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Abstract
Calprotectin is a positive acute-phase protein participating in innate immune responses and inflammatory processes. This pro-
tein is produced mainly in neutrophils, which infiltrate inflamed tissues and then increase the level of calprotectin in plasma, 
urine, or body secretions. Its measurement is used in the diagnosis of many inflammatory diseases of the gastrointestinal 
tract. Here, we reviewed the studies evaluating the utility of calprotectin when the patient is suspected of acute appendicitis, 
one of the most common causes of abdominal pain. Fecal and serum calprotectin provide clinicians additional information 
as compared to routinely performed laboratory analyses. Moreover, among all forms of the protein, the fecal calprotectin 
seems to be a particularly promising biomarker due to its high resistance to degradation in the stool. In the future, innovative 
methods in the form of neural networks may play a valuable role in developing such panels. These findings are important 
because current literature showed that sensitive and specific markers of acute appendicitis are still urgently needed.
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Introduction

Calprotectin (CP) is a small acidic protein belonging to the 
S100 family whose members comprise pseudo-EF-hands 
to coordinate Ca2 + ions. CP is a heterodimer consisting 
of MRP8/S100A8 and MRP14/S100A9 subunits contain-
ing iron, manganese, zinc, and calcium-binding sites [1]. 
CP is not only expressed mainly by neutrophils, but is also 
produced in monocytes and macrophages [2]. The metal-
binding properties of CP lead to its antimicrobial functions 
in the nutritional immunity mechanism. The chelation of 
zinc and manganese reduces the microbial access to these 
valuable nutrient sources. On the other hand, recent obser-
vations provided novel insight into the microbicidal action 
of CP, which may be partly independent of metal bioavail-
ability [3].

Extracellular CP plays a role in the innate immune sys-
tem as one of the damage-associated molecular patterns 
(DAMPs), also called alarmins. These structures are recog-
nized by receptors expressed on cells involved in nonspecific 
defense mechanisms, which initiate inflammation [4]. The 
role of CP in inflammation involves numerous mechanisms. 
It activates the NF-κB pathway, induces antinociceptive 
effect, inhibits immunoglobulin synthesis, and is a chemot-
actic factor for macrophages and neutrophils. What is more, 
the cell death-inducing activity of CP is also observed [5]. 
CP is one of the positive acute-phase proteins, so its con-
centration is increased in inflammatory sites. It is found not 
only within a cell but also in plasma, urine, and body secre-
tions [6]. Upregulated CP appears in numerous pathologi-
cal states, such as acute respiratory infections, rheumatoid 
arthritis, cystic fibrosis, multiple sclerosis, and inflammatory 
disorders affecting the gastrointestinal (GI) tract. The lat-
ter are characterized by an elevated level of CP especially 
in the stool. This fact becomes the subject of research on 
acute appendicitis (AA) diagnosis, in which CP may have a 
potential clinical application.
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Increased Level of Fecal Calprotectin 
in Gastrointestinal Disorders

During the inflammation of the intestinal tissue, the 
mucosal layer becomes more permeable. Moreover, when 
the intestine is infected, bacterial components act as stim-
uli for the release from immune cells. These reasons may 
contribute to the migration of neutrophils and the follow-
ing secretion of CP into the fecal matter, which is then 
named fecal calprotectin (FC) [7]. It is highly resistant to 
degradation by bacteria and pancreatic or intestinal pro-
teases. In addition, CP is stable for at least a week at room 
temperature and can be easily quantified by enzyme-linked 
immunosorbent assay (ELISA) [8]. Moreover, the main 
advantage of FC is direct contact with the mucosa that 
allows it to detect intestinal inflammatory conditions far 
more precisely than biomarkers measured in serum [9]. 
Taking it into consideration, FC is an excellent noninva-
sive biomarker of intestinal inflammation in some GI dis-
eases. Among the disorders affecting the GI tract, inflam-
matory bowel diseases (IBD) are of particular importance 
in the context of the FC level. Two predominant types of 
IBD (Crohn’s disease (CD) and ulcerative colitis (UC)) are 
characterized by chronic and relapsing intestinal inflam-
matory lessions  [10]. The diagnosis of IBD involves 
biopsy and endoscopic examination; however, these pro-
cedures are unpleasant, have a risk of complications, and 
require a lot of commitment from medical staff. To limit 
the use of colonoscopy, non-invasive markers of intestinal 
inflammation were sought. One of them is FC with reliable 
clinical sensitivity and specificity [11]. The designation of 
its levels allows us to select patients who are more likely 
to need a colonoscopy and to distinguish IBD from func-
tional diseases, such as irritable bowel syndrome (IBS). 
As a result of this approach, the number of colonoscopies 
performed in patients without IBD is minimized [12]. 
The percentage of false-negative FC is only about 6–8%. 
Moreover, it was shown that FC is an excellent tool to 
estimate endoscopic activity of IBD [13]. Therefore, FC 
seems to be a reliable marker for predicting mucosal heal-
ing and, on the other side, for relapse of IBD [14, 15]. FC 
is also overactive during the course of other GI diseases. 
Its higher concentrations are found in samples of colorec-
tal cancer (CRC) and adenomas. Currently, the measure-
ment of FC may be used as a screening for CRC. Unfor-
tunately, the results of updating meta-analysis from 2018 
do not recommend the use of FC as a lone screening tool 
[16]. However, FC seems to have application in diagnosing 
and monitoring of diverticulitis and microscopic colitis 
(MC) [17]. These numerous clinical applications have led 
to further hypotheses linking the use of FC in inflamma-
tory disorders of the GI tract. Currently, it is subject to 

considerable debate whether FC levels help diagnose the 
most common cause of abdominal surgical intervention, 
acute appendicitis (AA).

Methods

Searching Strategy

A systematic literature search was carried out to identify 
all original studies that analyzed the role of both fecal 
and serum calprotectin in management of adult patients 
with AA.

The systematic literature search involved the following 
databases: OVID MEDLINE and EMBASE. The search 
query consisted of the combination of the following key-
words: “fecal calprotectin,” “calprotectin,” “MRP8/14,” 
“S100A8/9,” “acute appendicitis,” “gastrointestinal.” 
Results were limited to relevant papers published in Eng-
lish in 2012–2021. The first search was performed on 2 
February 2020, and the search was updated on 11 October 
2020, with a final revision on 9 November 2020.

Study Selection and Risk of Bias

The references in all the included studies were reviewed 
for more eligible articles. Each article was reviewed inde-
pendently by three researchers (AM, JF, MW) for inclu-
sion according to the inclusion and exclusion criteria, 
which follow. Disagreements regarding article selection 
were resolved through discussion until consensus was 
reached or resolved by discussion between authors LD 
and MW. Case series studies on accrual/historical adult 
patient records were included. Conference abstracts were 
excluded. Articles were also excluded if they were not in 
English, or the studies were preclinical research or com-
mentaries. A standardized form was used to extract data 
from the included studies. Extracted details were study 
population and demographics, details of interventions and 
controls, study methodology, and information to assess 
bias. Data extraction was performed independently by four 
authors, and discrepancies were resolved through discus-
sion with the other co-authors (Fig. 1).

Outcome Assessment

The main outcome was the accuracy of both fecal and 
serum calprotectin in management of AA adult patients. 
In addition, eligible pediatric studies were referred to in 
“Discussion.”
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Ethical Considerations

Ethics committee approval was not required for this study 
because it was a systematic review. Patient consent was not 
required because no patients or patient-identifiable data were 
involved in the study.

Results

Acute Appendicitis

Acute appendicitis is one of the predominant indications 
for emergency surgery, with an estimated lifetime incidence 
of 7%. Contrary to other etiologies of acute abdomen, AA 
occurs more commonly in children and young adults than 
in elderly patients [18]. Despite a high rate of incidence, 
the satisfying diagnostic approach has not been established 
yet. In AA, it is indispensable to have a diagnostic tool with 
high sensitivity to perform the surgical intervention early 
and then to prevent perforation. In addition, a high specific-
ity is desirable to avoid unnecessary surgical intervention. 
To achieve this goal, clinical assessment, imaging strategies, 
and novel laboratory markers are used in daily clinical prac-
tice [19, 20]. The group of biomarkers includes white blood 
cell count (WBC), granulocytes, c-reactive protein (CRP), 
the proportion of polymorphonuclear cells, and the level of 
CP [21]. CP is overproduced during the course of AA as 
a consequence of high neutrophil recruitment to damaged 
mucosa of the appendix and thus has gained much interest 
in AA diagnosis [22].

Serum Calprotectin

What is worth noting is that the initial studies on the role 
of CP in AA were focused on the protein level in the serum 
(Fig. 2). They showed circulating form as a marker with 
high sensitivity but very low specificity rates (16–53, 6%) 
[23, 24]. Most findings suggested its poor discrimination in 
the form of the low area under the curve (AUC) values in 
receiver operating characteristic (ROC) curve analysis. Nev-
ertheless, the high sensitivity of CP could be helpful for cli-
nicians to avoid surgical intervention in case of false-positive 
diagnosis. In addition, the level of serum CP may be able to 
bring more information than WBC and CRP used in routine 
clinical practice, which is not strongly correlated. The results 
of already published studies do not provide consistent data 
on the correlation between CP and other biomarkers [25, 
26]. Handoffs note, the circulating protein in a single test 
is indicated as an excellent tool to identify complicated AA 
with necrosis or perforation, which requires clinical inter-
vention [26].

Fecal Calprotectin: Additional Opportunities?

The hypothesis concerning FC as a tool for AA diagnosis 
was suggested in 2016 [27]. In the case series study, the 
post-appendectomy tissues were obtained from patients 

Fig. 1  PRISMA flowchart of the systematic literature search and 
selection process. PRISMA, Preferred Reporting Items for Systematic 
Reviews and Meta-analyses

Fig. 2  A summary of information concerning the use of serum cal-
protectin (CP) in the diagnosis of acute appendicitis (AA). The bio-
marker provides high sensitivity but low specificity in adult screen-
ing. Considering pediatric studies, the APPY1 biomarker panel 
including serum CP is effective to identify the patients at low risk for 
AA. Moreover, it is helpful to distinguish complicated from uncom-
plicated AA in non-adults
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suspected of AA and then the expression of CP was meas-
ured by immunohistochemistry assay. The assessment of 
the immunostaining contained both epithelial and inflam-
matory cells of the vermiform appendix. These methods 
led to the finding that even if the appendicitis is uncom-
plicated, the immunochemical reaction with CP occurs. 
The main observation was the high overactivity of CP in 
the lumen of all inflamed samples which stays in contrast 
to the healthy appendix tissue. This may be the result of 
significant luminal infiltration of inflammatory cells.

The following pilot study tested the utility of FC as a 
marker of AA [28]. Stool samples were collected before 
the therapy and analyzed for FC concentration. The mean 
level of FC was higher in AA cases than that in controls 
(51.4 vs 24.8 µg/g), but these results were not significant. 
The AUC was 0.869 with the cutoff value of 51 µg/g, pro-
viding both sensitivity and specificity close to 80%. Impor-
tantly, FC was effective to distinguish AA from infectious 
enteritis (IE), which is another most common cause of pain 
located in the right lower quadrant. The IE activity of the 
neutrophils is much more intense and the FC significantly 
(p = 0.007) exceeds the levels observed in AA, with the 
mean value of 320.9 µg/g. A similar difference between 
IE and AA patients was not observed for routinely used 
WBC.

Recently, a study confirmed the significantly higher 
values of FC in the case of AA (240.5 vs 68.5 µg/g) [29]. 
Noteworthy is the high AUC of 0.928, which allows select-
ing the 106 µg/g cutoff point providing high sensitivity and 
specificity. Moreover, FC was significantly more active in 
complex (presence of a peri-appendicular abscess, gan-
grene, or perforation) than simple AA (206 vs. 304 µg/g). 
The studies on the role of FC in the diagnosis of AA have 
been showed in Table 1.

Discussion

The diagnosis of AA is currently undergoing an intense 
debate. The commonly used scoring systems result in com-
mon misdiagnosis and overtreatment. As a result, too many 
patients underwent unnecessary surgery and then have been 
exposed to severe complications such as mechanical bowel 
obstruction, an incisional hernia, or infertility. This explains 
why searching for effective AA biomarkers is so important 
[31].

Recent observations suggest that CP is a potential marker 
for AA diagnosis. However, a small number of studies on 
adults is the limitation. For this reason, it is worthy to focus 
on pediatrics. Considering several studies, the serum CP 
may serve a role in biomarker panel APPY1 diagnosing 
AA. The APPY1 panel including serum CP, WBC, and CRP 
has a high negative predictive value and allows reducing 
computer tomography utilization in patients suspected of 
suffering from AA, which is particularly important in case 
of non-adults [32–35]. More recently, a research evaluated 
the accuracy of clinical manifestations, laboratory analyses, 
and imaging methods for the diagnosis of AA [36]. They 
found that each marker used individually does not provide 
satisfying power, and the classic physical examination is still 
the most important single tool. The study provided new per-
spectives on the use of serum CP in diagnostic panels. The 
multivariate analysis of all markers was performed using 
neural networks. This innovative approach showed that the 
combination of physical examinations, biomarkers, includ-
ing serum CP, and ultrasonography is a much more effective 
diagnostic panel than APPY1. This conclusion was in line 
with another study, in which a 6-part score including serum 
CP revealed great accuracy to predict appendicitis [37].

Another study offered new insight into CP utility due to 
the parallel measurement of the serum and fecal form in the 

Table 1  The studies on the role of fecal calprotectin in the diagnosis of acute appendicitis

UCAA  uncomplicated acute appendicitis, CAA  complicated acute appendicitis

Patient group Sensitivity (%) Specificity (%) Cutoff value AUC Comments

Ambe et al. [27]
(2016)

52 - - - - 1. Study on predominantly adult population
2. High accumulation of CP in the lumen of 

an inflamed appendix
Ambe et al. [28]
(2016)

32 Close to 80% Close to 80% 51 µg/g 0.86 1. Study on predominantly adult population
2. No significant difference in AA/controls
3. Significantly more active during IE than 

AA
Sarsu et al. [30]
(2017)

120 - - - UCAA: 0.669
CAA: 0.951

1. Pediatric study
2. The serum form as a more accurate tool

Zhou et al. [29]
(2019)

84 - - 106 µg/g 0.928 1. Study on adult population
2. Relative units in commercial assays sug-

gested as a potential impediment for the 
studies’ design
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same patients [30]. Comparing the cases with uncomplicated 
AA and controls, the FC was determined as a less accu-
rate biomarker in diagnosis than serum CP (AUC FC = 0.669 
vs AUC SERUM CP = 0.882). What is more, the comparison 
between patients with complicated AA and controls showed 
similar results (AUC FC = 0.951 vs AUC SERUM CP = 1.000). 
What is interesting is the cutoff levels of the serum CP indi-
cated in ROC analysis have been observed on the relatively 
very low level as 670 ng/ml with maximal specificity. Con-
sidering current report literature, this value of serum CP may 
be higher in adult controls [38].

Conclusion

The level of fecal calprotectin is considered a valuable tool 
bringing additional data for clinicians in gastrointestinal 
disorders. Fecal calprotectin is a very stable form of cal-
protectin, which does not require a specific timing from the 
onset of symptoms to stool collection and further analysis. 
In Poland, fecal calprotectin tests are highly available due to 
the common use in inflammatory bowel diseases diagnosis. 
On the other hand, they are still relatively expensive. For 
now, its utility in acute appendicitis remains questionable. 
Unfortunately, several published studies are not consistent 
in their results of statistical parameters and accurate cutoff 
values and more reliable data are needed. However, in our 
opinion, it is particularly promising to focus on the fecal and 
serum calprotectin to develop in the future a more effective 
marker panel diagnosing acute appendicitis.
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