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Abstract

Objectives: Necrotizing enterocolitis is a significant cause of morbidity and mortality in prema-

ture infants. Various fecal, urinary, and serum biomarkers have all been investigated for their

potential in the prediction and early detection of necrotizing enterocolitis. This pilot study

aimed to explore the feasibility and clinical utility of measuring serum and fecal calprotectin

levels in preterm infants with necrotizing enterocolitis.

Methods: This prospective pilot study included preterm infants born at < 32 weeks’ gestation

with a birth weight of � 1500 g, consisting of patients diagnosed with necrotizing enterocolitis

stage II or III and a randomly selected control group without necrotizing enterocolitis. The rela-

tionship between serum and fecal calprotectin concentrations and necrotizing enterocolitis

severity, need for surgical intervention, and mortality was systematically analyzed.

Results: A total of 39 necrotizing enterocolitis patients (25 with stage II, 14 with stage III) and 20

randomly selected preterm infants were included as the control group. Serum and fecal calpro-

tectin levels were significantly higher in necrotizing enterocolitis stage III and in infants who

required surgery or died (p< 0.05), indicating their potential to predict disease severity and

poor outcomes.

Conclusions: This pilot study suggests that dual assessment of serum and fecal calprotectin may

provide insight into necrotizing enterocolitis severity and outcomes. Larger studies are needed

to validate these findings and determine clinical applicability.
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Trial Registration: This study was registered with the ClinicalTrials.gov database under the reg-

istration number NCT06693154 on November 15, 2024.

© 2025 The Authors. Published by Elsevier Editora Ltda. on behalf of Sociedade Brasileira de

Pediatria. This is an open access article under the CC BY license (http://creativecommons.org/

licenses/by/4.0/).
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2 Necrotizing enterocolitis (NEC) is a significant cause of mor-
3 bidity and mortality in premature infants. It occurs in
4 approximately 10 % of preterm infants born weighing
5 <1500 g, [1] with an overall incidence of 5�7 % among all
6 preterm infants., [2] Despite significant advances in neona-
7 tology, there has been no notable reduction in NEC-related
8 mortality rates, with mortality still ranging from 30�50 % in
9 preterm infants born weighing <1000 g, [3]

10 Although NEC is typically explained by a common patho-
11 genesis characterized by ischemia, inflammation, and bacte-
12 rial invasion, [4] there is evidence from studies suggesting
13 that it is not a homogeneous disease but rather a complex
14 and multifaceted disorder. In the prediction of NEC and the
15 differential diagnosis of conditions with clinical presenta-
16 tions similar to classic NEC, such as neonatal sepsis, sponta-
17 neous intestinal perforation, ischemic intestinal necrosis,
18 food protein-induced enterocolitis syndrome, and congeni-
19 tal bowel anomalies, a personalized approach is crucial., [5]
20 At this point, beyond traditional clinical and radiographic
21 findings, specific imaging techniques such as ultrasound,
22 near-infrared spectroscopy for assessing perfusion, and bio-
23 markers can be utilized., [6]
24 Calprotectin is a cytosolic protein complex from the S100
25 family, known for its calcium-binding properties., [7] Compris-
26 ing S100A8 and S100A9 monomers, calprotectin is expressed
27 variably across different cell types. However, it is consistently
28 present in neutrophils, as well as in monocytes, macrophages,
29 dendritic cells, keratinocytes, and squamous mucosal epithe-
30 lial cells., [8] The formation of heterotetramers through the
31 combination of S100A8 and S100A9 heterodimers is crucial for
32 calprotectin’s functions both intracellularly and extracellu-
33 larly., [9] Calprotectin modulates the immune system through
34 intracellular mechanisms that facilitate the presence of
35 inflammatory cells and mediators, such as arachidonic acid, at
36 sites of inflammation., [10] It also has extracellular effects by
37 interacting with Toll-like receptor 4 and receptor for advanced
38 glycation end products., [11]
39 Clinical research has explored the use of calprotectin as a
40 biomarker in intestinal diseases and sepsis, despite its variable
41 levels influenced by clinical factors in neonates. While fecal
42 calprotectin levels have been widely studied in neonatal intes-
43 tinal diseases, including necrotizing enterocolitis, there is a
44 lack of research on serum calprotectin levels specifically for
45 necrotizing enterocolitis., [12,13] This pilot study aimed to
46 explore the feasibility and clinical utility of measuring serum
47 and fecal calprotectin levels in preterm infants with NEC.

48 Material and methods

49 This prospective pilot study included newborns admitted to
50 the neonatal intensive care unit (NICU) over a 2-year period,

51born at or before 32 weeks of gestation with a birth weight
52of � 1500 g, who were included in this study. Ethical
53approval was obtained from the local ethics committee
54(number: 26,379,996/26, 03�2022), and informed consent
55was secured from the parents. This study was registered
56with the ClinicalTrials.gov database under the registration
57number NCT06693154 on November 15, 2024.
58Data collected included gestational age, birth weight, gen-
59der and mode of delivery, as well as the need for resuscitation
60in the delivery room. Information regarding invasive mechani-
61cal ventilation therapy and co-morbidities, including respira-
62tory distress syndrome (RDS), patent ductus arteriosus (PDA),
63and intracranial hemorrhage, was also recorded. Maternal
64factors, such as age, maternal infection, and antenatal ste-
65roid treatment, were retrieved from obstetric records.
66According to the unit’s standardized clinical protocols,
67early and exclusive human milk feeding is strongly encour-
68aged. Donor milk is not available; therefore, if maternal milk
69remains insufficient beyond the initial postnatal period, pre-
70term formula is introduced under clinical supervision. Clinical
71symptoms, including episodes of apnea and desaturation, bra-
72dycardia, lethargy, and irregular body temperature, were
73evaluated alongside gastrointestinal symptoms such as feed-
74ing intolerance, vomiting, increased gastric residual volume,
75bilious or bloody gastric aspirate, decreased bowel sounds,
76bloody stools, abdominal distension, tenderness, and changes
77in abdominal skin color. If these symptoms were present, lab-
78oratory and radiographic evaluations were conducted with
79suspicion of NEC. Abdominal radiographs were reviewed by
80radiologists and neonatologists for abnormal findings, includ-
81ing bowel dilatation, the presence of dilated and fixed bowel
82loops, bowel wall thickening, ascites, pneumatosis intestina-
83lis, portal venous gas, pneumoperitoneum, and subdiaphrag-
84matic free gas. Laboratory evaluations included blood gas
85analysis, complete blood count, blood smear, serum electro-
86lytes, blood urea nitrogen, creatinine, liver function tests,
87and blood cultures.
88NEC diagnosis was confirmed based on clinical, laboratory
89and radiological findings, and the disease was staged into
90stages I, II, and III using the modified Bell criteria., [14] Only
91patients with stage II and stage III were included in the study,
92while those with stage I (suspected NEC) were excluded.
93Management was carried out by a dedicated expert team
94comprising pediatric surgeons and neonatologists, who also
95made the decisions regarding surgical intervention. Empiri-
96cal antibiotic therapy with ampicillin and gentamicin is initi-
97ated in suspected cases of sepsis or NEC, in line with the
98institutional antibiotic stewardship guidelines. The duration
99of antibiotic therapy is determined based on clinical
100improvement and blood culture results. If the culture is posi-
101tive, the treatment is adjusted according to the identified
102microorganism. The criteria for surgical intervention
103included the presence of necrotic bowel loops identified
104through serial radiographs showing fixed bowel loops,
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105 pneumoperitoneum, and/or persistent metabolic acidosis,
106 shock, or severe thrombocytopenia.
107 Blood samples for the evaluation of serum C-reactive pro-
108 tein (CRP), interleukin-6 (IL-6), and calprotectin concentra-
109 tions were collected at the time of NEC diagnosis, whereas
110 fecal samples for calprotectin analysis were obtained on the
111 same day. Blood samples were obtained using Minicollect�

112 1cc serum tubes (Greiner Bio-One, Kremsm€unster, Austria),
113 and fecal samples were immediately stored at �20 °C for
114 batch analysis. All laboratory analyses were conducted by a
115 single individual after the completion of patient recruitment.
116 The control group consisted of newborns born at or before
117 32 weeks of gestation, with a birth weight of � 1500 g, who
118 did not develop NEC or show signs of neonatal sepsis. Blood
119 samples were collected from peripheral veins on the third
120 day of life to measure CRP, IL-6, and calprotectin concentra-
121 tion. This timing was chosen to exclude potential inflamma-
122 tion or systemic effects prior to the typical onset of NEC and
123 aligns with routine neonatal intensive care practices, ensur-
124 ing standardized and systematic sample collection. Fecal cal-
125 protectin was not included in the control group analysis, as a
126 substantial proportion of preterm infants had not yet passed
127 meconium on day 3, when serum inflammatory markers were
128 collected. The presence of meconium or the absence of stool
129 at that time point could have introduced considerable vari-
130 ability and compromised the reliability and consistency of
131 early fecal calprotectin measurements.

132 Measurement of serum and fecal calprotectin levels

133 Calprotectin levels were measured using a commercial ELISA
134 kit (Cat. No. RD191217100R, BioVendor Laboratory Medicine,
135 Inc., Karasek 1/1767 Brno, Czech Republic). Serum levels
136 were reported in mg/mL, and fecal levels in mg/g.

137 Measurement of CRP and IL-6 concentration

138 Serum CRP concentration was measured using the nephelo-
139 metric method (sensitivity = 8 mg/L) (CRP kit, Roche, Ger-
140 many) on the IMMAGE� system (Beckman-Coulter, USA). IL-6
141 concentration was measured using a solid-phase enzyme-
142 labelled chemiluminescent immunometric assay (IL-6 kit,
143 Siemens Healthcare Products Ltd., Hanbers, USA) (sensitiv-
144 ity = 2 pg/mL) on the IMMULITE� 2000 system (USA), and the
145 results were recorded.

146 Power analysis and sample size considerations

147 As a pilot study, this investigation aimed to evaluate the fea-
148 sibility and preliminary utility of serum and fecal calprotec-
149 tin measurements in preterm infants with NEC. The sample
150 size was limited due to the restricted number of eligible NEC
151 cases meeting the inclusion criteria during the study period.
152 However, a preliminary power analysis was performed to
153 support the methodological validity of the study design.
154 Assuming a power of 80 % and a significance level of 0.05, a
155 minimum of 12 patients per group was estimated to be suffi-
156 cient to detect a difference of 1 standard deviation (SD) in
157 serum calprotectin levels between NEC and control groups.
158 For fecal calprotectin, which is known to exhibit greater bio-
159 logical variability, an estimated SD of 1.5 was considered in
160 the analysis.

161Statistical analysis

162Statistical analysis was conducted using the SPSS 20.0 statis-
163tical software package (Chicago, IL, USA). The normal distri-
164bution of variables was assessed with the Shapiro-Wilk test,
165and the results were used for group comparisons. Descriptive
166statistics were presented as mean and standard deviation or
167median (25th�75th percentile); categorical variables were
168presented as count and percentage. For between-group
169analyses of parametric variables, ANOVA and Chi-square
170tests were used, while Kruskal-Wallis and Mann-Whitney U
171tests were employed for non-parametric variables. Bonfer-
172roni correction was applied for multiple comparisons. The
173Chi-square test was used to compare categorical variables in
174independent groups. The Friedman test and Bonferroni-
175adjusted Wilcoxon test were used for comparing dependent
176groups. Correlation analyses were performed using Spear-
177man’s rank correlation, with correlation coefficients (r) and
178corresponding p-values reported. Receiver operating char-
179acteristic (ROC) analysis was performed using the Youden
180Index to determine the optimal threshold values, and the
181area under the curve (AUC) was calculated to quantitatively
182assess the model’s discriminative ability. A p-value of < 0.05
183was considered statistically significant.

184Results

185Among the 387 preterm infants with a gestational age of<32
186weeks and a birth weight of �1500 g admitted to the neona-
187tal intensive care unit during the study period, 46 (11.9 %)
188were diagnosed with NEC, including 25 with stage II and 21
189with stage III disease. A total of 39 patients, from whom
190samples could be sent for serum and fecal calprotectin lev-
191els, were included as the study group. Twenty patients who
192did not develop NEC were randomly chosen from the entire
193cohort to serve as the control group.
194The mean birth weight in the control group was
1951125§ 325 g, compared to 1120§ 342 g in the NEC group. In
196the control group, the mean gestational age was 28.3§ 0.5
197weeks, compared to 28.4§ 0.4 weeks in the NEC group.
198There were no statistically significant differences between
199the study and control groups in terms of birth weight, gesta-
200tional age, maternal age, presence of maternal infection,
201mode of delivery, need for resuscitation in the delivery
202room, antenatal steroid administration, additional morbid-
203ities associated with prematurity, or the requirement for
204invasive mechanical ventilation (p> 0.05) (Table 1).
205Significant differences in CRP, IL-6, and serum calprotec-
206tin concentrations were observed among patients with NEC
207stage II, NEC stage III, and the control group. Specifically,
208levels were significantly higher in both NEC groups compared
209to controls. Additionally, IL-6 and serum calprotectin, but
210not CRP, were significantly elevated in NEC stage III com-
211pared to stage II (Table 2).
212When comparing CRP, IL-6, serum calprotectin, and fecal
213calprotectin concentration between patients who under-
214went surgery and those who did not, as well as between NEC
215survivors and non-survivors, it was found that IL-6, serum
216calprotectin, and fecal calprotectin concentration were ele-
217vated in both infants requiring surgical intervention and
218those who did not survive (Table 3).
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219 Correlation analyses revealed significant associations
220 between inflammatory biomarkers in both disease stages. In
221 NEC stage II, strong correlations were observed between
222 CRP and serum calprotectin (r = 0.765, p< 0.05), CRP and
223 fecal calprotectin (r = 0.868, p< 0.05), and between serum
224 and fecal calprotectin (r = 0.852, p< 0.05). Similarly, in NEC
225 stage III, CRP was moderately correlated with serum calpro-
226 tectin (r = 0.756, p< 0.05) and fecal calprotectin (r = 0.712,
227 p< 0.05), while serum and fecal calprotectin showed a
228 strong correlation (r = 0.759, p< 0.05) (Figure 1).

229Serum calprotectin demonstrated the strongest predic-
230tive performance for surgical intervention (cutoff:
23137.84mg/mL; sensitivity: 88.9 %, specificity: 73.9 %, AUC:
2320.853; p< 0.05), followed by CRP (AUC: 0.863), IL-6 (AUC:
2330.687), and fecal calprotectin (cutoff: 32.68 ng/g; sensitiv-
234ity: 87.8 %, specificity: 76.7 %, AUC: 0.677; p< 0.05). For
235mortality prediction, fecal calprotectin showed the highest
236AUC (0.876) at a cutoff of 38.9 ng/g (sensitivity: 85.9 %,
237specificity: 75.1 %), followed by serum calprotectin (AUC:
2380.820; p< 0.05), while CRP and IL-6 had lower AUC values

Table 1 Clinical characteristics of the patients.

Variables Control group

(n = 20)

Study group

(n = 39)

P

Gender (male) n( %) 11(55) 19(48.7) 0.53

Birth weight 1125§ 325 1120§ 342 0.67

Gestational age 28.3§ 0.5 28.4§ 0.4 0.49

Modes of delivery (C/S) n( %) 12(60) 23(58.9) 0.45

Mothers’ age 28.8§ 1.2 29.2§ 0.9 0.25

Maternal infection n( %) 6(30) 12(30.7) 0.76

Antenatal steroid administration n( %) 14(70) 29(74.4) 0.8

Resuscitation in delivery room n( %) 10(50) 22(56) 0.52

Co-morbidities n( %)

PDA 12(60) 24(61.5) 0,96

RDS 15(75) 30(76.9) 0.64
_ICH 7(35) 15(38.5) 0.54

Invasive mechanical ventilation therapy n( %) 12(60) 25(64.1) 0.75

Table 2 Comparison between control, NEC stage II, and NEC stage III.

Variables Control group

(n = 20)

Stage II NEC

(n = 23)

Stage III NEC

(n = 16)

P

*IL�6 (pg/mL) 16.8 (6.2�27.4) 66.6 (6.2�126.9) 96 (40�776.1) <0.001

*CRP (mg/L) 2.9 (1.7�4.1) 27.2 (15.9�38.4) 16.2 (3.3�28.9) <0.001

**Serum calprotectin(mg/mL) 0.79§0.33 28.7§ 1.85 38.2§ 9.67 <0.001

* Data are presented as median (25th�75th percentile).
** Data are presented as mean § standard deviation.

Table 3 Comparison between operated and non-operated NEC patients.

Variables Operated

(n = 15)

Non-operated

(n = 24)

p Survived

(n = 27)

Deceased

(n = 12)

p

*IL�6 (pg/mL) 78.4

(49.51�603.61)

56

(21.88�203.38)

<0.001 56.0

(17.15�170.15)

78.4

(66.8�710.8)

<0.001

*CRP (mg/L) 16.2

(14.9�40.7)

27 (14.2�39.9) <0.001 29 (14.8�43.2) 16.2

(10.5�25.2)

<0.001

**Serum calpro-

tectin

(mg/mL)

39.67§16.21 23.67§9.65 <0.001 28.6§ 8.61 44.9§ 21.53 <0.001

*Fecal calpro-

tectin

(mg/g)

36.7

(24.67�68.07)

21.7

(13.9�29.5)

<0.001 19.6

(11.25�27.95)

46.4

(29.41�81.5)

<0.001

* Data are presented as median (25th�75th percentile).
** Data are presented as mean § standard deviation.
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239 (0.686 and 0.709 respectively) and were not statistically sig-
240 nificant (Table 4).

241 Discussion

242 Prediction and early diagnosis of NEC on an individual basis
243 remains a challenge due to its complex and multifactorial
244 nature. Although numerous observational studies have iden-
245 tified various clinical and non-clinical risk factors linked to
246 the development of NEC, the prognostic significance of these
247 factors is often uncertain. Prognostic research on NEC has
248 predominantly focused on clinical parameters, but its ability
249 to accurately predict outcomes is still limited., [15]
250 Fecal biomarkers, such as calprotectin, [12] human
251 S100A12, [16] intestinal fatty acid-binding proteins (I-FABP),
252 [17] and intestinal alkaline phosphatase activity, [18] along
253 with urinary biomarkers including I-FABP [17] and serum

254amyloid A (SAA), [19] and serum biomarkers such as cytosolic
255b-glucosidase, [20] SAA, [21] inter-alpha inhibitor proteins,
256[22] various differentially expressed genes, [23] and abso-
257lute monocyte count, have all been investigated for their
258potential in the prediction and early detection of NEC. There
259are currently no studies that specifically evaluate serum cal-
260protectin as a biomarker for NEC. However, its diagnostic
261potential has been explored in the context of neonatal sep-
262sis., [24]
263This pilot study supports the potential utility of serum
264and fecal calprotectin as prognostic biomarkers for assessing
265NEC severity and guiding surgical decision-making. The sen-
266sitivity and specificity values derived from ROC analysis for
267serum and fecal calprotectin suggest their strong predictive
268capabilities. Previous research has demonstrated the utility
269of serum calprotectin in inflammatory conditions, but its
270role in NEC remains less well-established. The current find-
271ings are in line with other studies that suggest the

Figure 1 Inflammatory marker correlations in NEC stage II and stage III.
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272involvement of inflammatory mediators such as IL-6 and CRP
273in the pathogenesis and progression of NEC.
274The ability to accurately predict mortality in NEC remains
275a critical challenge, as timely identification of high-risk
276infants could significantly improve clinical decision-making
277and outcomes. While markers like CRP have been tradition-
278ally used, their limited sensitivity in differentiating between
279survival outcomes underscores the need for more specific
280biomarkers. The present findings suggest that fecal calpro-
281tectin, given its higher sensitivity and specificity, may serve
282as a more accurate indicator for mortality risk, offering
283clinicians a valuable tool for stratifying patient risk and opti-
284mizing therapeutic interventions. Further research is essen-
285tial to corroborate these results and explore calprotectin’s
286role within a broader prognostic framework for NEC.
287Fecal calprotectin levels in neonates displayed a wide
288variability, ranging from 5.5 to 6000mg/g, and showed no
289relationship with gestational age or birth weight. Meconium
290calprotectin levels were significantly higher than those mea-
291sured after two weeks of life and were associated with both
292birth weight and the presence of meconium-stained amni-
293otic fluid, while fecal calprotectin concentrations progres-
294sively decreased with postnatal age, showing greater
295reductions in breastfed infants compared to formula-fed
296infants by the third or fourth week of life., [14] The fecal
297calprotectin level in the control group was found to be
2983.6mg/g. The threshold values identified in the present
299study for fecal calprotectin are notably lower than those
300reported in previous studies. While the exact reason for this
301discrepancy is unclear, it may be influenced by differences
302in patient populations, study designs, or sample handling
303and analysis protocols. The present study used a specific
304ELISA kit and variability in assay methods could also contrib-
305ute to differences in reported threshold values. Further mul-
306ticenter studies are needed to standardize calprotectin
307measurement techniques and establish universally applica-
308ble thresholds.
309In a study, stool calprotectin levels were elevated in 58 %
310of neonates diagnosed with NEC, compared to 13 % in those
311without the diagnosis. Furthermore, a cutoff value of
312226mg/g for fecal calprotectin was found to provide optimal
313diagnostic accuracy, with 75 % sensitivity and 76 % specificity
314in predicting NEC25. In the present study, fecal calprotectin
315emerged as a strong predictor for surgical intervention, with
316a cutoff value of 32.68mg/g, demonstrating high sensitivity
317and specificity. Additionally, fecal calprotectin at a cutoff of
31838.9mg/g was effective in predicting mortality, reinforcing
319its value as a marker for assessing NEC severity and related
320outcomes.
321As a pilot study, the relatively small sample size is an
322inherent limitation and may reduce the statistical power to
323detect subtle differences, as well as limit the generalizabil-
324ity of the findings. However, the data provide valuable pre-
325liminary insights that can inform the design of larger, more
326definitive studies. Another important limitation is the use of
327a relatively small, randomly selected control group instead
328of matched controls based on clinical variables such as feed-
329ing type. The single-center setting may restrict external
330validity, as local practices or population characteristics may
331differ from those in other institutions. Additionally, unmea-
332sured confounders such as nutritional factors, environmental
333exposures, and genetic variability may have influenced
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334 calprotectin levels. Lastly, variability in the timing of sample
335 collection during the neonatal period could have affected
336 biomarker concentrations, especially considering known
337 fluctuations in fecal calprotectin associated with postnatal
338 age and feeding type, such as breast milk versus formula.

339 Conclusions

340 This pilot study provides preliminary insights into the poten-
341 tial roles of serum and fecal calprotectin as complementary
342 biomarkers in the assessment of NEC severity and clinical
343 outcomes. However, further research is needed to validate
344 these findings, including larger, multicenter studies and the
345 exploration of additional variables, to enhance the under-
346 standing of the combined diagnostic and prognostic value of
347 serum and fecal calprotectin in neonates.
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