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Summary

Necrotizing enterocolitis is a devastating emergency, multifactorial disease. Inter-alpha inhibitor proteins
are serine protease inhibitors involved in many physiological and pathological activities.

Aim: this study was designed in order to assess the value of inter-alpha inhibitor proteins in predicting and
improving accuracy of diagnosis of NEC in newborn infants with non- precise abdominal and intestinal man-
ifestations.

Materials and Methods. This study was prospective longitudinal research that included 80 newborn infants
presented with non-specific abdominal manifestations. Infants were divided into two groups. Group A; infants
who developed necrotizing enterocolitis, they had stage II or IIl necrotizing enterocolitis according to modified
Bell’s criteria. Group B; included infants who did not develop necrotizing enterocolitis. Serum inter alpha in-
hibitor proteins level was measured by ELISA.

Results. In necrotizing enterocolitis group, the median inter-alpha inhibitor protein level was (9.38 mg/L),
this was significantly lower than non-necrotizing enterocolitis group (44.40 mg/L), P<0.01. Inter-alpha in-
hibitor protein was reduced in stage IA than stage IIIB. Inter-alpha inhibitor protein values were decreased in
preterm and full term infants with sensitivity of 98 % and specificity of 96% at cutoff <19.42 and <19.96 mg/L.
The cut off in non-survival cases was >13.29 mg/L with sensitivity of 53.33 % and specificity of 92.31%.

Conclusion. Inter-alpha inhibitor protein levels were reduced in full term and preterm infants with necro-
tizing enterocolitis, consequently it may improve diagnosis of necrotizing enterocolitis in newborn infants. It
has prognostic value and correlate with severity of necrotizing enterocolitis. It might predict non- survival cases.
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Introduction 4 [3-5], but a few researches confirm its role in

Necrotizing enterocolitis (NEC) is a multifac-
torial overwhelming disease typically occurs without
clinical warning [1]. Diagnosis of NEC can be difficult,
because symptoms and signs may be nonspecific
especially in preterm and sick full term infants who
have feeding intolerance and non-specific abdominal
disorders. A presumption of NEC will be followed
by restraint of enteral feeding for 3 days at least. It
is important to detect useful biomarkers to confirm
the diagnose and establish the seriousness of NEC.
Early diagnosis will promote early intervention,
safe care and better outcome of newborn infants
with inconclusive diagnosis of NEC and prevent
unnecessary discontinue of enteral feeding and use
of parenteral nutrition and antibiotics especially in
developing countries with limited resources [2].

Inter-alpha inhibitor proteins (IaIp) molecules
are part of innate immunity and play a critical role
during inflammation. IeIp molecules have unique
immunomodulatory effects by reducing TNF-a dur-
ing systemic inflammation and augmenting anti-
inflammatory IL-10 during sepsis in neonatal

diagnosis of NEC.

Our research question was can Ialp predict
the diagnosis of NEC in newborn infants? Hence,
this study was designed in order to assess the value
of Inter-alpha inhibitor proteins in predicting and
improving the accuracy of diagnosis of NEC in new-
born infants with non- precise abdominal and in-
testinal manifestations.

Materials and Methods

This was prospective longitudinal study carried
out in NICU. It involved 80 newborn infants admitted
to the NICU.

Ethical approval. The study protocol was ap-
proved by the ethics committee of Faculty of Medi-
cine for Girls, AL-Azhar University. Approval number
is 202010422 on 6/10/2020.

Informed consent was obtained from the parents
after explaining the aim of the study. The aim, steps
of the study, were discussed with the parents. Con-
fidentiality of all data was ensured. The researchers
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explained to the parents the nature of the study,
the possible benefits to understand the nature of
the disease. There was no additional risk/pain or
invasive procedures as the extra test will be per-
formed with the routine investigations. Also we in-
formed parents that they can withdraw at any time.

The inclusion criteria included newborn infants
presented with non-precise abdominal and intestinal
manifestations as feeding intolerance, increased
gastric aspirates, abdominal distention, and ab-
dominal tenderness.

The exclusion criteria included newborn infants
with congenital anomalies and symptoms suggestive
errors of metabolism.

According to the results of investigations, the
newborn infants were divided into two groups:
Group A; infants who developed NEC and group B;
infants who did not develop NEC. Modified Bell’s
staging criteria was used to estimate NEC stages [6].

All studied neonates were subjected to complete
prenatal and natal history taking, thorough clinical
examination, radiological and laboratory investi-
gations including the serum inter alpha inhibitor
proteins at the time of initial presentation.

Plasma IalIp levels were measured quantita-
tively using a competitive enzyme-linked im-

munosorbent assay with a monoclonal antibody
against human lalp.

The neonates were evaluated for the increase
in abdominal girth, abdominal tenderness or redness,
absence of intestinal sound as well as amount and
colour of gastric residuals. Sign of respiratory distress
or circulatory failure and hematological disorders
as DIC were assessed. Also cases were assessed for
temperature instability, apnea, bradycardia, lethargy,
hypotension, emesis or blood in stool. Results of
laboratory investigation as metabolic acidosis, and
thrombocytopenia, and radiological findings de-
termine the plane of treatment.

The newborn infants who proved to be NEC
were assessed for need of ventilatory support when
there was frequent apnea or respiratory failure, or
need of vasopressors/inotropes as well as surgical
consultation.

Statistical Analysis. Data were collected, coded,
revised and entered to the Statistical Package for
Social Science (SPSS) version 20. The statistical sig-
nificance criterion was P<0.05.

The criterion for assessing the normality of
the parameters distribution, descriptive statistics
was assessed using the kolmogorov smirnov test
and Shapiro wilk test. To measure the diagnostic

Table 1. Comparison between infants who developed NEC and those who did not developed NEC/suspected group.

Parameters Value in groups Test

Not developed NEC Developed NEC Y2/ t* P
Gender, n (%)
Male 30 (57.70) 15 (53.60) 0.126 0.723
Female 22 (42.30) 13 (46.40)
Gestational age, weeks
Mean +SD 33.96+3.85 34.39+3.56 —0.490* 0.625
Maturity, n (%)
Pre term 33 (63.5) 17 (60.7) 0.059 0.809
Term 19 (36.5) 11 (39.3)
Type of delivery, n (%)
NVD 15 (28.8) 8 (28.6) 0.001 0.979
Postnatal age, days
Mean +SD 1.84+1.45 1.82+1.44 0.064* 0.949
Consanguinity, n (%)
Negative 41 (78.8) 19 (67.9) 1.172 0.279
Positive 11 (21.2) 9 (32.1)
Outcome, n (%)
Non-survival 10 (19.2) 18 (64.8) 16.24 <0.001
Survival 42 (80.8) 10 (35.2)

Note. * — Independent z-test; x2 = Chi square test.

Table 2. Comparison between infants who developed NEC and those who did not develop NEC as regard to ab-

dominal examination.

Indicators Value in groups, n (%) Chi square test
Not developed NEC Developed NEC X2 P-value

Abdominal distension 38 (73.1) 23 (82.1) 0.826 0.363

Abdominal tenderness 14 (26.9)

Occult blood in stool

Negative 47 (90.4) 0 (0.0 21.945 <0.001

Positive 5(9.6) 28 (100.0)

Gastric aspirate

Bloody 2(3.8) 26 (92.86) 27.619 <.001

Bilious 0(0.0) 2(7.14)

Negative 50 (96.2) 0 (0.0)
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ability of the Ialp, the ROC curve was used for map-
ping of the sensitivity versus for all possible values
of the cut-off point between cases and controls.

The cut-off point chosen was the best point
for balancing the sensitivity and specificity on the
curve. The cut-off point corresponding to these
sensitivity and specificity values is the one closest
to the (0, 1) point and was taken to be the cut-off
point that best differentiates between the NEC cases
and non NEC cases.

Results

Description of the study population

The study population included 80 newborn
infants. Thirty cases were full term infants and fifty
cases were preterm infants. Twenty-eight cases de-
veloped NEC of stage II and III according to Bell’s
classification, while 52 cases did not develop NEC.

There was no significant difference regarding
gestational age, gender, mode of delivery, postnatal
age, and anthropometric measurements between
infants who developed NEC and those who did not
develop NEC, P>0.05.

In the NEC group, 17 (60.7%) newborn infants
were preterm and 11 (39.3%) newborn infants were
full-term (Table 1).

Clinical presentation

There was non-significant difference between
the NEC group and non NEC group regarding ab-
dominal distension; 82.1% of newborn infants of
NEC group had abdominal distension, while 73.1%
of the non NEC group had abdominal distension,
P>0.05. Our study showed that gastric residuals is
an indicator for newborn infants who developed
NEC. All the patients in NEC group had gastric as-
pirates; 92.86. % of cases had bloody brownish
residual and 7.10% had bilious residual (Table 2).

Laboratory findings

In the NEC group, the median inter-alpha in-
hibitor protein level was 9.38 mg/L which was sig-
nificantly lower than the non NEC group
(44.40 mg/L), P<0.01. Inter-alpha inhibitor protein
level was reduced in stage IIIB than IA stage
(Table 3, 4).

The total leukocytic count was significantly
increased in NEC group, P<0.001, there was in-
significant difference in hemoglobin level and red
blood cells count or platelets.

The Table 2 shows that there was no statistically
significant difference between the two groups as
regard to abdominal examination with P>0.05 while

Table 3. Comparison between infants who developed NEC and those who did not develop NEC as regard to inter-

alpha inhibitor protein level, Median (IQR).

Indicators

Inter-alpha inhibitor protein, mg/L

Mann-Whitney test

U P-value
All cases
No NEC 44.40 (28.8-62.02) -7.344 <0.001
NEC 9.38 (4.45-14.64)
Preterm
No NEC 29.04 (13.04-57.73) -5.745 <0.001
NEC 7.75 (3.17-13.04)
Full term
No NEC 25.96 (15.33-44.38) -4.497 <0.001
NEC 13.52 (9.10-16.79)
No NEC
Preterm 29.04 (13.04-57.73) -0.353 0.724
Full Term 25.96 (15.33-44.38)
NEC
Preterm 7.75 (3.17-13.04) -1.717 0.086
Full Term 13.52 (9.10-16.79)
Outcome
All non-survival 21.22 (13.73-47.92) 1.242 0.214
All survival 34.32 (13.2-54.42)
Blood culture
Positive 21.54 (11.21-35.23) -4.150 <0.001
Negative 54.81 (44.38-67.90)

Table 4. Inter-alpha inhibitor protein levels in relation to stage of NEC, Median (IQR).

Staging n Inter-alpha inhibitor protein,+ mg/L Kruskall-Wallis test
K P-value
IA 35 57.73 (44.38-67.9) 44.045 0.001
IB 17 25.1 (21.56-28.4)
IIA 6 17.98 (17.35-19.42)
1IB 10 13.07 (9.65-13.52)
IIIA 6 6.75 (4.5-7.75)
111B 6 1.03 (0.73-1.92)
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occult blood in stool and gastric aspirate showed
highly statistically significant difference between
the two groups with P>0.001.

Blood culture was positive in 38.5% of NEC
group and in 3.6% of non NEC group, P<0.01
(Table 5, 6).

The figure shows the cut off point for the in-
ter-alpha inhibitor protein in relation to gestational
age as well as for prediction of mortality among the
studied groups.

Discussion

Necrotizing enterocolitis is the most serious
gastrointestinal disorder to occur in the newborn
infant population. Mortality approaches 100% in
the most severe cases with perforation, peritonitis,
and sepsis. NEC mainly affect premature infants,
but it is recognized in full-term infants too [7].

There are new markers that may help diagnosis of
NEC, but with variable significance [8, 9]. lalp is a
fairly new marker with high sensitivity and specificity
in detection of neonatal sepsis [10], but a few re-
searches confirm its role in diagnosis of NEC. This
study was designed in order to assess the value of
inter-alpha inhibitor proteins in predicting and im-
proving the accuracy of diagnosis of NEC in newborn
infants with non-precise abdominal and intestinal
manifestations.

In this study, 60.7% of newborn infants who
developed NEC were preterm and 39.3% were
full term infants. Premature babies are prone to
develop NEC due to multiple risk factors including
immature mucosal barrier, gastrointestinal dys-
motility and stasis which lead to malabsorption,
bacterial growth and microbial dysbiosis that lead
to mucosal injury [11].

Table 5. Comparison between infants who developed NEC and those who did not develop NEC as regard to hema-

tological investigation.

Parameter Value in groups Independent #-test
Not developed NEC Developed NEC t P-value
Mean + SD
RBCs/uL 4.05£1.00 4.08+0.76 -0.158 0.875
PLT/pL 83.23+34.89 81.68+32.97 0.194 0.847
Hb(g/dL) 14.19+3.09 14.15+3.36 0.059 0.953
Mann-Whitney test
V4 P-value
Median (IQR)
WBCs/pL 19.25 (12.15-27.5) 31.2 (21.8-66.5) -3.657 <0.001
Lympho (%) 28.45 (14.5-46.1) 25.55 (15-35.8) —0.042 0.967
Mono (%) 4.3 (1.8-10.6) 10.45 (6.75-13.2) -1.825 0.068
Eosino (%) 0 (0-0) 0 (0-0) -0.126 0.900

Table 6. Comparison between infants who developed NEC and those who did not develop NEC as regard to blood

culture.
Blood culture Value in groups, n (%) Chi square test
Developed NEC not developed NEC X2 P-value
Negative 32 (61.5) 27 (96.4) 11.444 0.001
Positive 20 (38.5) 1(3.6)
Inter-alpha inhibitor protein
Preterm infants Full term infants Mortality
100 F 100 100
80 H 80 H 80
-‘E 60 H 60 H 60|
=
£ | a0} a0} aof
3 i
20 H 20 H 20
of i " i i J o . : ' ‘ J oo a . N . ;
0 20 40 60 80 100 0 20 40 60 80 100 0 20 40 60 80 100
100-Specificity
Indicators Cut-off point AUC Sensitivity Specificity PPV NPV
Preterm <19.42 mg/L 0.996 98 96 96.1 98
Full term <19.96 mg/L 0.993 98 96 96 98
Mortality >13.29 mg/L 0.70 53.33 92.31 88.9 63.2

Fig. Receiver operating curve of inter-alpha inhibitor protein.
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The current study showed that mean levels of
inter-alpha inhibitor protein were significantly de-
creased in the NEC group (9.38 mg/L) than the non
NEC group (44.40 mg/L), P<0.01. This was in agree-
ment with previous study done by Chaaban et al.
who reported that the mean IaIp level in the con-
firmed NEC group was significantly lower than the
control group [12] and with study of Shah et al.
who found that Ialp levels were significantly de-
creased in infants with NEC compared to newborn
with spontaneous intestinal perforation and matched
controls. The diagnostic accuracy of Ialp for NEC
was superior to that of CRP [13].

In this study, further analysis of the laIp mean
values in relation to gestational age, showed that
Ialp can predict NEC in preterm and full term
infants; the mean values were decreased in preterm
infants and full term infants with NEC than in
preterm and full term infants who did not develop
NEC, P<0.01. Furthermore, there was no significant
differences in lalp levels between full term infants
with NEC and preterm infant with NEC.The cutoff
point for diagnosis of NEC was <19.42 mg/L in
preterm infants and <19.96 mg/L in full term infants.
The sensitivity was 98% and specificity was 96% in
preterm and full term infants. These data showed
that IaIp can be used to predict NEC in preterm as
well as full term infants with suspected abdominal
manifestations, up to our knowledge, this is first
study to show the cutoff value in preterm and full
term infants.

A probable justification for low values of Ialp
among NEC cases may be due to down-regulation
of Ialp synthesis, it is considered as a negative
acute-phase reactant [14]. Also lalp is very susceptible
to proteolysis by numerous proteinases implicated
in inflammation — namely plasmin, thrombin and
kallikrein. Plasma Ialp is particularly sensitive to
cleavage by neutrophil elastase, and the light chain
bikunin released from the Iazlp complex exerts its
inhibitory activity on serine proteases [15].

Our study showed association between lalp
and severity of NEC as IaIp level was reduced among
neonates with stage IIIB than those with stage IA,
also there was significant decrease in laIp among
cases who showed ascites and pneumoperitoneum.
In severe sepsis there is significant consumption of
systemic Ielp and extended secretion of elastase
that decompose laIp [16]. Hepatic laIp biosynthesis
is also down regulated throughout severe inflam-
mation like advanced NEC stages.

Also we found significant decrease of lalp in
cases with positive blood culture than those with
negative blood culture, this finding is not matched

with the previous study. 12 It is reported that the
defending impacts of Ialp may be due to its effect
as potent inhibitors of furin which is endogenous
cell membrane-associated serine endoprotease,
that has role in incomplete initiation of proteolysis
of bacterial toxins [17].

Also, Ialp values insignificantly decreased
among non-survival cases. The cutoff point for
mortality was >13.29 mg/L with sensitivity of 53.33
% and specificity of 92.31%. As far as we know this
is first study to look at the differences between IaIp
in survival and dead cases with NEC. IaIp values
were inversely related with mortality in adult with
sepsis. Failure of recovery of lalp levels over the
course of sepsis is associated with an unfavorable
outcome [18].

There is shortage of precise clinical and labo-
ratory findings that constrains early diagnosis of
NEC and results in over diagnosis with subsequent
vigorous treatment. The typical clinical diagnostic
features of necrotizing enterocolitis may be delayed,
while early diagnostic symptoms and signs as feeding
intolerance are not specific and may be related to
prematurity or other illness as sepsis. There are no
single conclusive laboratory tests to diagnose necro-
tizing enterocolitis; abnormal leukocytes count or
platelets could be related to infection. The early
imaging may be normal or shows mild ileus as fixed
dilated loops of bowel, that may need to be repeated
to confirm the diagnosis, this carry risk of exposure
to radiation. Extraluminal air outside the intestine
or pneumatosis intestinalis are sign of advanced
necrotizing enterocolitis. lalp can be added to di-
agnostic tool of NEC due to its high sensitivity,
specificity in predicting NEC and its prognostic
value.

Biomarker research has remarkable capacity
to expand our realizing of the pathogenesis of NEC
and consequently progress in early diagnosis and
management [19]. Although there is emerging role
for proteomic or a metabolomic studies, but it is
expensive and needs multidisciplinary studies and
efforts by researchers with diverse expertise [20].

Conclusion

From these findings we conclude that inter-
alpha inhibitor protein levels were reduced in full
term and preterm newborn infants with NEC, con-
sequently use of inter-alpha inhibitor protein as
potential marker may improve the diagnosis of NEC
in neonates with nonspecific and suspected ab-
dominal disorders. Inter-alpha inhibitor protein
had prognostic values and its level is associated
with the severity of NEC and might predict mortality.
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