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background: Clostridium difficile colitis diagnosis is chal- 
lenging. 
objectives: To determine, among patients who developed 
nosocomial diarrhea whether serum procalcitonin (PCT) can 
distinguish between C. difficile toxin (CDT)-positive and CDT-
negative patients.
Methods: This prospective study included 50 adults (>18 
years) who developed diarrhea during hospitalization, 25 
with a positive fecal test for CDT (study group) and 25 CDT 
negative (control group). 
results: Baseline demographic and underlying illnesses 
were similar in both groups. Duration of diarrhea was 6 ± 4 
days and 3 ± 1 in the study and control groups, respectively 
(P = 0.001). Mean blood count was 20 ± 15 and 9.9 ± 4, 
respectively (P = 0.04). CRP level was higher in the study 
group than in the control (10.9 ± 7.4 and 6.6 ± 4.8, P = 
0.028). PCT level was higher in the study group (4.4 ± 4.9) 
than the control (0.3 ± 0.5, P = 0.102). A PCT level > 2 ng/ml 
was found in 7/25 patients (28%) and 1/25 (4%), respectively 
[odds ratio 9.33, 95% confidence interval (0.98 to 220), P 
= 0.049]. Multivariate analysis showed that only duration of 
diarrhea and left shift of peripheral leucocytes were significant 
indicators of CDT (P = 0.014 and P = 0.019, respectively). The 
mortality rate was 12/25 (48%) vs. 5/25 (20%), respectively 
(P = 0.04). 
conclusions: We found a non-significant tendency to higher 
PCT levels in patients with CDT-positive vs. CDT-negative 
nosocomial diarrhea. However, a PCT level > 2 ng/ml may help 
distinguish between these patients. 
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P rocalcitonin (PCT) is a peptide precursor of the hormone 
calcitonin. The source of production and its mechanism of 

induction are unknown. It is normally not secreted into serum, 

although typically during bacterial infections high serum levels 
can be detected. PCT levels > 2 ng/ml point to an acute bacte-
rial infection, while in severe bacterial infections and sepsis 
the level can rise to 10–100 ng/ml [1,2]. In the latter situa-
tions, PCT rises within 3 to 4 hours, peaks at 6 hours and stays 
at plateau levels for 24 hours from exposure time [3-5]. PCT 
decreases to baseline levels within 2 days, its half-life is 25–30 
hours and it dissolves through a specific protease. PCT reacts 
more rapidly to infection than C-reactive protein (CRP) [6], 
which may contribute to diagnosis of bacterial infection and 
also to more prudent antimicrobial usage [7-9]. 

PCT levels have been evaluated in various bacterial infec-
tions such as pneumonia, urinary tract infections (UTI), 
meningitis, and post-operative infections. PCT levels do not 
increase equally in different infections. Two studies compared 
PCT levels in infectious diarrhea vs. inflammatory diarrhea, 
and higher PCT levels were found in infection in the former 
condition [9,10]. Few studies have assessed PCT levels in 
nosocomial diarrhea or Clostridium difficile associated coli-
tis (CDC), a potentially devastating complication [11-14]. 
Early diagnosis of CDC is important for initiation of specific 
treatment, discontinuation of antibiotics and consideration 
of fecal transplantation [15].

The primary purpose of this study was to evaluate, among 
patients who develop diarrhea in the hospital, whether serum 
PCT can distinguish between Clostridium difficile toxin (CDT)- 
positive and CDT-negative patients. The secondary aim was 
to determine the possible correlation between PCT levels and 
CDC severity. 

Patients anD methoDs
This prospective, comparative and non-interventional study 
was conducted at Shaare Zedek Medical Center, a 1000-bed 
general hospital in Jerusalem. Included were adults ≥ 18 years 
of age who developed nosocomial diarrhea and had a stool 
specimen sent for CDT testing. The study group consisted 
of patients with a positive fecal test for CDT, while the con-
trol group consisted of patients with diarrhea and a negative 
result for CDT. We did not attempt to match the two groups 
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of patients. Multiple demographic and clinical and laboratory 
data were collected to allow for comparison of the groups.

patient population

This was a pilot study, and due to an absence of prior data it 
was impossible to calculate a study size that could have led 
to statistically significant results. It was decided arbitrarily 
to include 25 CDT-positive patients and 25 CDT-negative 
patients. Excluded were patients receiving chemotherapy in 
order to avoid inclusion of chemotherapy-induced colitis. 

study design

The clinical microbiology laboratory informed the investiga-
tors of each CDT-positive patient. Control patients consisted 
of patients who developed nosocomial diarrhea and had a 
stool sample sent for CDT, which turned out to be negative. No 
attempts were made to match study and control patients, except 
that the stool specimens had been tested on the same day. On 
the day of inclusion 2 ml of blood with EDTA was obtained for 
determination of PCT and C-reactive protein (CRP), simulta-
neously with blood samples drawn for clinical purposes.

laboratory Methods

Stool specimen assessment for CDT was performed by the 
ELISA method for toxin detection (C. DIFFICILE TOX A/B II™ 
T5015 TechLab® (Techlab, Inc., USA) until the middle of 2013, 
and then the procedure was changed according to current guide-
lines [16] to combined glutamate dehydrogenase (GDH) and 
toxin A/B screening method (C DIFF Quick Check Complete®, 

Alere™ (Techlab, Inc., USA). Study patients were both GDH 
and toxin A/B positive, while control patients were GDH nega-
tive. PCT was determined by chemiluminescence immunoassay 
(CLIA) according to the manufacturer's instructions (Liaison 
Brahms PCT, Brahms Diagnostica, Berlin, Germany). CRP was 
determined with the immune nephelometric method accord-
ing to the manufacturer's instructions (Behring Diagnostics Inc, 
Westwood, MA, USA). This project was approved by the ethics 
committee of Shaare Zedek Medical Center.

data processing

Demographic, clinical and microbiological data were entered 
into an Excel spreadsheet (version 2010, Microsoft, Redmond, 
WA, USA). Statistical analysis was performed using SPSS soft-
ware (SPSS Inc., version 20, Chicago, IL, USA). For categori-
cal variables we used chi-square analysis or Fisher's exact test, 
as appropriate. For continuous variables we used t-tests or 
non-parametric tests as needed. When necessary, the Mann-
Whitney test was used. To rule out a possible association 
between various background conditions and the presence of 
CDC, the odds ratio, confidence interval and statistical signifi-
cance were calculated. Multivariate regression was performed, 
first forced background variables were introduced and then 
clinical variables approaching a significance threshold of P < 
0.05 were implemented. 

results
The study comprised 50 consecutive patients who developed 
diarrhea during hospitalization, including 25 patients whose 
stool specimen was CDT positive (study group) and 25 patients 
whose samples were CDT negative (controls). Table 1 shows 
the baseline demographic and clinical data of both groups. 
There were no significant differences between the two groups.

Table 2 presents the follow-up clinical and laboratory data 
of these patients. CDT-positive patients experienced a longer 
period of diarrhea (P = 0.001), higher leukocyte count (P = 
0.004), and a more significant left shift (P = 0.001). CRP level 
was higher in the study group than the control group (P = 
0.028). PCT level was higher in the study group than the con-
trol group (P = 0.102); however, a level > 2 ng/ml was found 
in 7/25 (28%) CDT-positive patients, compared to 1/25 (4%) 
of the CDT-negative ones (odds ratio 9.33, 95% confidence 
interval 0.98–220, P = 0.049). The in-hospital mortality rate 
was 12/25 (48%) vs. 5/25 (20%) in the study and control 
groups, respectively (P = 0.04). The PCT level was higher in 
CDT-positive compared to CDT-negative patients for short (≤ 
7 days), medium (8–14 days) or longer (≥ 15 days) duration of 
hospitalization (P = NS, Table 2). 

Table 3 presents the multivariate analysis. Except for the 
duration of diarrhea and left shift of peripheral leucocytes, 
there were no independent predicting factors for CDT.

table 1. Baseline demographic and clinical characteristics of patients and controls 
who developed diarrhea in the hospital

P 
value95%ci

odds ratio 
univariate

clostridium  
difficile toxin

clinical characteristics
negative
n=25 (%)

Positive
n=25 (%)

0.1340.99–1.091.0475 ± 1781 ± 10Age (year), mean ± SD

0.3840.19–1.900.599 
11 (44)
14 (56)

 
8 (32)
17 (68)

gender
Male
Female

 
1.00
0.247
1.00
0.349
0.189

 
0.31–4.81
0.55–29.77
0.22–9.17
0.01–2.21
0.01–1.17

 
1.21
3.63
1.40
0.22
0.17
 

 
7 (28)
2 (8)
3 (12)
4 (16)
5 (20)
4 (16)

 
8 (32)
6 (24)
4 (16)
1 (4) 
1 (4)
5 (20)

admission diagnosis
LRTI*
Sepsis
Soft tissue infection§

UTI
Gastrointestinal#
Other

0.8960.97–1.041.0021 ± 422 ± 3Duration of hospitalization (Mean ± SE)

0.2170.09–1.550.3810 (40)5 (20)Abdominal pain

0.3640.12–1.870.4719 (76)15 (60)Protein pump inhibitors

*Includes pneumonia, infected bronchiectases 
§Soft tissue infection includes cellulitis, infected decubitus ulcers and ischemic legs
#Includes Crohn's disease and acute gastroenteritis
LRTI = lower respiratory tract infection, UTI = urinary tract infection, CI = confidence interval, 
SD = standard deviation, SE = standard error



Original articles

 315

IMAJ • VOL 19 • may 2017

As expected, CRP was higher in CDT-positive than CDT-
negative patients. This reflects the fact that patients with noso-
comial diarrhea and positive CDT results have a condition 
with high inflammation markers, as compared to patients with 
nosocomial diarrhea secondary to other conditions such as 
osmotic diarrhea (due to tube feeding) or drug induced diar-
rhea. These causes are not expected to significantly increase 
CRP levels. 

study liMitations

Our study has several limitations. First, the sample size was 
small. The study was defined as a pilot study because in the 
absence of information about PCT in the context of CDT it 

table 2. Clinical and laboratory characteristics of patients and controls with 
nosocomial diarrhea pertaining to the diarrheal episode

P 
value95%ci

odds 
ratio 
univariate

clostridium difficile toxin

variables
negative
n=25 (%)

Positive
n=25 (%)

0.6970.73–1.601.083 ± 23 ± 1No. of diarrhea/day 

0.0011.30–2.981.973 ± 16 ± 4Duration (days) of diarrhea

0.8770.60–1.811.0437.5 ± 0.937.5 ± 1.0Temperature, max (oC)

0.0041.99–1.531.299.9 ± 420.3 ± 15WBC, max, x103/μl

0.0011.05–1.251.1573 ± 983 ± 8PMN, %

0.0281.01–1.251.136.6 ± 4.810.9 ± 7.4CRP, range 0–0.5 mg/dl

0.102
0.049

0.86–5.16
0.98–220.62

2.11
9.33

0.3 ± 0.5
20 (80)
4 (16)
1 (4)

4.4 ± 10.9
13 (52)
5 (20)
7 (28)

Pct, mean ± sD 
≤ 0.5 
0.6–1.9
≥ 2

0.416
0.500
0.265

0.39–7.01
0.61–3.26
0.70–3.69

1.65
1.41
1.61

0.16 ± 0.14
0.42 ± 0.56
0.32 ± 0.65

3.79 ± 3.44
7.95 ± 16.58 
1.75 ± 3.29

Pct, mean ± sD and duration of 
hospitalization:
≤ 7 days (0.89 ± 1.98)
8–14 days (5.50 ± 13.77)
≥ 15 days (1.04 ± 2.43)

CRP = C-reactive protein, PCT = procalcitonin, normal < 0.5 ng/ml, PMN = polymorphonuclear 
white blood cells, WBC = white blood cells, CI = confidence interval, SD = standard deviation

table 3. Forward conditional logistic regression predicted 
Clostridium difficile toxin 

P  
value

odds
ratio#

Degrees of 
freedom

standard 
error B* 

 

0.1331.062.260.0400.060Age

0.1880.2391.741.09-1.43Gender

0.8950.9960.0170.031-0.004Duration of admission

0.0192.155.510.3270.767Duration of diarrhea

0.8900.9510.0190.359-0.050No. diarrhea/day

0.0141.206.050.0730.180PMN

0.011NS6.478.38-21.3Constant

*B = gross regression co-efficient
#Odds ratio, univariate CDT
PMN = polymorphonuclear white blood cells 
NS = not significant 

Discussion
PCT has been a focus of intense research for more than a decade 
and has demonstrated diagnostic value for various clinical situ-
ations such as exacerbation of chronic obstructive pulmonary 
disease, pneumonia and other bacterial infections [7,8].

Our study comprised 50 patients who developed diarrhea 
during hospitalization, including 25 study patients whose 
stool specimen was CDT positive and 25 control patients who 
tested negative for CDT; baseline demographic and clinical 
characteristics were similar. Our main findings showed that the 
study patients had a considerably longer duration of diarrhea, 
a higher white blood count, and a more significant shift to the 
left of peripheral leucocytes (P < 0.05). In addition, the CRP 
level was higher in the CDT-positive than CDT-negative group 
as was the absolute PCT value, but the difference did not reach 
statistical difference. PCT levels were higher in CDT patients 
than controls, not reaching statistical significance. However, 
7 patients (28%) in the CDT-positive group reached a PCT 
level > 2 ng/ml (a value considered to predict the presence of a 
bacterial infection) compared to only one patient (4%) in the 
control group (P = 0.049). This result indicates that some of 
the patients with CDT-positive nosocomial diarrhea had high 
levels of PCT. It should be noted that in this small study, high 
PCT levels did not predict mortality. 

Recently it has been shown that PCT levels may reflect 
severity of CDC [11]. One study included 69 patients with 
diarrhea and a diagnosis of CDC and showed that high levels 
of PCT correlated with disease severity [11]. In patients with 
a low-PCT level (< 0.2 ng/ml), the risk of severe disease was 
exceedingly low. In the second study, which evaluated the cor-
relation between PCT level and severity of CDT infection, the 
authors used a PCT level of > 0.5 ng/ml as a marker of severity. 
They demonstrated a specificity of 86%, a sensitivity of 88%, a 
positive predictive value of 94% and a negative predictive value 
of 75% [12]. In our study, we used a similar cutoff (< 0.5 ng/
ml) and found that a low-PCT level occurred in 11 (44%) of 
the CDT-positive group compared with 18 (72%) in the con-
trol group (P = 0.04). Our study has the additional strength of 
having a control group. A third study assessed the efficacy of 
PCT in a variety of infections, including seven patients with 
CD infection [13]. These patients surprisingly had a mean PCT 
level of 47.2 ng/ml, which is much higher than encountered in 
our study. This difference could indicate a higher disease sever-
ity or presence of a concomitant infection. A recent study of 
64 patients, including 44 with a PCR-positive test for CDT and 
20 PCR-negative patients found that the median PCT levels in 
CDT-positive patients did not significantly differ from that in 
CDT-negative patients (P = 0.08), similar to our findings [14]. 
However, we stratified the PCT levels and demonstrated that 
a high level (> 2 ng/ml) significantly correlates with presence 
of CDT infection [Table 2]. 
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was impossible to determine an adequate sample size that 
could have led to statistical significance. Based on the results 
of this study, a larger study including 40 to 50 patients in each 
arm may lead to a statistically significant differences between 
CDT-positive and CDT-negative groups. The second limitation 
refers to a more fundamental issue. Some or even most of the 
included patients with nosocomial diarrhea may harbor active 
concomitant diseases that can potentially increase the level of 
PCT. However, rates of evaluated co-morbidities were similar 
in both groups. Third, at the time the study was initiated, CDT 
was tested with the toxin enzyme immunoassay. The enzyme 
immunoassay alone has a high specificity rate (up to 99%), but 
a low sensitivity rate (73%) [17,18]. During our study, the rou-
tine methodology for testing CDT followed existing guidelines 
[19]. The current method includes the addition of the GDH 
enzyme immunoassay and in case of discrepancy (i.e., positive 
GDH and negative toxin test) a PCR for CDT toxin. This com-
bination substantially improves sensitivity of CDT detection. 
Therefore, the use of the enzyme immunoassay (in the first half 
of the study) for detection of CDT-positive patients could have 
inadvertently led to inclusion of false-negative patients in the 
control group. Of the 25 patients in the control group, 10/13 
patients tested by the previous method for CDT detection had 
a PCT level ≤ 0.5 ng/ml and 3/13 had a level of 0.6–1.9; while 
10/12 tested by the current methodology for CDT detection 
had a PCT level ≤ 0.5, 1/12 had a level 0.6–1.9, and 1/12 had a 
level > 2. Therefore, it seems highly unlikely that inclusion of 
a CDT false-negative patient in the control group would have 
led to different PCT results in the two study arms. 

PCT is being introduced in many clinical laboratories 
because of its usefulness in diagnosing the presence or absence 
of a bacterial infection and, consequentially, for the initiation 
of antimicrobial therapy. At a cost of about 10 NIS/test it is one 
of the least expensive laboratory tests. Our data support testing 
for PCT in patients with nosocomial diarrhea as additional 
evidence for severity of CDT. 

conclusions

Patients with C. difficile colitis more often have a have a higher 
(> 2 ng/ml) PCT level than do patients with CDT-negative 
nosocomial diarrhea. More research is necessary before PCT 
can be considered a reliable test for differentiation between 
these patients.
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