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Abstract
Objective 

The diagnosis of inflammatory bowel disease (IBD), as well as the evaluation of disease 
activity, can be challenging. The aim of the study was to evaluate the significance of one-
step card tests for fecal calprotectin (FC) and fecal lactoferrin (FL) in patients with IBD.

Material and methods: We have examined fecal samples for FC and FL obtained from 
29 patients with IBD (15 with ulcerative colitis - UC and 14 with Crohn’s disease - CD) and 12 
healthy individuals. A qualitative one-step card test was used for each marker.

Results: We obtained a sensitivity of 72.4% and 44.8%, for FC and FL, respectively, and 
positive predictive value (PPV) of 100% for both tests, and negative predictive value 
(NPV) 60% and 42%, respectively. We found a correlation between the disease activity 
of CD patients and FC level (p = 0.024, r = 0.583) with Likelihood Ratio (LR) 4.31 (p = 
0.038). FC demonstrated also association with platelet count (p = 0.007), serum iron (p 
= 0.031) and disease duration (p = 0.027), whereas FL showed association with platelet 
count (p = 0.001), CRP (p = 0.023) and presence of complications (p = 0.017).

Conclusion: The one-step card test for fecal markers is useful in the diagnosis of 
IBD, although FC showed better performance than FL. However, both markers are 
useful in clinical practice where FC can assess the severity of CD, while FL is elevated 
in complicated IBD.

Keywords: Fecal markers; Fecal calprotectin; Fecal lactoferrin; One-step card test; 
Intestinal inflammation; Mucosal inflammation; Inflammatory bowel disease; Ulcerative 
colitis; Crohn’s disease

Introduction
Any inflammation, including in chronic inflammatory bowel disease (IBD), begins as 

acute inflammation which regardless the underlying causes two major effects on 
microcirculation - exudation of fluids and extravasation of polymorphonuclear cells 
(mainly neutrophils) [1]. In the presence of upregulated adhesion molecules on endothelial 
cells, the chance that inflammatory cells will migrate to the sites of local intestinal 
inflammation increases. Once in the tissues, neutrophils begin to perform phagocytosis 
accompanied by marked oxygen consumption in a process called a “respiratory burst”. 
Typically, acute inflammation subsides within hours to days as well as the neutrophils are 
living [1]. Neutrophils are a major source of both calprotectin and lactoferrin - cytosolic 
proteins that are secreted in acute inflammation. During intestinal inflammation, both 
markers could be found into the lumen of the gastrointestinal tract. Fecal calprotectin has 
a bacteriostatic and fungistatic effect by inhibiting the binding and internalization of 
bacterial agents [2], and lactoferrin acts toxic directly on microorganisms [3]. Fecal 
biomarkers for the evaluation of intestinal inflammation are increasingly used in 
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gastroenterological practice in terms of their bowel specificity. 
Such markers associated with inflammation are calprotectin 
(FC), lactoferrin (FL), fecal S100A12, lysozyme, leukocyte 
esterase, elastase, and others [4].

Calprotectin was described by Fagerhol et al. in 1979 as a 
heterodimeric protein composed of two small anionic proteins 
(MRP8 and MRP14) belonging to the family of calcium-binding 
proteins [5]. Calprotectin accounts for up to 60% of neutrophil 
cytosolic proteins, with low concentrations found in both 
monocytes and activated macrophages, and absent in platelets 
and lymphocytes [6]. It is expressed on the surface of the cells 
or inside the squamous epithelium of the mucosa and the skin. 
Its bacteriostatic and fungistatic effects are associated with 
inhibiting the penetration of bacterial agents [5]. Epithelial cell 
lines that consistently express calprotectin are less susceptible 
to pathogens such as Listeria and Salmonella [6]. The 
determination of FC reflects indirectly the activation of 
granulocytes and their influx into the intestinal lumen [7]. The 
study of the FC allows diagnosing Crohn’s disease (CD), 
especially when the affected area of the gastrointestinal tract 
is unapproachable for endoscopic examination [8].

Another fecal marker useful in IBD management is fecal 
lactoferrin (FL). Lactoferrin is a protein belonging to the 
transferrin family - glycoproteins that bind iron. It consists of a 
single polypeptide chain with a molecular weight of 78 kDa, 
secreted into the secondary granules of neutrophils [3]. It is 
found in almost all excretions - tears, nasal secretions, saliva, 
intestinal mucus and genital secretions. Lactoferrin is a 
significant component of the first line of protection in 
mammalians and its expression is increased in the respiratory or 
gastrointestinal systems in response to inflammatory stimuli or 
allergens [3]. Lactoferrin is a multifunctional protein with many 
physiological functions such as promoting the absorption of 
iron in the intestines and the growth of intestinal cells, possessing 
anti-inflammatory properties in the gastrointestinal tract and 
direct toxicity to microbial agents, regulation of myelopoiesis, 
stimulating the proliferation and differentiation of osteoblasts 
and inhibiting osteoclasts [9]. It is generally accepted that FL, 
similar to FC, reflects the activity of neutrophils and is a useful 
non-invasive marker of intestinal inflammation in IBD patients 
[10]. Commercial ELISA kits for FC and FL determination in feces 
are available, but there are also rapid tests [11, 12].

The aim of the present study was to compare PK and FL, 
tested with a test-plate method, as indicators of intestinal 
inflammation.

Materials and methods
Subjects of the study

The study included 29 individuals with IBD clinically, 
histologically and endoscopically proven diagnosis according 
to the ECCO Consensus Diagnostic Criteria for BC (2010) and 
EC (2012) A control group of 25 persons without IBD and no 
data on other intestinal or extracurricular severe accompanying 
diseases were also recruited. Fifteen patients were with 
ulcerative colitis, UC, and fourteen - with CD. The mean age of 
the patients was 41 ± 4 years and the male:female ratio was 

1:1. The overwhelming proportion of the patients (78.7%) was 
at a stage of activity, assessed by Crohn`s disease activity 
index, CDAI, for CD patients, and Mayo score for UC patients). 
The newly diagnosed were 23.4% of the IBD patients. No 
complications were observed in 62% of the patients, whereas 
in 38% of them was described at least one complication (i.e., 
fistulae, structures, etc.).

Specimen collection and preparation
The fecal samples were collected in chemically pure 

containers, and stored at -20°C according to the requirements 
of good laboratory practice and the commercial kit 
instructions. Before being tested, samples were thawed 
completely at room temperature.

Immunological testing
FC was determined by a ready-to-use One-Step Card 

CerTest Calprotectin (CerTest Biotec, Spain) and FL - by One-
Step Card CerTest Lactoferrin (CerTest Biotec, Spain). Determining 
FC and FL by one-step card test is a rapid qualitative method 
with low complexity allowing measurement of a single sample 
fast and on the patient bench side. The method is a one-color 
colorimetric assay with a test plate preloaded with antibodies 
against human FC or FL, respectively (Figures 1a and 1b).

A B

Figure 1. Test Plate for Determination of Fecal Calprotectin (A) and 
Fecal Lactoferrin (B). There are a control “C” line (red) and a test “T” 

line (green for FC and red for FL).

The tests were carried out according to the manufacturer’s 
instructions. A right extendable sensitivity of the two tests 
was 50 mg/kg. If a strip is not displayed in the T region, the 
test is negative.

Statistical analysis
We statistically analysed the row data using parametric 

and non-parametric tests (Software Package for Statistical 
Analysis SPSS®, v.19 (IBM). In addition, differences were 
considered statistically significant at p < 0.05.

Results
FC and FL were determined in stool samples of 29 patients 

with IBD (Table. 1).

Table 1. Fecal calprotectin and lactoferrin determined by one-step 
card test in different studied subjects. The results are presented as 

number (%) of persons.

 Patients with IBD
n = 29

Patients with UC
n = 15

Patients with CD
n = 14

Healthy individuals
n = 12

FC (+) pos. 21 (72.4%) 9/15 12/14 0
FC (-) neg. 8 (27.6%) 6/15 2/14 12/12
FL (+) pos. 13 (44.8%) 7/15 6/14 0
FL (-) neg. 16 (55.2%) 8/15 8/14 12/12

IBD - chronic inflammatory bowel diseases, UC - ulcerative colitis; CD 
- Crohn’s disease
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We did not find a positive FC result in any of the healthy 
individuals, whereas positive for FC were found 21 out of 29 
patients with IBDD (72.4%). Among them, 12/14 of patients 
with CD were positive for FC, compared to 9/15 of patients 
with UC. Less than a half of the patients with IBD were positive 
for FL - 13 out of 29 (44.8%). None of the healthy individuals 
were positive for FL. The diagnostic sensitivity and specificity 
of the FC and FL, as well as the positive predictive value (PPV) 
and negative predictive value (NPV), calculated according to 
the corresponding formulas, are presented in Table 2.

Table 2. Comparison of one-step card tests for fecal calprotectin 
and fecal lactoferrin in patients with inflammatory bowel disease

 Fecal calprotectin Fecal lactoferrin

Diagnostic sensitivity

IBD 72,4% 44.8%
UC 60% 46.7%
CD 85.7% 42.9%
Manufacturer 94% -

Diagnostic specificity

IBD 100% 100%
UC 100% 100%
CD 100% 100%
Manufacturer 93% 92%

PPV
IBD 100% 100%
UC 100% 100%
CD 100% 100%

NPV
IBD 60% 42%
UC 66.7% 60%
CD 85.7% 60%

The diagnostic specificity of the FC was 100% due to the 
fact that none of the healthy individuals were positive for FC. 
The diagnostic sensitivity of the test for determining the 
patients with UC was 60%, for the patients with CD it was 
higher - 85.7% respectively, and for IBD was 72.4%. PPV of 
100% indicated the high probability for IBD diagnosis in 
patients who have shown a positive result for FC. NPV of 60% 
for IBD indicated that the negative result did not exclude the 
diagnosis of IBD. NPV of FC was higher for CD patients. This 
indicated that a negative result in an individual most likely 
excluded the possibility of a patient having CD.

The diagnostic specificity of the FL was 100%. Diagnostic 
sensitivity for IBD patients, as well as for patients with UC and 
CD, was low - less than 50%. The PPV value of 100% indicated 
high ability patients with IBD and positive result for FL score 
to have this disease. The low NPV of 42% for IBD indicated 
that the negative result did not exclude the diagnosis of IBD. 
This value was 60% for UC and CD.

The diagnostic sensitivity of FC was shown to be 
significantly higher than that of FL, for IBD, as well as for UC 
and CD. Both FC and FL showed specificity and PPV of 100%. 
NPV value was lower for FL, indicating the weakness of the 
marker for IBD diagnosis exclusion when the result is negative.

Regarding the clinical significance of FC and FL, we 
performed statistical analyzes for the presence of associations 
between the fecal markers and some laboratory parameters, 
clinical characteristics of the patients, as well as the activity of 
the diseases assessed by the corresponding Mayo score and 
CDAI indexes.

We have had a significant relationship between the 

duration of the disease in years and the presence of FC (r = 
0.369, p = 0.027). Patients positive for FC had a longer duration 
of the disease than those who are negative for FC. The 
observed correlation was evaluated as mild to moderate 
(correlation coefficient r = 0.369). We also found that the 
presence of complications (intestinal and/or extraterrestrial) 
correlates moderately (r = 0.395) with the FC levels - patients 
who were positive for FC showed more frequent complications. 
We also obtained a significant association between FC levels 
and the type of treatment with the highest levels of FC 
observed in patients without therapy (p < 0.01).

We documented an association between FC levels and 
the following laboratory parameters in IBD patients: C - 
reactive protein, hemoglobin, ESR, albumin, leukocyte count, 
platelets count, and serum iron. Elevated FC levels correlated 
significantly with increased platelet counts in patients with 
IBD, as well as in patients with UC and CD. Elevated levels of 
FC showed an inverse correlation with the serum iron level (p 
<0.05), and a correlation with the ESR (p <0.05).

Associations between FL levels and the duration of the 
disease (in years) (r = 0.553), the presence of complications, 
and the therapy being conducted at the time of collection of 
the biological material were observed. FL-positive patients 
also had higher C-reactive protein (p = 0.023), hemoglobin (p 
= 0.056) and platelet counts (p = 0.001) compared to patients 
who were negative for FL.

We found no significant relationship between the disease 
activity, both in the UC and CD, and the FL levels .The 
calculated Likelihood ratio (LR) = 2.73 (p> 0.05) for UC, as well 
as LR = 0.071 (p> 0.05) was also not statistically significant. An 
association with disease activity was observed only for FC in 
CD patients (r = 0.583, p = 0.024; R 4.319, p = 0.024).

The two quality tests for FC and FC showed congruent 
results which correlated moderately (Cramer’s coeff - 0.552, p 
<0.05).

Discussion
In order to reduce the time for diagnosing IBD and reduce 

the number of invasive studies, research has been urged to 
seeking simple, non-invasive, fast, cheap, and reliable 
methods of assessing intestinal inflammation and mucosal 
recovery after successful therapy. Of the markers studied in 
recent years, the most promising were the FC and FL derivated 
from the neutrophils [13]. The intestinal presence of fecal 
markers of inflammation is readily available and reliable 
because the intestinal contents are in constant and close 
contact with the intestinal walls where the neutrophils are. If 
the mucosa is inflamed, FC, FL and other inflammatory cell 
products can easily pass from the mucosa to the intestinal 
contents and could be measured in stool samples [13]. In 
practice, simpler, faster and easier methods for identifying 
both FC and FL are being introduced [14].

Meta analyzes from different studies documented 
average values   of 89% (70-100%) for PPV and 81% (51-91%) 
for NPV in diagnosis of IBD patients [15-23]. Our results for 
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PPV and NPV of FC and FL fit within the leading world research. 
Moreover, our results, consistent with those in the literature, 
showed that FC was a sensitive, but not completely specific 
marker of intestinal inflammation. FC is not a disease-specific 
indicator because an increase can be observed in any 
gastrointestinal state where neutrophils are abundant in the 
intestinal mucosa. However, it remains the best marker for the 
detection of inflammation in the gastrointestinal tract up to 
date.

We found significantly higher FC levels in IBD patients 
without therapy (p <0.01). In our study, we obtained a 
significant correlation between FC levels and platelet counts. 
Numerous authors report such correlation regardless of the 
duration or form of the disease [21]. A possible explanation 
lies in the recently published data on various hemostasis 
disorders in patients with inflammatory conditions. This raises 
the issue of underestimating the platelet count as a useful 
marker of active inflammation [21].

FC levels showed a correlation with serum iron (p <0.05) 
and ESR (p <0.019). We did not observe a correlation between 
FC levels and the serum marker for inflammation C- reactive 
protein and the leukocyte count in IBD patients, unlike other 
authors who establish such correlation [20-23].

Most authors have established correlations between FC 
levels and activity in UC and CD patients [25,26]. We found 
increased FC in patients with active disease, calculated by the 
respective scores. For both forms of IBD, FC was positive for 
the majority of the patients with disease activity. All patients 
with remission were found negative for FC, whereas 33% of 
the CD patients in remission were positive for the FC. All CD 
patients in activity were positive for FC, but one-third of the 
patients with UC and active disease were found negative for 
FC. These versatile data showed us that FC can be positive for 
patients both in activity and in remission, but it may also be 
negative in both cases, which should be considered. A 
significant correlation between FC levels and disease activity 
was found only for CD patients (p = 0.024 and LR = 4.319, p = 
0.038), which suggested that the positive outcome for FC 
correlated with great certainty with disease activity. For 
patients with UC, we did not find a correlation between FC 
and disease activity, as well as Kolho et al., did not report such 
observations [11].

Lactoferrin is another protein released by neutrophils that 
can be found in the intestinal contents. FL is less studied than 
the FC. According to the literature, the sensitivity of FL for IBD 
is between 67-87%, the specificity - between 85-100%, PPV - 
87-100%, NPV - 77-87% [10,13,18]. It is noteworthy the lower 
sensitivity we have received for patients with UC and CD (less 
than 50%). Probably this is related to the fact that we used a 
quality one-step card test method, and the published results 
were obtained mainly by ELISA methods. In spite of the 
negative results for FL, FL may be useful in the detection of 
intestinal inflammation. Furthermore, we found some 
associations of FL with clinical and laboratory results, as well 
as the activity of IBD patients. We confirmed that the presence 
of complications correlated moderately with the presence of 

FL in the feces (r = 0.553), i.e. patients with higher levels of FL 
had more frequent complications. A positive significant 
correlation was found between PF and C-reactive protein 
levels (p <0.05), hemoglobin (p = 0.054) and platelet count (p 
<0.01). In the literature, there is scarce data only for 
correlations between FL and CRP [21,23].

When we divided the patients with UC and CD into those 
with activity and those with remission, we again received 
mixed data on the FL positivity, similar to the data for FC. In 
both diseases at active state only about half of the patients 
were positive for FL. All patients with UC who were in remission 
were negative for FL, whereas 33% of CD patients in remission 
were positive for FL. Several studies have shown a significantly 
higher FL in an active disease than in remission [10,26-28]. 
According to these researchers, FL can be used to measure 
disease activity in IBD patients as well as to predict 
exacerbations. We believe that the observed discrepancy with 
our results may be related to the relatively small number of 
IBD patients studied and the different methods for detection 
of the fecal markers.

Since FL was a less studied marker, we compared its 
clinical significance with the more well-established FC. 
Diagnostic sensitivity of FC was shown as significantly higher 
than that of FL, both for IBD and for distinct UC and CD. Both 
tests showed specificity and PPV of 100%. NPV values were 
lower for FL, indicating the weakness of FL for exclusion IBD 
diagnosis in test subjects.

However, the two markers FC and FL correlated 
moderately in our study (Cramer’s coeff 0.552, p <0.05), which 
was also found by two other groups of investigators who did 
similar comparative studies on the two fecal markers 
[22,29,30].

Based on our comparative studies, the FC test showed 
better performance than the FL test. The publications 
comparing the two markers are scarce and often controversial, 
with conflicting results. Some studies conclude that the two 
fecal markers are equivalent in their ability to detect intestinal 
inflammation [18,19], while other studies, as well as ours, 
consider FC to be superior to FL [31]. Only a few studies 
demonstrate the greater accuracy of FL in distinguishing IBD 
patients from healthy subjects [32]. An interesting study by 
Langhorst et al. revealed a greater sensitivity of FC for 
detecting CD patients (81.4%), while FL - greater sensitivity 
(83.3%) for UC patients [30]. We found a higher sensitivity of 
FC to determine the patients with both diseases – UC and CD, 
compared to FL. In the literature, there is evidence of the 
importance of FL in distinguishing patients with active IBD 
from those with irritable bowel syndrome, IBS [33]. In IBS, LF 
levels are close to those of healthy controls, and in case of gut 
infections, they are moderately elevated [34]. Furthermore, FL 
is involved in the modulation of mucosal intestinal 
inflammation, as well as other not yet fully understood 
immunoregulatory functions [35].

This study has some limitations. The small size of the 
study population might have failed to detect substantial 
alterations of the results. However, it needs to be stressed 



International Journal of Biotechnology and Recent Advances

16Int J Biotechnol Recent Adv.
ISSN: 2639-4529

Volume 1 • Issue 1 • 1000103

that the results of this study corroborated that of other recent 
studies, and further follow-up of the study cohort is necessary 
to assess any long-term usefulness of these methods.

Conclusion 
In conclusion, we can summarize that FC and FL are 

relatively well-documented biomarkers of neutrophil 
inflammation of the intestines. They are suitable screening 
markers for identifying patients to be directed to a subsequent 
endoscopy for further evaluation of the disease. FC and FL 
correlate with disease activity in UC and CD, as well as they 
are promising indicators for mucosal healing and monitoring 
the effect of the applied therapy.

Based on our studies, FC showed better characteristics 
than FL, but both tests correlated with different clinical and 
laboratory parameters and can be used in a combination for 
a better description of the patients.
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