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Abstract
Objective: To date, pediatricians have no way of predicting early development 
of necrotizing enterocolitis (NEC). Urinary intestinal fatty acid-binding protein 
(iFABP), a marker of loss of gut wall integrity, has been proposed as a promising 
measure to predict NEC. Our objective was to assess the value of iFABP to predict 
NEC in preterm infants. 
Study design: A prospective, case-control study of hundred high-risk neonates. We 
matched every NEC case with four controls on birth weight and gestational age. The 
ratio of iFABP to creatinine (iFABP/cru), expressed in pg/nmol, was measured three 
times a week from Day 1 until five weeks after birth, or until definite NEC (Bell’s 
Stage ≥ II) was diagnosed. We determined the differences in iFABP/cru during the 
first week after birth, the week preceding NEC onset, and after clinical suspicion of 
the disease ( < 48 hours). 
Results: Ten infants developed NEC. During the first week, we found no differences 
in iFABP/cru between infants who ultimately developed NEC and controls. During 
the week preceding NEC, we again found no differences in iFABP/cru between cases 
and controls. After the first clinical suspicion of NEC, the iFABP/cru ratios were 
higher in  infants with NEC (4.0, 2.9–14.4) compared to controls (2.41, 0.1–7.4); 
P = < .01.
Conclusions: IFABP/cru ratios cannot predict NEC in  asymptomatic preterm 
infants. Acute intestinal damage can be detected with iFABP in symptomatic pre-
term infants. Our results support the hypothesis that NEC is a disease in which 
intestinal damage rapidly leads to clinical signs. 
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Introduction
Necrotizing enterocolitis (NEC) is the most frequent gastrointestinal disease 
in neonates. Mortality can be as high as 50% and both short- and long-term mor-
bidity are prevalent.1,2 Several risk factors are associated with the development 
of NEC, including low birth weight ( < 1000 g), low gestational age ( < 30 weeks’ 
GA),3,4 decreased intestinal circulation caused, e.g. by cardiovascular disorders,3,5 
and maternal tocolysis by indomethacin.6–8 

Although risk factors for NEC are well described, it is not yet possible to 
predict which high-risk neonates will ultimately develop NEC. Early identification 
of such patients is the key to both prevention and early treatment of NEC. Several 
markers have been proposed as potentially useful in  the prediction of NEC.9 
One such marker is intestinal fatty acid-binding protein (iFABP).10–12 IFABPs are 
small intracellular proteins localized in the epithelium of the small intestines.13–15 
Normally, the level of iFABP in plasma is low or undetectable, but during ischemia 
or injury, as is the case in NEC, iFABPs rapidly leak from the damaged cells and 
lead to high iFABP levels. Due to its small molecular weight (13–14 kDa), iFABP is 
readily excreted by the kidneys and detectable in urine (iFABPu).16,17 

Previously, we demonstrated the strong correlation between urinary and 
plasma levels of iFABP.18 This finding indicated that levels of iFABPu can provide 
specific and actual information about intestinal epithelial cell injury without the 
use of invasive measurements. The advantages for preterm infants of non-invasive 
measurements that minimize blood loss and subsequent anemia caused by the 
repetitive and frequent blood sampling are obvious.18,19

A few studies have focused on the abilities of iFABP to predict NEC before 
clinical suspicion of the disease. Elevated iFABPu levels during the first days after 
birth might be the initial sign of any perinatal, subclinical mucosal damage that 
predisposes to NEC and that has been found in infants who subsequently devel-
oped NEC.11,20 Recently, Gregory et al. suggested that iFABPu is a useful predictor 
of NEC within a week and, even more strongly so, within three days preceding the 
diagnosis.12 Most of these studies, however, did not include early postnatal mea-
surements nor were serial iFABP changes analyzed. 

Our first aim, therefore, was to determine the ability of iFABPu to predict 
NEC in a cohort of high-risk neonates, 1) as early as during the first week after 
birth, and 2) in the week prior to clinical suspicion of NEC. Our second aim was 
to confirm intestinal involvement by using iFABP in the infants of this cohort who 
indeed developed NEC. 
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Methods

Subjects

We performed a case-control study. Cases and controls were derived from a pro-
spective, observational cohort study conducted at the neonatal intensive care unit 
of University Medical Center Groningen. The study was registered with the Dutch 
Trial Registry as the ‘CALIFORNIA-trial’ under number NTR415321 and was 
approved by the local medical ethics committee. 

Consecutively, we enrolled 100 infants who had been admitted to our neo-
natal intensive care unit and who were at high risk of developing NEC. Eligible for 
enrolment were infants whose postnatal age was less than 48 hours and who either 
had, 1) birth weight (BW) ≤ 1000g, or 2) gestational age (GA) ≤ 30 weeks, or 3) GA 
between 30–32 weeks and BW ≤ 1250g (small-for-gestational age), or 4) maternal 
use of indomethacin for tocolysis, or 5) left-side cardiovascular disease leading to 
reduced splanchnic blood flow. Patients with abdominal wall defects or other con-
genital intestinal diseases were excluded. 

After obtaining informed parental consent in writing, all data were collected 
prospectively and included demographics, e.g. gender, GA, BW, and patient-spe-
cific and/or maternal-specific data. 

For the present case-control study, we selected all NEC cases and matched 
four controls to each infant who developed NEC. We used GA and BW as matching 
criteria, allowing a maximum deviation of approximately 10%.

NEC diagnosis

NEC was diagnosed when pneumatosis intestinalis, portal venous gas, or both were 
present on abdominal radiological examination (NEC Bell’s Stage ≥ II). The diag-
nosis was established by the attending radiologist and neonatologist. Afterwards, 
five physicians classified the infants independently according to modified Bell’s 
stages.22,23 Consensus was reached in all cases. We defined the time of first clinical 
suspicion of the disease as the first abdominal x-ray within the NEC episode.  
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Sample collection and assay procedures

We collected the first urine sample within 48 hours after birth and three times 
a week thereafter at equal intervals for five weeks or until the infant was discharged 
from hospital, whichever came first. Study endpoint was the development of NEC 
Bell’s Stage ≥ II. 

Urine was collected by placing cotton in the diaper for at least two hours. 
Once saturated, the cotton was squeezed into a sterile syringe and urine was pressed 
into a urine tube, as described previously.18 Urine tubes were frozen at minus 80° C 
until batch analysis. 

The iFABPu level was determined by means of sandwich ELISA based 
on capture and biotin-labeled detection antibodies from R&D systems (Abingdon, 
UK). Streptavidin-HRP and OPD substrate was used to quantify the amount of 
iFABP. The standard curve had a highest level of 2 ng/ml. Samples were diluted 1:1 
in 0.1% BSA/PBS buffer.

To compensate for physiological variations in urine concentrations, we cal-
culated the iFABPu to urinary creatinine (cru) ratio. The level of cru was determined 
by a standard laboratory assay. The iFABPu to cru (iFABP/cru) ratio was calculated 
for each sample and expressed in pg/nmol.

We limited data to the three urine samples collected during the first week 
after birth, i.e. < 48 hours after birth, Day 3, and Day 5; the four urine samples col-
lected in the week prior to NEC onset, i.e. six to seven days, four to five days, two to 
three days, and < 24 hours before the onset of NEC; and the urine sample collected 
within 48 hours after the first clinical suspicion of NEC. Urine sampling in the con-
trols was adjusted according to the postnatal age of the neonates with NEC. 

Sample size calculation

Calculating the size of the sample was based on two previous pilot studies on the 
use of iFABP/cru as a marker in the diagnostics of NEC.15,16 Subjects suspected of 
NEC, and who ultimately indeed developed NEC, had a urine iFABP/cr ratio of 
3.9 pg/nmol (SD 1.9), while subjects without NEC had an iFABP/cru ratio of 1.2 
pg/nmol (SD 0.9).16 A ratio of 2.2 pg/nmol iFABP/cru was taken as the cutoff point 
to differentiate neonates with NEC from neonates with other diagnoses.15 Using 
these values the following sample sizes were calculated. To show a difference in the 
iFABP/cru ratio of ≥ 1.0 with a power of .80 and an alpha of .05, a  total of nine 
infants who developed NEC and 35 matched controls had to be included. 
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Statistical analysis

For statistical analyses we used SPSS 22.0 software for Windows (IBM SPSS 
Statistics 22, IBM Corp., Armonk, New York, USA). 

Comparisons were made using a chi-square test (independent variables) for 
categorical variables and the t test or Mann-Whitney test for continuous variables, 
as appropriate. Comparisons in iFABP/cru ratios within subgroups (dependent vari-
ables) in the first week after birth were made using the Wilcoxon signed rank test. 

In order to detect differences over time within each group and between NEC 
cases and controls in  the week preceding NEC onset, we used multilevel analy-
sis by generalized estimating equation (GEE) with iFABP/cru ratio measurements 
nested within subjects and within clusters of cases and their controls, and with 
an exchangeable correlation structure.  Values of iFABP/cru at  six to seven days 
preceding NEC onset served as baseline.

Variables are presented as n (%) for categorical and ordinal variables or as 
median (range) for continuous variables. We reported our results in median includ-
ing ranges. All tests were two-sided and a P value < .05 was considered statistically 
significant.

Results
A total of 100 high-risk infants, of whom 53% were males, were enrolled in  the 
study between October 2012 and February 2014. The infants were included on the 
basis of 1) BW ≤ 1000 g (n = 1), 2) GA ≤ 30 weeks (n = 41), 1/2) both BW ≤ 1000 g 
and GA ≤ 30 weeks (n = 45), 3) GA between 30–32 weeks and BW ≤ 1250 g (small-
for-gestational age) (n = 1), 4) maternal tocolysis using indomethacin (n = 2), and 5) 
left-side cardiovascular disease (n = 10). 

At the end of the study it appeared that in one case NEC was already present 
on admission, therefore this infant was excluded. Another infant developed NEC 
on Day 43 after birth, but urine collection ended after five weeks (Day 36) after 
birth, so this infant was not included in the analyses either. 
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Enrolled in study protocol
n = 100

Final cohort
n = 99

NEC symptoms
before inclusion 

n = 1

No NEC
n = 88

NEC
n = 11

No informed consent 
or

inclusion >48h postpartum
n = 51

NEC after study period 
n = 1

Included NEC cases
n = 10

Prospective cohort

Case-control
Controls

n = 40

Eligible for inclusion
N = 151

Figure 1. Flowchart of the prospective cohort trial and 
of the case and control patients enrolled

The final cohort consisted of 98 infants. Ten infants developed NEC 
at a median of ten days after birth (range 4–30). None of these infants had been 
enrolled in the study on the basis of a congenital heart disease (inclusion criterion 
5). Bell’s Stage II occurred in two infants and Bell’s Stage III in eight.  Seven infants 
underwent surgery. In one infant surgery was indicated, but not performed, due 
to the infant’s poor clinical condition. Three out of the ten infants who developed 
NEC (33%) died as a consequence of the disease.

For each infant who developed NEC four control infants were selected 
from the remaining 88 infants, resulting in a total of 40 controls. Figure 1 presents 
a flow chart of the infants who were enrolled. Table 1  shows the demographic 
and clinical characteristics of the study population. These characteristics were not 
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different between the cases and controls except for the occurrence of prolonged 
premature rupture of membranes (40% versus 12.5%, NEC versus controls, 
respectively, P = .04) (Table 1).

Table 1. Demographic characteristics of the study population
Characteristic NEC (n = 10) Controls (n = 40) P

Gestational age (weeks) a 27.5  (24.57–29.43) 27.7 (24.0–29.86) .67

Birth weight (gram) a 1010 (775–1630) 995 (615–1735) .99

Male b 5 (50) 17 (42.5) .67

Twinb 3 (30) 11 (27.5) .88

Antenatal steroids b 9 (90) 35 (87.5) .83

Cesarean section b 3 (30) 22 (55) .16

Maternal age (yrs) a 31 (19–41) 28 (20–42)
.32

Reason prematurity b

PPROM ( > 24h)
Spontaneous
Induced birth–maternal
Induced birth–fetal
Induced birth–maternal and fetal

4 (40)
3 (30)
2 (20)
1 (10)
0

  5 (12.5)
20 (50)
  6 (15.0)
  9 (22.5)
  0

.04
.26
.70
.38

APGAR score a

1-minute
5-minute
10-minute

4.5 (1–7)
7.0 (1–9)
8.0 (4–10)

5.0 (0–10)
7.0 (0–10)
8.0 (3–10)

.50

.98

.49

Antibiotics during first 48 hours after birth b 8 (80) 34 (85) .70

Prolonged antibiotic treatment 
( > 48 hours after birth)b

6 (60) 17 (42.5) .33

Sepsis during study period b ^ 7 (70) 16 (40) .09

hsPDAb 4 (40) 15 (37.5) .88

Ibuprofen treatment hsPDAb 4 (40) 15 (37.5) .88

Mechanical ventilation during study inclusion b 7 (70) 27 (67.5) .88

RBC transfusion b

RBC in 48 hours before NEC onset b
8 (80)
2 (20)

28 (70)
Not applicable

.53

Length NICU stay (days) a 40 (6–89) 31 (5–103) .19

Death b 3 (30) 5 (12.5) .18

NEC Bell’s Stage II
NEC Bell’s Stage III

2 (20)
8 (80)

Onset NEC (days after birth)a 10 (4–30)

Surgery b 7 (70)

Data are expressed as amedian (range) or bnumber (percentage).

Abbreviations: NEC – necrotizing enterocolitis; NICU – neonatal intensive care unit; hsPDA hemodynamically 

significant patent ductus arteriosus; PPROM – preterm premature rupture of membranes; RBC – red blood cell; 

^positive blood culture.
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Figure 2A. IFABP/cru ratios in NEC cases and controls in the first week after birth.
Median values of iFABP/cru measurement in the first week after birth (within 48 

hours, at 3 and 5 days after birth) in infants who developed NEC (cases) and their 
controls. Data are shown in Tukey boxplots. Dots represent outliers (more than 3/2 

times the upper quartile). No statistically significant differences were found.

IFABP/cr
u
 ratios during the first week after birth 

The iFABP/cru ratios in  the first urine sample after birth did not differ between 
cases and controls (NEC 0.51 pg/nmol (0.14–6.04) versus controls 1.94 pg/nmol 
(0.05–16.3), P = .33). IFABP/cru ratios measured on  Day 3  and Day 5  after birth 
did also not differ (Day 3, NEC 0.9 pg/nmol (0.3–4.3) versus controls 0.8 pg/nmol 
(0.1–4.1) P = .8, Day 5, NEC 1.81 pg/nmol (0.2–2.9) versus controls 0.9 pg/nmol 
(0.1–3.7) P = .2) (Figure 2A).

IFABP/cr
u
 ratios during the week preceding NEC 

The iFABP/cru ratios during the week preceding NEC did not differ in NEC cases 
and controls (Table 2, Figure 2B). Moreover, multilevel analyses regarding changes 
in iFABP/cru ratios over time did also not differ between cases and controls. 
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Figure 2B. IFABP/cru ratios in relation to clinical suspicion of NEC.
Median values of iFABP/cru measurement in the week prior to NEC onset and within 48 

hours after NEC onset in infants who developed NEC (cases) and their controls. Data are 
shown in Tukey boxplots. Dotted line represents clinical suspicion of NEC (first abdominal 
x-ray). Dots represent outliers (more than 3/2 times of upper quartile). * indicates P < .05.

IFABP/cr
u
 ratios after clinical suspicion of NEC

After the first clinical suspicion of the disease, iFABP/cru ratios were significantly 
higher in NEC cases (4.0 pg/nmol, range 2.9–14.4) compared to controls (2.3 pg/
nmol, range 0.1–7.4), P < .01 (Figure 2B). Within NEC cases, iFABP/cru ratios were 
significantly higher compared to ratios measured more than two days prior to sus-
picion of NEC (Figure 2B, Table 2). 
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Table 2. IFABP/cru ratios in relation to clinical suspicion of NEC
Time in relation to clinical suspicion of NEC NEC (n = 10) Controls (n = 40) P

Time prior to clinical suspicion of NEC

6 – 7 days 0.9 (0.1–4.9)  # 2.0 (0.1–7.7) .2

4 – 5 days 1.8 (0.3–4.4)  # 1.0 (0.1–5.9) .3

2 – 3 days 2.1 (0.2–6.1)  # 2.1 (0.1–7.2) .8

 < 24 hours 3.1 (0.3–5.97) 2.4 (0.2–7.6) .2

Time after clinical suspicion of NEC

 < 48 hours 4.0 (2.9–14.4) 2.3 (0.1–7.4) * .005

Median values of iFABP/cru measurements (pg/nmol) in the week prior to NEC onset and within 48 hours after 

NEC onset in  infants who developed NEC (cases) and their controls. Data are presented as median (range).  

*indicates P < .05. # indicates P < .05 when compared to iFABP/cru < 48 hours after clinical suspicion.

Discussion
In this study we demonstrated that iFABP/cru ratios proved unable to predict which 
preterm neonate would develop NEC. During the first week after birth, iFABP/cru 
ratios in  infants who ultimately developed NEC did not differ in comparison to 
their matched controls. In the week preceding the development of NEC, we found 
no differences in iFABP/cru ratios between NEC cases and their controls, nor did 
we find a  significant increase in  iFABP/cru in  infants who ultimately developed 
NEC. However, after the clinical suspicion of NEC had arisen, i.e., after the first 
abdominal x-ray, the levels of iFABP/cru were significantly higher in infants with 
NEC compared to controls, and compared to iFABP/cru measurements in infants 
with NEC before clinical suspicion. 

The iFABP/cru ratios between the cases who ultimately developed NEC and 
their matched controls did not differ during the first week after birth. Previously, 
Mannoia et al. reported elevated levels of iFABPu ( > 800 pg/mL) during the first 
days after birth in all infants who went on to develop NEC days, or even weeks, 
later.11,20 However, the iFABP levels had not been corrected for creatinine, and 
therefore, were not adjusted for postnatal variations in kidney function or urine 
concentration. In the present study, the range in iFABP/cru ratios during the first 
week after birth was wide in both cases and controls. We found some of the high-
est levels in patients who did not contract NEC. This finding suggests that various 
other transitional perinatal factors, such as birth, the introduction of enteral feed-
ing, or the use of antibiotics, might have affected the neonatal gut and could thus 
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have been the cause of elevated iFABP levels. Elevated levels of iFABP during the 
first days after birth do not seem to be the first sign of any mucosal damage that 
relates to the development of NEC later in life. 

During the week preceding the onset of NEC, we also found no differences 
in iFABP/cru ratios between NEC cases and controls. Even iFABP/cru ratios measured 
within 24 hours prior to the first clinical suspicion of NEC did not differ in  cases 
and controls. Our findings contradict the findings of other studies.11,12 Gregory et al. 
reported that within seven days of diagnosis, the iFABP levels among NEC cases are 
higher than those of controls and that they are even more predictive within three 
days of NEC.12 This relationship is evident among infants with Bell’s Stages I and III; 
surprisingly not in Bell’s Stage II. Nevertheless, Gregory et al. measured iFABP levels 
up to the time of NEC diagnosis, based on documentation of the attending neonatolo-
gist’s diagnosis and initiation of treatment for NEC. Possibly, a clinical suspicion of 
NEC, in that iFABP levels were already elevated, was present before the diagnosis was 
confirmed. We analyzed the predictive value of iFABP/cru ratios until the first clinical 
symptoms of NEC, defined as the first abdominal X-ray within the NEC episode. 

In a study by Gollin et al., a level of iFABP/cru > 10.2 pg/nmol one day prior 
to the first sign of NEC predicted NEC with a sensitivity of 100% and a specificity 
of 95.6%.11 These results were found in five infants with NEC. Samples of NEC cases 
and controls were not matched for postnatal day. Although the authors described 
how they characterized the diagnosis of NEC Stages II and III, they did not men-
tion what they took to be the first sign of the disease. In the present study, the first 
abdominal x-ray within the NEC episode was taken as the first sign of the disease. 
On the day prior to this abdominal x-ray, the iFABP/cru levels were not different 
in cases and controls. None of the ten NEC cases exceeded the 10.2 pg/nmol level 
of iFABP/cru on the day prior to the first clinical suspicion, although some of them 
did so after NEC was suspected. Our findings suggest that iFABP/cru measurements 
have no clear predictive value prior to clinical suspicion of NEC.  

We found significantly higher levels of iFABP/cru ratios in cases compared 
to controls after the clinical suspicion of NEC had arisen. This observation supports 
the hypothesis that NEC is a disease with an acute clinical onset in which intestinal 
damage rapidly leads to clinical signs.15 This is in line with preceding studies inves-
tigating the usefulness of measuring iFABP for diagnosing NEC.10, 15–17, 24, 25 Higher 
levels of plasma iFABP were found in neonates with NEC compared to healthy con-
trols.14,25 Besides, an increase in iFABPu is described in neonates suspected of NEC 
who ultimately developed NEC compared with neonates with other diseases.15 
Although our results are promising in so far as iFABPu is a useful measurement 
for diagnosing NEC, our results also suggests that iFABPu is not useful to predict 
imminent NEC in infants at risk of this disease. 
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To the best of our knowledge this is the first study that prospectively inves-
tigated iFABP/cru ratios in a large cohort of high-risk infants over time. Our results 
demonstrate clearly that iFABP/cru ratios have no role in  the early prediction of 
imminent NEC in preterm infants. The strength of our study is its prospective design 
and – with regards to the power analysis – the size of our sample. We collected urine 
three times a week for five weeks after birth. The case-control study design enabled us 
to match each NEC case to four controls based on GA and BW. Furthermore, samples 
of cases and controls could be compared appropriately on the same postnatal day. 

We also recognize several limitations. First, we performed our study at  one 
center. This did, however, allow us to enroll a homogenous study population, and varia-
tion in sample collection and laboratory procedures were minimal. Second, we did not 
evaluate the influence of episodes of sepsis and feeding intolerance on the iFABPu levels 
separately. Previously, elevated levels of iFABP u were found during such episodes.11 

To conclude, our study clearly demonstrates that iFABP/cru ratios cannot be 
used to predict NEC in asymptomatic preterm infants. A reliable predictor should 
be highly sensitive so as to predict NEC accurately irrespective of the presence 
of other diseases. Only such a sensitive predictor will help to improve the care of 
high-risk preterm infants and NEC patients. Our results support the hypothesis 
that NEC is a disease with an acute clinical onset in which intestinal damage rap-
idly leads to clinical signs. Intestinal damage can be detected with urinary iFABP 
in symptomatic preterm infants with definite NEC. 
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