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Introduction
H. pylori infection, is one of the most 
prevalent infections worldwide.[1] A recent 
meta‑analysis estimated that there were 
about four and a half billion individuals 
with H. pylori infection globally. Its 
prevalence varies from 18.9 percent in 
Switzerland up to 87.7 percent in Nigeria.[2] 
Moreover, it is reported that 42 percent of 
children are affected by this infection in 
Iran.[3] H. pylori is associated with some of 
the most important GI diseases including 
peptic ulcer, gastric adenocarcinoma 
and mucosa-associated lymphoid tissue 
lymphoma.[4,5] Gastritis and duodenitis 
are two other prevalent GI diseases that 
are caused mainly due to H. pylori.[6,7] 
There are several diagnostic methods for 
H. pylori, including urea breath test (UBT), 
serology and fecal antigens.[8] Over the 
past 50  years, endoscopy has been used 
as the diagnostic modality of choice to 
diagnose H. pylori for patients with upper 
GI symptoms.[9] However, it is an invasive 
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Abstract
Background: Fecal calprotectin  (FC) is suggested as a novel biomarker for the diagnosis of 
gastrointestinal  (GI) diseases; however, few studies have investigated its diagnostic value for 
Helicobacter pylori  (H. pylori). Therefore, the current study evaluated the level of FC and its 
diagnostic value in patients with H. Pylori and its related conditions including gastritis and duodenitis. 
Methods: In this case‑control study, 120 children with upper GI symptoms, who were indicated to 
undergo upper GI endoscopic examination, were consecutively included. Patients were categorized 
into different groups based on their endoscopic findings including H. pylori, gastritis, duodenitis 
or normal. Results: Patients with gastritis  (P  =  0.014) and those with duodenitis  (P  <  001) had 
significantly higher FC. The level of FC was higher in patients with H. pylori but this difference was 
marginally significant  (P = 0.054). The level of FC had poor ability to diagnose the presence of H. 
pylori  (P  =  0.054) and gastritis  (area under the curve, AUC  =  0.639, P  =  0.014). However, it had 
acceptable power to diagnose patients with or duodenitis (AUC = 0.718, P < 0.001). The sensitivity 
and specificity of FC for diagnosis of gastritis were 64 and 65 percent  (cut‑off  =  45.2 µg/g), and 
for duodenitis were 77 and 61 percent  (cut‑off  =  46.2 µg/g), respectively. Conclusions: FC can be 
considered as an objective and diagnostic tool for duodenitis. However, due to the low sensitivity and 
specificity, it is suggested to consider it as an objective supplementary test beside other established 
diagnostic modalities.
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and operator‑based procedure. Furthermore, 
it is cumbersome to perform an optimal 
endoscopy in children. Therefore, a lot of 
investigations are being conducted to find 
an alternative non‑invasive and objective 
diagnostic test.[10,11] Non‑invasive tests 
such as UBT, serology and stool antigen 
are usually preferred by the clinicians. 
However, serology has some limitations 
particularly in endemic areas and UBT 
is technically very demanding and did 
not widely available. Moreover, detection 
of stool antigen of H. pylori has poor 
sensitivity. Although, UBT is considered 
to be specific, there are always some 
concerns about the presence of many other 
urease‑producing bacteria that may colonize 
in the stomach and make it questionable to 
use this test in children.[12,13]

Biomarkers are gaining increasing 
popularity and interest due to their 
higher accuracy and applicability to 
diagnose different diseases.[14‑18] FC is 
one of the most reliable fecal markers 
for GI‑related disease.[19,20] It is known 
as a biomarker for inflammatory bowel 
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disease  (IBD).[11,21] Moreover, the augmented levels of 
FC are demonstrated in patients with GI infections, 
non‑steroidal anti‑inflammatory  (NSAID)‑induced 
enteropathy, microscopic colitis or gastric cancer.[21‑24] 
Calprotectin is a heterodimer protein that can bind with 
calcium and zinc. It is produced by neutrophils, monocytes 
and macrophages and can exert a strong antimicrobial 
role against bacteria and fungus.[25,26] Increased levels of 
calprotectin in plasma, synovial fluid, urine and feces 
are seen in neutrophil‑mediated immune response.[11] 
Laboratory studies advocate the association of H. pylori 
and gastritis with neutrophil proliferation.[27,28] Therefore, 
the objective of this study was to evaluate the level of 
FC and its diagnostic efficacy in children with H. pylori 
infection, gastritis and duodenitis.

Methods
In this case‑control study, 120 children  (3‑16  years old) 
with upper GI symptoms  (such as dyspepsia, dysphagia, 
abdominal discomfort, nausea, vomiting or poor growth) who 
were indicated to undergo upper GI endoscopic examination 
at the gastroenterology clinics or gastroenterology ward of 
the children hospital of Tabriz, Iran, were consecutively 
included for 2  years (January 2016‑January 2018). Patients 
with polyps, GI bleeding, IBD, colorectal cancer, severe 
renal or liver diseases, receiving NSAID or treatment for 
H. pylori were excluded.

IRB/IACUC approval

The study was conducted following the declaration of 
Helsinki. Written informed consent was obtained from 
parents and implicit permission from children after 
sufficient explanations. The study protocol was approved 
by the medical ethics committee of the Tabriz University of 
Medical Sciences (IR.TBZMED.REC.1396.276).

Patients’ evaluation

Endoscopic examinations were performed by an attending 
pediatric gastroenterologist with the same procedure 
for all included patients after adequate sedation. The 
gastroenterologist was blinded to the result of FC. Full 
description and captured photos during endoscopy were 
documented and reviewed by another gastroenterologist. 
H. pylori was confirmed by histopathological and 
laboratory evaluations  of the obtained specimens. Gastritis 
and duodenitis were detected by specific signs through 
the endoscopic examinations  (i.e., nodularity, erosions, 
intramucosal hemorrhage, redness). Biopsies were collected 
from different sites to assess the presence of H. pylori. 
Patients were divided into different groups based on 
their endoscopic findings including H. pylori, gastritis, 
duodenitis or normal.

FC was measured by obtaining a stool sample once for 
each patient. The samples were collected by parents at 
home one day before bowel preparation for endoscopic 

examination. The parents were instructed to keep the 
samples in the refrigerator. Moreover, they were stored 
in a refrigerator  (4°C) after they were delivered at the 
endoscopy session until they were transferred to the study 
laboratory within 48 hours. Calprotectin remains unchanged 
at room temperature up to 7  days.[29] FC was measured by 
means of enzyme‑linked immunosorbent assay (the ELISA, 
Calprest; Eurospital) according to the method of Tøn 
et  al.[30]; however, a short description is provided further. 
The mean of two measurements on each sample was 
reported as the concentration of FC. The FC cut‑off level 
was considered as 50 µg/g according to the manufacturer’s 
instructions. The laboratory personnel were blinded to the 
clinical diagnosis of the patients.

FC laboratory measurement

A 100 mg feces of obtained samples were homogenized 
in 5 mL extraction buffer. Then, the homogenate 
was centrifuged in a microcentrifuge for 5  min. 
Approximately 100 µL of the diluted supernatant 
(1:50 with incubation buffer) were incubated at room 
temperature onto a microtiter plate coated with a 
monoclonal capture antibody highly specific to the 
calprotectin heterodimeric and polymeric complexes. 
Next, a second incubation with a specific detection 
antibody was conducted. After that tetramethylbenzidine 
(blue color formation) followed by a stop solution 
(change to yellow color) was added. Spectrophotometry 
was performed with an optical density of 450 nm.

Statistical analysis

Mean  ±  standard deviation  (SD) or median 
(interquartile range  [IQR]) of quantitative variables with 
normal or non‑normal distribution, respectively, and 
frequency and percentage for qualitative variables were 
reported. Mann‑Whitney U test was conducted to compare 
two groups. Multivariate regression analysis was conducted 
to control the confounding effects and find the independent 
associations between variables. A  receiver operating 
characteristic  (ROC) curve analysis was performed to 
calculate the AUC as well as the sensitivity and specificity 
of FC cut‑off points. The best cut‑off point was calculated 
using Youden’s J statistic. SPSS version  24 was used to 
perform statistical analysis. A P value of less than 0.05 was 
considered significant.

Results
An overall 120  patients were included. The mean age of 
included patients was 8.07 ± 2.71 and 51.7% were female. 
H. pylori was detected in 60  patients  (50%). Gastritis 
was present in 82  (68.3%) of included patients of whom 
43 patients  (52.4%) had positive H. pylori. Duodenitis was 
seen in 40  patients  (33.3%) of whom 32  cases  (40%) had 
positive H. pylori and 38  (95%) had concomitant gastritis. 
Among patients with gastritis, 43  patients  (52.4%) had 
acute gastritis and 39 patients (47.6%) had chronic gastritis.
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An overall 58  patients  (48.3%) had a FC above 
50 µg/g. The proportions of patients with increased FC 
are described in Figure  1. The level of FC in patients 
with H. pylori was higher than those without, but this 
difference was marginally significant  (median  [IQR], 51 
[32.5–71] vs 42.5 [18–63] µg/g, respectively, P = 0.054). 
Patients with gastritis had significantly higher FC than 
non‑gastritis patients (53.5 [32–70] vs 38.7 [18–57] µg/g, 
respectively, P  =  0.014). Those with duodenitis had 
significantly higher FC than non‑duodenitis patients 
(60 [47.5–124.5] vs 39 [17.5–60] µg/g, respectively, 
P  <  001). The levels of FC in different categories are 
depicted in Figure  2. Higher FC level was detected in 
patients with acute gastritis as compared with those 
having chronic gastritis but the difference was not 
statistically significant  (59  [32–99] vs 52  [18–69] µg/g, 
respectively, P = 0.294).

The results of multivariate analysis are described 
in Table  1. FC was independently associated with 
duodenitis (adjusted OR, 3.147  [95% CI, 1.217‑8.142]; 
P  value, 0.018). However, no significant independent 
association was detected between FC and gastritis 
(adjusted OR, 1.713 [95% CI, 0.685‑4.283]; P value, 0.250) 
and H. pylori  (adjusted OR, 1.161  [95% CI, 0.517‑2.606]; 
P value, 0.717).

ROC curve analysis demonstrated that the level of 
FC had poor ability to diagnose the presence of H. 
pylori  (AUC  =  0.602, 95% CI  =  0.501–0.703, P  =  0.054) 
or gastritis  (AUC  =  0.639, 95% CI  =  0.534–0.744, 
P  =  0.014)  [Figure  3]. However, it had acceptable power 
to diagnose  patients with or duodenitis (AUC  =  0.718, 
95% CI  =  0.624–0.812, P  <  0.001). The sensitivity and 
specificity of FC higher than  45.2 µg/g  for diagnosis 
of gastritis were 64 and 65 percent, respectively. The 
sensitivity and specificity of FC higher than 46.2 µg/g 
for diagnosis of duodenitis were 77 and 61 percent, 
respectively.

Figure 1: Percentage of patients with gastritis, duodenitis and H. pylori; and 
the proportion of those who had positive fecal calprotectin (FC ≥50 μg/g)

Discussion
H. pylori has been identified as the main cause of peptic 
ulcers and a significant risk factor for gastric cancer.[31] 
Therefore, due to the high importance of the diagnosis 
of this bacterium and its related conditions including 
gastritis and duodenitis, the current study was conducted 
to evaluate the levels of FC in patients who were referred 
for endoscopic examinations. The results of the current 
study showed that patients with H. pylori, gastritis and 
duodenitis had a higher level of FC. However, further 
analysis showed that the level of FC could not be a good 
diagnostic factor for H. pylori and gastritis. But, the FC 
level was demonstrated to be an appropriate diagnostic test 
for duodenitis. Nevertheless, the sensitivity and specificity 
of FC for gastritis and duodenitis were relatively low to be 
considered as the single diagnostic test but it can be used 
as a supplementary test besides other established diagnostic 
modalities. Accordingly, a study by Manz et al. showed that 
the level of FC in patients with gastritis was significantly 
higher than in healthy individuals.[32] The study by Ataee 
et al. further confirmed that the level of FC had a significant 
relationship with the presence of gastritis as well as the 
severity of H. pylori infection.[33] Similar to our findings, 
Montalto et  al. failed to find any significant relationship 
between the levels of calprotectin with gastritis.[25] Also, 
the study of Wang et al. showed that patients with gastritis, 
peptic ulcer or duodenitis had the same level of FC as 
healthy people.[34] However, it is noteworthy that gastritis 
patients included in both of these studies consisted of only 
those with chronic gastritis, and no patient with acute 
gastritis was included. We demonstrated that the level of FC 
in patients with acute gastritis was higher than those with 
chronic gastritis possibly due to higher inflammatory status. 
The concentration of FC in the study of Ataee et  al. was 
significantly higher in chronic active gastritis than chronic 
non‑active gastritis.[33] Therefore, the lack of increase in the 
level of FC in gastritis patients in the studies of Wang et al. 
and Montalto et  al. may be explained by the exclusion 

Figure 2: The level of fecal calprotectin in patients with gastritis, duodenitis 
and H. pylori (boxplot presenting the median interquartile range)
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of the patients with acute gastritis. Previous studies have 
also shown that inflammation in the gastrointestinal tract 
can increase the level of FC.[11,35] Furthermore, it has 
been postulated that the level of FC is associated with 
the severity of inflammations and the extent of the lesions 
within the GI tract.[32]

In vivo studies have shown that H. pylori is resistant to the 
antimicrobial effects of calprotectin by means of specific 
lipid changes and biofilm formation.[36] Therefore, increased 
calprotectin during inflammation against H. pylori cannot 
inhibit the activity of this microorganism. However, it 
may have a diagnostic value for detecting gastritis and 
duodenitis caused by H. pylori.

The distinctive structural and biological characteristics of 
H. pylori cause considerable resistance sometimes even 
against heavy therapeutic regimes. Therefore, timely 
detection of this microorganism can play an important role 
in the treatment and management of the disease before it 
leads to more severe complications such as gastric cancer. 
However, FC was not validated by our results to be an 
appropriate candidate for this purpose. Therefore, future 
studies are warranted to investigate other modalities for 
this goal.

This study was the first study that evaluated the 
applicability of FC in the diagnosis of H. pylori, gastritis 
and duodenitis; however, there were some limitations in 
our study. The study was conducted only on children due 
to the paucity of related studies in this regard. Therefore, 
the results may not be valid in adult patients. Thus, it could 
be better if this study was conducted as a multi‑center 
study in all age groups which can be considered for future 
studies.

Conclusion
FC is increased in patients with H. pylori, gastritis and 
duodenitis. It can be considered as an objective and 
diagnostic tool for duodenitis. However, due to the low 
sensitivity and specificity of FC, it can be considered as 
an objective supplementary test besides other established 
diagnostic modalities.
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Table 1: The results of multivariate regression analysis for diagnosis of Helicobacter pylori, duodenitis and gastritis
Dependent 
variable

Covariates Adjusted 
OR

95% CI for OR P
Lower Upper

Duodenitis Fecal calprotectin (>50 µg/dL) 3.147 1.217 8.142 0.018
Age (<8 years) 0.957 0.369 2.484 0.928
Gender (male) 0.508 0.200 1.288 0.154
Gastritis 14.147 2.974 67.306 0.001
H. pylori 4.009 1.556 10.325 0.004

Gastritis Fecal calprotectin (>50 µg/dL) 1.713 0.685 4.283 0.250
Age (<8 years) 1.612 0.672 3.866 0.285
Gender (male) 0.727 0.305 1.732 0.472
H. pylori 0.766 0.314 1.870 0.558
Duodenitis 14.245 3.021 67.161 0.001

H. pylori Fecal calprotectin (>50 µg/dL) 1.161 0.517 2.606 0.717
Age (<8 years) 0.738 0.339 1.606 0.443
Gender (male) 1.239 0.573 2.678 0.586
Gastritis 0.821 0.340 1.982 0.661
Duodenitis 3.902 1.536 9.912 0.004

Figure 3: ROC curve plotted for diagnostic power of FC for (a) H. pylori, 
(b) Gastritis and (c) Duodenitis
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