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Abstract
Objective: This study was conducted to compare serum Cytosolic β-Glucosidase (CBG) levels of age-matchedcontrol patients with those of infants with neonatal necrotizing enterocolitis (NEC), to determine eventualassociation between Serum Cytosolic β-Glucosidase levels with intensity of the disease in NEC infants.

Methods: 82 neonates were divided into controls (group I, n=41), feeding intolerance (group II, n=15), andNEC (group III, n=26). Serum Cytosolic β-Glucosidase was measured at the onset of feeding intolerance orNEC and at weeks 2–3 in control infants (Group I) by ELISA. Data were analyzed using descriptive statistics,non-parametric tests and Student t-test.
Findings: Median birth weights in three groups were 1761.3, 1951.9, 1893.7 g, median gestational ages were33.6, 35.0 and 34.5 weeks and ages of sampling were 15.3, 14.7 and 15.1 days, respectively. The differencesbetween NEC group, feeding intolerance group and the control group were not statistically significant(P>0.05). There was a trend toward an increase in Serum CBG levels (group I 36.5 nmmol/L), group II (112.4nmmol/L) vs. group III (693.0 nmmol/L), (χ2=43.296, P<0.01). Infants in group III had highest CBG levels,compared with group II and I.
Conclusion: Serum CBG is elevated in NEC, maybe NEC is the reason of high level of Serum CBG. In addition,the serum CBG may have utility as an early marker of ischemia in patients at risk for NEC in future studies.
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IntroductionNecrotizing enterocolitis (NEC) is an acquiredgastrointestinal disease which primarily affectspremature infants. It is the most commongastrointestinal emergency in the newborn andmay lead to death in severely affected infants[1-3].The incidence is 1–3 per 1,000 live births,occurring in 10% of infants born under 1500grams and representing 2–5% of NICU

admissions. Mortality has been reported to rangefrom 9–28%[4-7]. The exact etiology andpathogenesis of NEC still remains unknown[8].Although Bell et al[9] published staging criteria forNEC more than 20 years ago, currently, thediagnosis of NEC is based on clinical andradiographic findings. Once patients arediagnosed with definitive NEC (Bell’s stage 2),significant intestinal damage has likely occurred.Accordingly, It is possible that earlier detection of
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intestinal injury and institution of appropriatetreatment might prevent the progression of thedisease[10-11]. Several serum markers have beenproposed as screening tests for intestinal ischemiasuch as IL-1ra, IL-6, C-reactive protein, and so on.These markers suffer from both poor sensitivityand specificity and are elevated only in severeNEC[12-14]. CBG is an enzyme found in intestinalepithelial cells, its specific activity in the combinedintestinal compartments (duodenum, jejunum,ileum, and cecum) is approximately 6,000 U/mg,contributing to more than 80% of the total organexpression of CBG. Several studies suggest thatserum CBG is elevated before transmuralintestinal injury in the animal model occurs[15-16].The aim of this study was to compare serumCBG levels of age-matched control patients withthose of patients with NEC and to determinewhether there was a significant difference.

Subjects and MethodsThree groups of neonates who were treated in theNeonatal Intensive Care Unit (NICU) at QuanzhouChildren's Hospital, Quanzhou, China betweenMay 2008 and June 2010 were enrolled in aprospective, ethically approved observationalcohort study. The study groups consisted ofneonates with a history of feeding intolerance orNEC as per Bell’s staging II and III and who hadlong-term follow-up data available. A controlgroup consisted of corrected gestational age- andweight-matched patients who were admitted toNICU without NEC, sepsis or septic shock,systemic inflammatory response syndrome, or aninborn error of metabolism. Infants withcongenital anomalies or who had recent surgery(<1 week) were excluded from the study. Therewere three groups of infants studied. Controls(Group I) were defined as premature infants (≤37completed weeks) admitted to NICU without anyevidence of sepsis or GI pathology. Feedingintolerance (Group II) was defined as persistentgastric aspirates >50% of the feed volume with orwithout abdominal distension in the absence ofculture-proven sepsis or radiological evidence of

NEC (Bell’s stage I). Group III included infantswith proven NEC (Bell’s stage II and III). Datarelated to antenatal, perinatal and postnatalperiod were collected including birth weight,gestational age and Apgar score. Serum CBG levelwas determined within 24 h of onset of symptomsin the subjects in group II or group III andconcomitantly in Group I.Blood was collected by venepuncture and theserum harvested after centrifugation was storedat -70°C. Serum CBG concentration was quantifiedusing a commercially available enzyme-linkedimmunosorbent assay (ELISA). Briefly, sampleswere diluted 2 times and incubated on a precoatedELISA plate for 1 hour at room temperature. Thesamples were discarded, the ELISA wells werewashed 3 times, and a biotinylated anti-β-glucosidase was added for 1 hour. After furtherwash steps, the wells were incubated withstreptavidin-HRP solution for 1 hour. After a final3-wash steps, Substrate A and Substrate B wereadded to each well. Then Incubated for 10 min at37℃ before the reaction was stopped by additionof H2SO4. The plate was read at 450 nm, andserum CBG concentration was quantified bycomparison with a set of predeterminedstandards.SigmaStat for Windows software (SPSS 13.0.)was used for statistical analysis. Data wereanalyzed using descriptive statistics. Weperformed a Chi Square analysis and used Studentt-test, and Kruskal-Wallis test where appropriate.All non-normality data were expressed asrange±SD (standard deviation). Statisticalsignificance for all tests was defined as P<0.05.

FindingsEighty-two subjects were identified who reachedinclusion criteria for this study; there were 45male and 37 female infants. Study groupencompassed forty-one premature infants ingroup I, 26 infants in group II and 15 infants ingroup III. Demographic characteristics of thestudy groups are shown in Table 1. Median birthweights (mean±SE) in groups I, II and III in the
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Table 1: Characteristics of patients according to study group
Parameter Group I

(n=41)
Group II
(n=26)

Group III
(n=15)

Sex (Male/Female) 8:7 18:8* 19:22*
Corrected gestational age (wk) [mean (SE)] 34.5±1.9 35 ± 2.1* 33.6±2.3*
Age of sampling (days) [mean (SE)] 15.1±2.6 14.7 ± 2.3* 15.3±2.8*
Birth weight (g) (mean±SE) 1893.7 ± 315.7 1951.9 ± 428.6* 1761.3±319.4*
Serum CBG level (nmmol/L) [mean (SE)] 36.5 ± 28.3 112.4 ± 108.5△ 693.0±211.6△*χ2 =3.384, P>0.05 between group III and group II vs. group I.△χ2 =43.296，P<0.01 between group III and group II vs. group I.SE: Standard error

original study were 1761.3±319.4g, 1951.9±428.6g, 1893.7±315.7g, median gestational ages(mean±SE) were 33.6±2.3 weeks, 35±2.1 weeksand 34.5±1.9 weeks and age of sampling were15.3±2.8, 14.7±2.3, and 15.1±2.6 daysrespectively. The differences between Group III vs.Group I and II for gestational age and birth weightwere not statistically significant (Table 1).Serum Cytosolic β-Glucosidase levels weremeasured in all 82 infants. However, The SerumCBG levels in groups I, II and III were 36.5±28.3nmmol/L, 112.4±108.5 nmmol/L, 693.0±211.6nmmol/L (Table 1). There was a trend toward anincrease in serum CBG levels. Infants in group IIIhad highest CBG levels compared with group IIand I using Kruskal-Wallis test (Fig. 1).

DiscussionCBG, an enzyme found in intestinal epithelial cells,was elevated in adult guinea pigs in early ischemicand closed-loop occlusion intestinal injury[15].Although CBG was present in several organs, thesmall intestine had by far the greatest activity.Reed et al found that elevated serum CBG activitypreceded microscopic evidence of severeintestinal injury. In the animal model of NEC thiselevation would occur before microscopicevidence of severe intestinal injury when thedamage could be reversible. This study suggeststhat serum CBG may have utility as an earlymarker of ischemia in patients at risk for NEC, butcurrently no similar test is available for either
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Fig.1: Serum CBG concentrations among NEC, feeding intolerance and controls
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adult or neonatal intestinal injury. In addtion, themechanism of naturally occurring human NEC ismore complex [17,18]. So it is important to findwhether elevated serum CBG activity would occurin human NEC.In our study, there was a trend toward anincrease in serum CBG levels. Infants in feedingintolerance group had higher CBG levels,compared with control group. NEC group hadhighest CBG levels. Our study suggests thatelevated serum CBG levels can occur in early NEC(Bell’s stage 1). Serum CBG levels were associatedwith extensive disease in infants with NEC. Thisfinding is in agreement with previous reportsdescribing the rapid rise of serum CBG afterischemic injury[19,20]. In addition, Morris et al[15]found a rapid rate of rise of serum CBG in animalsundergoing intestinal ischemia and concluded thatother organs expressing CBG did not contributesignificantly to serum CBG activity. Theydemonstrated that CBG specific activity in thecombined intestinal compartments wasapproximately 6,000U/mg, contributing to morethan 80% of the total organ expression of CBG.Thus, in this animal model of NEC, the elevation inserum CBG likely resulted from intestinal injury.There are several limitations to our study.Blood samples were taken only once. The study isa descriptive study, so we can only claim that NECis the probable reason for high level of serum CBG.In future studies we could determine whetherserum CBG has utility as an early marker ofischemia in patients with NEC. And it also shouldbe aimed to find the normal levels of serum CBG inneonates and adults to assist clinicians in thediagnosis of NEC allowing earlier therapeuticintervention with improved survival rates.

ConclusionIn conclusion, this study confirms that serum CBGis elevated in NEC, maybe NEC is the reason ofhigh level of Serum CBG. In addition, serum CBGmay have utility as an early marker of ischemia inpatients at risk for NEC in future studies.
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