0.571).

Conclusion: Neither PCT nor CRP helped discriminate bacterial colitis from nonbacterial colitis.
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3 world [ 1]. Most cases are self-limited and caused by viral patho-
Introduction y viral p
gens; therefore, routine antibiotics are not recommended [1].

Acute infectious diarrhea is one of the commonest diseases in the Nevertheless, empirical antibiotic therapy for acute infectious diar-
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thea is still widely used in clinical practice [2]. Indiscriminate anti-
biotic use can lead to antibiotic resistance, allergic reactions,
drug-related toxicities, Clostridium difficile infection, and increased
medical costs [3,4]. Therefore, it is necessary to quickly identify
whether a bacterial infection is present in the early stages of acute
bacterial colitis. To date, treatment strategies for patients with sus-
pected infectious diarrhea are determined mainly by correctly clas-
sifying the severity of the clinical features of the patients; however,
there is no objective biochemical indicator for distinguishing bac-
terial colitis from nonbacterial colitis [1].

Stool-based tests such as bacterial culture, microscopy, and
stool antigen tests are conventional diagnostic approaches for
identifying enteric pathogens in patients with bacterial colitis [1].
However, these tests are time-consuming, have inadequate sensi-
tivity, and require specialized equipment for analysis [1,5]. C-re-
active protein (CRP) and procalcitonin (PCT) are representative
serological markers for various inflammatory conditions and sep-
sis [6]. CRP is an acute-phase reactant used to diagnose and fol-
low up on diverse bacterial infections [6]. PCT is a calcitonin pre-
cursor made of 116 amino acids [7]. PCT is rarely expressed un-
der normal conditions, but it is activated in response to bacterial
infection and mediated by endotoxins or interleukins (ILs) and
tumor necrosis factor-a [ 7]. Regarding speed, simplicity, and ex-
pense, if bacterial colitis can be differentiated by serologic bio-
markers such as PCT and CRP, it will be beneficial in making clin-
ical treatment decisions.

To date, there is insufficient data on the clinical feasibility of
PCT and CRP in diagnosing acute bacterial colitis. Herein, we
evaluated the value of serum PCT and CRP in differentiating be-
tween bacterial and nonbacterial colitis.

Methods

Ethical statements: This study was approved by the Institu-
tional Review Board (IRB) of Keimyung University Dongsan
Medical Center (IRB No: 2021-07-075). The requirement for
informed consent was waived owing to the study’s retrospec-
tive design.

1. Patients and study design

Between November 2014 and April 2021, we retrospectively re-
viewed the medical records of adult patients who experienced wa-
tery diarrhea three or more times a day with abdominal symptoms
such as nausea, vomiting, and abdominal pain within 14 days of
visiting the hospital. Only patients with serological and stool
pathogen polymerase chain reaction (PCR) test results were finally

included in this study within 24 hours of visiting the hospital.
Based on PCR (CFX96 Real-time System, Bio-Rad, Hercules, CA,
USA) results, patients were divided into bacterial and nonbacterial
colitis groups. Additionally, results of laboratory tests, including se-
rum PCT, CRP, white blood cell (WBC) count, platelet, aspartate
transaminase, alanine aminotransferase, albumin, blood urea nitro-
gen, creatinine, and clinical parameters (such as fever and admis-
sion to the intensive care unit [ICU]), comorbidities and presence
of bacteremia were collected. These variables were compared be-
tween the two groups.

2.Laboratory tests

Serum CRP levels were measured using the nephelometric meth-
od with Roche Cobas C 702 (Roche, Tokyo, Japan). Serum PCT
levels were measured using the chemiluminescence method in a
Cobas E 801 analyzer (Roche, Japan). Multiplex stool PCR (SEE-
AMP, CFX96 Real-time System, Bio-Rad) was used for the stool
pathogen PCR test, which could reveal Salmonella, Shigella, Vibrio,
Campylobacter, Escherichia coli O157:H7, Aeromonas, C. difficile
toxin, Clostridium perfringens, Yersinia enterocolitica, and verotox-

in-producing E. colj, as causative agents.

3. Definition of bacterial colitis

A patient with the clinical features of colitis and detected bacterial
pathogens with a stool pathogen PCR test was considered as hav-
ing bacterial colitis [ 8]. Patients in whom bacterial pathogens were
not detected with the multiplex stool PCR test were considered as
having nonbacterial colitis. The clinical manifestations of colitis in-
clude fever (body temperature of > 37.8°C), abdominal pain, nau-
sea, vomiting, and diarrhea.

4. Statistical analysis

Statistical analysis was performed using IBM SPSS ver. 24.0 (IBM
Corp., Armonk, NY, USA). Categorical variables are expressed as
the number and percentage of the participants, and continuous
variables are expressed as mean and standard deviation. We used
the chi-square analysis for categorical variables and the t-tests for
continuous variables. A p-value less than 0.05 was considered sta-
tistically significant. Receiver operating characteristic (ROC)
curve analysis was used to assess the performance of PCT and
CRP in differentiating between bacterial and nonbacterial colitis.

The cutoft values were confirmed using the Youden index.

Results

In total, 638 patients were included in this study: 186 in the bacte-
rial colitis group and 452 in the nonbacterial colitis group. Table 1
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Table 1. Comparison of patient characteristics between bacterial and nonbacterial colitis

Characteristic Bacterial colitis Nonbacterial colitis p-value
No. of patients 186 452
Age, > 65 yr 113 (60.8) 227 (50.2) 0015
Male sex 84 (45.2) 211 (46.7) 0.726
Laboratory parameter
WBC count (x 103/pL] 12,759.8+9,269.79 11,411.3+7,767.78 0.061
Platelet (x 103/pL) 203.57+£107.52 209.28+117.39 0.568
CRP (mg/dL) 11.98+9.75 10.11£9.34 0.023
Procalcitonin (ng/mL) 8.46+21.70 7.98+22.15 0.799
AST (U/L) 49.05+85.47 47.57+74.30 0.827
ALT (U/L) 29.51+33.13 34.98+48.67 0.103
Albumin (g/dL) 3.25+0.67 3.32+0.66 0.223
BUN (mg/dL] 34.12+£26.10 31.31+£26.19 0.219
Creatinine (mg/dL) 227+2.30 2124244 0.496
Fever (BT >37.8°C) 87 (46.8) 223 (49.3) 0.556
Comorbidity
Hypertension 91 (48.9) 236 (52.2) 0.486
Diabetes mellitus 64 (34.4) 172 (38.1) 0.417
Chronic kidney disease 38(20.4) 112 (24.8) 0.259
Liver cirrhosis 12 (6.5) 39 (8.6) 0.423
Heart disease 43 (23.1) 106 (23.5) >0.999
Cerebrovascular disease 21 (11.3) 62 (13.7) 0.440
Malignant disease 44(23.7) 96 (21.3) 0.529
Use of chemotherapy 30(16.1) 38(8.4) 0.007
Use of immunosuppressant 15 (8.1) 42 (9.3) 0.760
Presence of bacteremia 29 (15.6) 69 (15.3) 0.905

Values are presented as number only, number (%), or mean +standard deviation.
WBC, white blood cell; CRP, C-reactive protein; AST, aspartate transaminase; ALT, alanine aminotransferase; BUN, blood urea nitrogen; BT, body tem-

perature.

presents the patients’ baseline characteristics. The proportion of
patients aged > 65 years was significantly higher in the bacterial
colitis group than in the nonbacterial colitis group (60.8% vs.
50.2%, p=0.015). Patients with chemotherapy were significantly
higher in the bacterial colitis group than in the nonbacterial coli-
tis group (16.1% vs. 8.4%, p=0.007). Serum CRP level was sig-
nificantly higher in the bacterial colitis group than in the nonbac-
terial colitis group (mean * standard deviation, 11.98+9.75 vs.
10.11+9.34 mg/dL, p=0.023). The mean serum PCT level was
8.46 ng/mL in the bacterial colitis group and 7.98 ng/mL in the
nonbacterial colitis group; there was no significant difference be-
tween the groups. Other laboratory values and clinical parameters,
including WBC count, platelet count, creatinine level, fever, ICU
admission, use of immunosuppressant, and presence of bactere-
mia, were not significantly different between the two groups. The
causative pathogens detected by PCR testing are presented in Ta-
ble 2. In the bacterial colitis group, C. perfringens was the common-
est pathogen (n="70, 37.6%), followed by C. difficile toxin B
(n=65,34.9%), Campylobacter spp. (n=42,22.6%), and Salmonel-
laspp. (n=11,5.9%).

390 https://doi.org/10.12701/jyms.2023.00059

Table 2. Distribution of bacteria detected on stool polymerase
chain reaction testing

Type Data
Clostridium perfringens 70 (37.6)
Clostridium difficile toxin B 65 (34.9)
Campylobacter spp. 42 (22.6)
Salmonella spp. 11 (5.9)
Shigella 6(3.2)
VTEC 1(0.5)

Values are presented as number (%).
VTEC, verotoxin-producing Escherichia coli.

Findings of the ROC curve analysis of PCT and CRP in differ-
entiating between bacterial and nonbacterial colitis are shown in
Table 3 and Fig. 1. The area under the curve (AUC) of PCT for di-
agnosing bacterial colitis was 0.557 (95% confidence interval [CI],
0.509-0.605). At a cutoff of 0.52 ng/mlL, the sensitivity and speci-
ticity of PCT were 54.8% and 54.6%, respectively. The AUC of
CRP was 0.561 (95% CI, 0.512-0.610). At a cutoff level of 8.80
ng/mL, the sensitivity and specificity of CRP were 52.2% and
54.2%, respectively. Combining PCT and CRP did not improve
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Table 3. Receiver operating characteristic analysis of CRP and PCT to differentiate between bacterial and nonbacterial colitis

Index AUC (95% Cl) Cutoff Sensitivity (%) Specificity (%)
PCT 0.557 (0.509-0.605) 54.8 54.6
CRP 0.561 (0.512-0.610) 52.2 54.2
PCT+CRP 0.522 (0.474-0.571) 0.52, 8.80 67.2 393

CRP, C-reactive protein; PCT, procalcitonin; AUC, area under the curve; Cl, confidence interval.
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Fig. 1. Receiver operating characteristic curve of PCT and CRP
for differentiating between bacterial and nonbacterial colitis.
CRP, C-reactive protein; PCT, procalcitonin.

the diagnostic performance beyond that of PCT or CRP alone
(AUC, 0.522; 95% CI, 0.474-0.571).

Discussion

Our study demonstrated that serum PCT and CRP levels were not
potential markers for the early distinction between bacterial and
nonbacterial colitis. The combination of PCT and CRP did not
show a better diagnostic performance in discriminating bacterial
colitis from nonbacterial colitis than PCR or CRP alone.

In Korea, among nosocomial infections, the rate of methicil-
lin-resistant Staphylococcus aureus reached 80%, and the vancomy-
cin-resistant enterococci rate of Enterococcus faecium reached 24%
[9]. If the bacterial infection can be predicted early, patient treat-
ment can be determined in advance to prevent unnecessary antibi-
otics. This will ultimately help address issues such as the overuse of
antibiotics, rising healthcare costs, and antibiotic resistance. For
this reason, several biomarkers are being actively studied as tools to
distinguish bacterial infections (e.g., leucocyte count, erythrocyte
sedimentation rate, CRP, soluble triggering receptor expressed on

myeloid cells 1, serum PCT, IL-6, IL-8, IL-27, etc.) [ 10].

An ideal biomarker should not be only highly sensitive and spe-
cific but also easy to use, fast, and inexpensive [11,12]. CRP, the
most commonly used serologic biomarker for infection, rises 12 to
24 hours after infection and reaches its maximum level after 24
hours. On the other hand, PCT is immediately detectable within 3
to 4 hours after the infection and reaches its maximum level 6 to 12
hours later [ 13]. When infection is controlled, PCT levels decrease
rapidly. In addition, PCT seems to be useful for diagnosing bacteri-
al infection because its level is reduced by IL-y, a viral infection me-
diator [ 14]. Due to the immediate response of PCT to bacterial in-
tection, PCT is thought to be a promising biomarker for early diag-
nosis of bacterial infection, monitoring of response to antibiotics,
or determination of the need to change antibiotics [ 13]. CRP can
also increase during exacerbation of viral infection or autoimmune
disease [15], but PCT is less affected by conditions, such as neu-
tropenia and reduced immunity, than CRP [ 14].

The diagnostic value of PCT is a focus of research as PCT is re-
portedly useful for early diagnosis and monitoring of various dis-
eases, especially bacterial infections. In a systematic review and me-
ta-analysis, PCT showed better diagnostic accuracy than CRP in
hospitalized patients with suspected bacterial infections [6]. PCT
is reportedly a potential marker for septic shock in acute cholangi-
tis [ 16]. Additionally, PCT plays an important role in differentiat-
ing between edematous pancreatitis and necrotizing pancreatitis
[17], diagnosing respiratory distress syndrome [ 18], and monitor-
ing infections in transplant patients [19].

Although the feasibility of PCT has been studied in various dis-
eases, only a few studies have addressed its role as a diagnostic bio-
marker for bacterial colitis. One previous study analyzed the dis-
criminative value of PCT in differentiating between inflammatory
and noninflammatory diarrhea [20]. In that study, serum PCT had
a significant predictive value (odds ratio [OR], 1.321; AUC,
0.797) and a better predictive value than CRP (OR, 1.145; AUC,
0.697) [20]. Contrarily in our study, neither PCT nor CRP helped
discriminate between bacterial and nonbacterial colitis. Unlike in
our study, in a previous study, inflammatory colitis was diagnosed
using colonoscopy and imaging, and no tests for microbial patho-
gens were used. The results may differ because the studies used dif-
ferent definitions of bacterial colitis; however, our study had a larg-
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er sample size and used multiple PCR testing for diagnosis, which
is more sensitive than culture [1,21]. In a study investigating
whether PCT could differentiate between infectious gastroenteri-
tis and inflammatory bowel disease (IBD), PCT and CRP ap-
peared to be good diagnostic markers for gastroenteritis. Still, there
was no significant difference in IBD monitoring using PCT. How-
ever, similar to our study, studies have shown that PCT is not an
appropriate diagnostic tool for bacterial infection. In another study,
the feasibility of PCT levels in discriminating Salmonella infections
was assessed: PCT had a low diagnostic value [22].

In this study, C. perfringens and C. difficile accounted for most
colitis-associated bacterial infections. Contrarily, E. coli is known to
be the commonest cause of infectious diarrhea in Korea, followed
by S. aureus, Salmonella, Vibrio parahaemolyticus, C. perfringens, Ba-
cillus cereus, Campylobacter jejuni, and Shigella [8]. Since this study
targeted patients who visited a general tertiary hospital, the distri-
bution of the causative bacteria may differ slightly from that of the
general population.

This study has some limitations. First, there may have been a se-
lection bias, given the study’s retrospective design. Second, PCT
reaches peak levels 6 to 24 hours after infection; however, in this
retrospective study, blood sampling may have been performed
when PCT levels were not sufficiently elevated. Third, PCT levels
could have been higher in patients with cancer or immune diseas-
es, but the patients’ comorbidities and medications were not in-
cluded in the analyses in this study. Fourth, because the fecal PCR
test is not a test tool that can accurately diagnose all pathogens,
even in patients with bacterial colitis, bacterial pathogens may not
be detected by fecal PCR testing. In particular, although C. diffi-
cile-associated diarrhea (CDAD) has pathophysiological differenc-
es from other bacterial colitis, mild CDAD patients may have been
included in the nonbacterial colitis group in our study. Neverthe-
less, the advantage of this study is that it identified the feasibility of
PCT, CRP, and stool PCR testing in a relatively large number of pa-
tients. This is the first study to investigate the feasibility of PCT
and CRP in differentiating between bacterial and nonbacterial coli-
tis based on the stool PCR test.

In conclusion, our study showed that neither serum PCT nor
CRP levels helped differentiate between bacterial and nonbacterial
colitis. Although serum PCT or CRP may be helpful in the clinical
judgment of bacterial colitis when considered in conjunction with
history, physical examination, and other laboratory values, caution
is warranted in differentiating between bacterial and nonbacterial
colitis using PCT or CRP alone. Larger prospective studies will
help validate these results.
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