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Abstract

Objective—Necrotizing enterocolitis (NEC) is an inflammatory bowel disease of preterm infants 

marked by an absolute monocyte count (AMC) drop in peripheral blood. Our objective was to 

determine whether the degree of AMC drop at illness onset correlates with eventual severity of 

disease.

Study design—The percentage change in AMC was retrospectively calculated for each of 29 

rule-out NEC and 76 NEC cases from baseline to illness onset, and then compared across stages.

Results—Median AMC changes of +0.5% (p = 0.56) were found in rule-out NEC, compared 

with −44.5% (p < 0.0001) in Stage 2 and −81.9% (p < 0.0001) in Stage 3. An AMC change cutoff 

of −75% distinguishes Stages 2 and 3.

Conclusions—The severity of NEC correlated with the extent of AMC change in a dose-

response fashion. Percent AMC change may be a useful marker for identifying NEC at onset and 

prognosticating disease severity.

Introduction

Necrotizing enterocolitis (NEC) is the most common acquired inflammatory bowel disease 

of preterm infants, and can be fatal in the most severely affected infants [1]. At illness onset, 

it is difficult to predict which infants will experience the greatest disease burden [2, 3]. Some 

infants present with fulminant symptoms, while others start with a milder course but retain 

the potential to progress to severe disease. Severe cases may require surgical intervention for 

resection of necrotic bowel or the evacuation of pneumoperitoneum [2–5]. Prediction of 

such severe cases would facilitate timely transfer of affected infants to higher levels of care 

that can offer pediatric surgical expertise [2, 3, 5]. To date, there is no established biomarker 

that can predict which infants will be most severely affected.
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A drop in peripheral absolute monocyte count (AMC) has been reported in preterm infants 

with NEC at the time of illness onset relative to baseline, though this has not been previously 

tied to severity or prognosis [6]. It has been suggested that this reduction is secondary to 

intestinal pathology. Monocyte-derived intestinal macrophages participate in the gut wall 

infiltration classically seen in NEC, and once infiltration occurs, peripheral blood monocytes 

may be called upon to replete the intestinal monocyte pool. A reduction in peripheral blood 

monocyte count should thus be expected at the onset of symptoms, and has indeed been 

demonstrated in Modified Bell Stages 2 and 3 NEC [6]. What has not been previously 

demonstrated is whether the degree of change in peripheral blood AMC occurs to a greater 

extent in more severe disease. In this study, we propose that infants with more severe disease 

will experience greater gut wall infiltration and will thus have a greater reduction in blood 

AMC. We aim to determine whether the change in AMC has promise as a biomarker for 

early identification of NEC as well as its severity. First, we will corroborate prior findings 

that Stages 2 and 3 NEC individually show drops in AMC with regard to baseline. We will 

further investigate whether the two stages can be differentiated in peripheral blood; that is, if 

Stage 3 NEC leads to a greater AMC drop than Stage 2 NEC. These outcomes will be 

measured by the percentage change in AMC from baseline to illness onset. In addition, we 

will compare the changes in AMC that occur in NEC with those that occur in bacteremia, 

which may mimic NEC at illness onset. We hypothesize that no change in AMC will be seen 

in infants with bacteremia. Our secondary outcome is the percent change in AMC from 

baseline to illness onset in infants with bacteremia.

Patients and methods

A retrospective chart review of premature infants admitted to the Neonatal Intensive Care 

Unit (NICU) at Columbia University Medical Center between January 1, 2012 and 

December 31, 2016 was performed. Infants were included if they were born prior to a 

gestational age of 33 weeks, were at least 7 postnatal days old, had no congenital 

gastrointestinal anomalies [7], and had a diagnosis of NEC, rule-out NEC, or late-onset 

bacteremia. Demographic data including sex, birthweight, and gestational age were collected 

on each infant. Infants who had more than one episode of NEC and/or bacteremia were 

classified only by the first illness they experienced, and no data was collected on recurrent 

episodes. Infants with pneumoperitoneum had charts reviewed for operative, pathological, 

and radio-graphic documentation of NEC and those diagnosed with spontaneous intestinal 

perforation were excluded. The study was approved by the Institutional Review Board.

Infants who were diagnosed with NEC were classified according to the severity of illness at 

its peak, under standard modified Bell Stages used in clinical practice [2, 3, 5]. All cases of 

NEC and rule-out NEC underwent a standard workup including complete blood count 

(CBC), blood culture, and abdominal radiograph. They all received broad-spectrum 

antibiotic treatment and were placed on a nil per os (NPO) diet with gastric decompression. 

The duration of this treatment as well as complications determined classification and 

staging. Confirmed NEC cases were treated for a minimum of 7 days. Those that survived 

treatment with no acute surgical complications were considered Stage 2, while those that 

required surgical intervention and/or died during the treatment course were classified as 

Stage 3. Rule-out NEC infants were those who underwent the same workup and treatment as 
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described above, but were later determined to have had benign symptoms. Rule-out infants 

were treated for a minimum of 48 h and a maximum of 72 h.

Infants in the bacteremia group each had a positive blood culture after the first 7 days of life. 

We excluded younger infants in order to confine our group to bacteremia of late-onset only. 

We planned to include any infant with concurrent diagnoses of bacteremia and NEC under 

the appropriate NEC classification. The bacteremia category was not defined by diet or 

bowel rest.

Illness onset for all groups was identified by the time that a blood culture was drawn. Results 

of CBC with white blood cell differential drawn at the same time as the blood culture were 

recorded as the “illness-onset” CBC. The most recent CBC drawn prior to that time point 

was considered “baseline.”

For each infant enrolled, the change in monocyte count from baseline to illness onset was 

calculated as a percent change in AMC, referred to as percent delta AMC. Using 

percentages rather than absolute values allowed us to respect individual baselines. The 

following formula was used:

Percent delta AMC = [(AMC at illness onset ) − (AMC at baseline )] × 100
 AMC at baseline  (1)

Drops in serum monocyte count resulted in negative percentage values and rises in serum 

monocyte counts resulted in positive percentage values. Each patient functioned as his or her 

own control with the expectation that monocyte count fluctuations are minimal in the 

absence of true illness [6].

The study was powered to detect a change in AMC of 0.9 × 103/uL in Stage 2 patients, and a 

change of 1.3 × 103/uL in Stage 3 patients, based on prior work [6]. When calculated with 

standard deviations, we found that we needed 16 subjects to detect an AMC change in Stage 

2 NEC, and 10 subjects for Stage 3 NEC. Absolute values were used for study design, as 

there are no prior data that have evaluated a percentage change in AMC. We hoped to find a 

change between stages 2 and 3 in dose-response fashion.

Statistical analysis

Statistical analysis was performed using the R version 3.5.1 software (R Core Team (2019). 

R: A language and environment for statistical computing. R Foundation for Statistical 

Computing, Vienna, Austria. https://www.R-project.org/) and GraphPad Prism version 8.0.0 

for Windows, GraphPad Software, San Diego, California USA, www.graphpad.com. Our 

data were classified and tested as nonparametric if the data were both continuous and not 

normally distributed, and assessed by the Shapiro–Wilk test on normality. All continuous 

data were determined to be not normally distributed. Clinical characteristics and AMCs from 

the CBCs that were classified as nonparametric were compared by the Wilcoxon Test. 

Percent delta AMC data were visualized using the Tukey–Koopman box-whisker plots. The 

significance of a change from baseline was determined by Wilcoxon Rank–Sum Tests, with 

calculations performed in R statistical software. The changes in each group (rule-out NEC, 

Stage 2, Stage 3, and bacteremia) were compared with each other and p values were 
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calculated. Patients with bacteremia were similarly analyzed and compared to patients with 

NEC.

Receiver–operator characteristics (ROC) on percent change in AMC values between NEC 

stages were computed by plotting sensitivity versus 1–specificity. Youden’s J statistic was 

calculated to maximize sensitivity and specificity. To determine whether the diagnostic 

accuracy of percent change in AMC could be improved by including other clinical 

characteristics (birthweight, sex, gestational age, and time between baseline and illness 

onset,) in the ROC model, stepwise logistic regression was performed and the model with 

the lowest Akaike information criterion was chosen. The only variable included in the 

chosen model was NEC stage. A 2 × 2 contingency table was used to calculate sensitivity, 

specificity, and likelihood ratios. All statistical tests were two-sided and considered 

significant at p < 0.05.

Results

We evaluated 5177 NICU admissions for enrollment, of which 4216 were excluded from 

further review (see Fig. 1). The largest exclusionary criterion was gestational age, for which 

we excluded 3848 infants. Nine hundred and sixty-one charts underwent in-depth review, 

which led to the enrollment of 29 healthy NEC rule-outs, 76 infants with confirmed NEC, 

and 38 with bacteremia. Of the infants with NEC, 61 had Stage 2, and 15 had Stage 3. Table 

1 shows no significant differences in demographics between the four groups (rule-out, Stage 

2, Stage 3, bacteremia). Bacteremic infants were significantly younger at illness onset than 

rule-out NEC and Stage 2 NEC patients. There was no difference in the age of illness onset 

between Stages 2 and 3 NEC or rule-out NEC. Stage 3 infants were more likely than rule-

out NEC patients to have received a packed red blood cell transfusion in the 48 h preceding 

illness onset, however, not more likely than the remaining two groups. Among the 38 

bacteremic infants, the most commonly identified pathogen was Staphylococcus epidermidis 
(Table 2).

Baseline CBCs were drawn a median of 3 days prior to illness onset (range of 0–17 days). 

Rule-out NEC infants demonstrated a median change in AMC from baseline to illness onset 

of +0.5% [IQR −31.2%, +59.5%] (p = 0.56). Infants with Stage 2 NEC experienced a 

median percent delta AMC of −44.5% [IQR −70.4%, −25.3%] from baseline to illness onset 

(p < 0.001) and those with Stage 3 NEC experienced a median percent delta AMC of 

−81.9% [IQR −88.0%, −70.5%] (p < 0.001). Infants with bacteremia experienced a median 

percent delta AMC of +4.9% [IQR −29.5%, +93.0%] (p = 0.1). See Fig. 2 for details.

Our primary outcome was the ability to distinguish eventual Stages 2 and 3 from the percent 

delta AMC calculated at illness onset. We have demonstrated that infants with Stage 3 NEC 

had a significantly greater drop in AMC than those with Stage 2 NEC (p < 0.001). A 

receiver–operator curve was constructed, with Stage 3 denoted as “positive,” and Stage 2 as 

“negative” (see Fig. 3), with an area under the curve of 0.83. To distinguish Stages 2 and 3, 

the optimal change in AMC was found to be −75%, or an AMC drop of 75% from baseline, 

with 73% sensitivity and 87% specificity in the diagnosis of Stage 3 NEC. The positive 

likelihood ratio for this relationship was 5.62.
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The ability to distinguish true NEC from benign symptoms carries a great deal of clinical 

importance. Figure 2 demonstrates that healthy rule-out infants and those with true NEC 

(Stages 2 or 3) experienced significantly different percent delta AMCs at illness onset. In 

Fig. 4, the ability to distinguish suspected NEC and true NEC using percent delta AMC is 

plotted on a ROC curve. The area under the curve is 0.81, and with a cutoff of −50%, 

sensitivity and specificity are maximized at 51% and 93%, respectively. The positive 

likelihood ratio for this relationship is 7.28.

Discussion

Our data are the first to pilot the drop in AMC at disease onset as a potential biomarker for 

NEC severity, and to demonstrate a dose-response relationship between disease burden and 

AMC drop. To date, no other biomarker has been offered at illness onset for prediction of 

disease severity. AMCs are available on CBCs without additional phlebotomy or cost, and 

are closely tied with the histopathology of NEC. Our data corroborate prior findings that 

healthy infants who transiently mimic the symptoms of NEC show no change in AMC; as 

well as the fact that true NEC is characterized by a drop in AMC, likely owing to infiltration 

into the intestinal wall [6, 8]. We build on these findings by showing the absence of a 

significant AMC change in infants with late-onset bacteremia, distinguishing bacteremia 

from confirmed NEC.

Early identification of Stage 3 NEC has implications for management. Smaller community 

hospital NICUs may not have pediatric surgical consultation readily available, and would 

benefit from identifying cases that should be transferred to large university centers. 

Transportation between hospitals is safer when undertaken with hemodynamic stability [9], 

and therefore should be attempted early in the disease process before potential 

decompensation. In addition, a prognostic biomarker could guide appropriate family 

counseling.

The absence of a significant AMC change in bacteremic infants implies that the change seen 

in NEC should not be attributed to bacterial translocation from the gut to the bloodstream, 

which is thought to contribute to the systemic inflammatory response seen in NEC [2, 5]. 

The drop in peripheral monocyte count is more likely a secondary effect of macrophage 

infiltration of the gut wall, leading to the need for intestinal monocyte pool repletion [6]. 

The ability to tie histopathology to a clinically available marker offers a sense of precision 

that is inherently unavailable with non-specific markers such as C-reactive protein or 

procalcitonin. In addition, infants who experience bacteremia without NEC are less likely to 

need prolonged bowel rest [10], and a biomarker suggesting against NEC may lead to 

greater clinician confidence in restarting feeds in symptomatic infants. For instance, a 

benign entity that may mimic NEC in its early stages is functional dysmotility, which is 

commonly seen in preterm infants and does not necessarily warrant an NPO diet [11].

We were surprised to enroll more patients with Stage 2 NEC than healthy rule-outs; we 

attribute this to our requirement for the strict documentation of concern for NEC, which may 

have excluded several patients that would otherwise have been enrolled. In addition, the 

consequences of leaving NEC untreated are often considered greater than the consequences 
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of overtreating, perhaps leading many clinicians to err on the side of caution in ambiguous 

cases. Finally, we excluded infants born at gestational ages 33 weeks and older. The 

likelihood of NEC in late preterm infants is low but not zero, and including these infants 

may have contributed additional patients to our groups. However, it was important to 

exclude these infants as the phenotypic profile of circulating monocytes changes throughout 

gestation [12]. Monocyte relationships have not been previously studied in late preterms 

who develop NEC.

Recent murine data has modeled NEC using packed red blood cell transfusions in the setting 

of anemia [8]. We were unable to find this effect in our cohort, presumably due to low 

numbers. Though infants with Stage 3 NEC were more likely to have received a recent 

packed red blood cell transfusion than rule-out NEC infants, they were not more likely than 

bacteremic infants, making it difficult to draw associations between NEC and recent 

transfusion.

Potential confounders that affect monocyte levels have been proposed. Inflammation is a 

classic source of monocyte production and use, as they are part of the innate immune system 

and participate in antigen presentation. Additionally, in the setting of red blood cell 

transfusions, monocyte levels rise in an effort to clear nontransferrin bound iron from 

circulation, which is particularly important when using older units of blood [13]. Monocytes 

also participate in the removal of senescent red blood cells [13, 14].

To our knowledge, this is the first study to propose a dose-response relationship of NEC 

stages based on AMC as a biomarker. Our data show that the median changes in AMC are 

−44.5% in Stage 2 NEC and −81.9% in Stage 3 NEC, which carry statistical significance. 

We also show that an AMC drop of at least 75% from baseline suggests Stage 3 NEC, and 

we believe that this can help guide earlier management. At this point, the use of this 

biomarker should be limited to the infants who have already raised clinician suspicion for 

NEC, as no data has been gathered on asymptomatic patients. We hope that future studies 

can be aimed at evaluating infants with strict prospective diagnostic criteria including 

physical exam findings, in order to fully validate AMC as a predictive biomarker.
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Fig. 1. CONSORT diagram.
5177 infants were admitted to the NICU, of which 4216 were excluded (3848 due to GA > 

33 weeks, 139 outborns, 78 due to death prior to 1 week of life, 6 with early-onset sepsis, 

and 2 with congenital GI anomalies. Of the remaining 961 charts, 29 healthy NEC rule-outs 

were enrolled, 61 with Stage 2 NEC, 15 with Stage 3 NEC, and 38 with bacteremia.
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Fig. 2. Change in AMC from baseline to illness onset, expressed as a percentage, grouped by final 
diagnosis (*p < 0.001).
No significant AMC change from baseline is seen in infants with rule-out NEC or 

bacteremia without NEC. Infants with Stages 2 and 3 NEC show significant changes in 

AMC at the time of illness onset, relative to baseline (p < 0.001). Infants with Stage 3 NEC 

demonstrate a change in monocyte count that is significantly greater than the change seen in 

Stage 2 NEC, p < 0.001. There is a significant difference between the AMC change in rule-

out NEC versus true NEC (Stages 2 or 3), p < 0.001.
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Fig. 3. Receiver–operator curve, to distinguish Stages 2 and 3 NEC.
With Stage 3 denoted as “positive” and Stage 2 as “negative,” sensitivity is plotted on the Y-

axis and 1-specificity or false positive rate on the X-axis. These parameters are optimized at 

an AMC change of −75% from baseline, which is 73% sensitive and 87% specific in the 

diagnosis of Stage 3 NEC, with a positive likelihood ratio of 5.62.
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Fig. 4. Receiver–operator curve, to distinguish rule-out NEC from confirmed NEC.
With Stages 2 and 3 denoted as “positive” and rule-out NEC as “negative,” sensitivity is 

plotted on the Y-axis and 1-specificity or false positive rate on the X-axis. These parameters 

are optimized at an AMC change of −50% from baseline, which is 51% sensitive and 93% 

specific in the diagnosis of true NEC, with a positive likelihood ratio of 7.28.
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Table 2

Pathogens implicated in infants with late-onset bacteremia (n = 38).

Number of patients affected Bacterial species

20 Staphylococcus epidermidis

2 Escherichia coli

2 Klebsiella pneumoniae

2 Staphylococcus aureus, methicillin-resistant

2 Staphylococcus aureus, methicillin-sensitive

1 Clostridium perfringens

1 Enterobacter aerogenes

1 Enterococcus faecalis

1 Serratia marcescens

1 Staphylococcus auricularis

1 Staphylococcus hominis

1 Staphylococcus saprophyticus

1 Staphylococcus warneri

1 Staphylococcus hemolyticus

1 Streptococcus agalactiae (Group B strep)

Staphylococcus epidermidis was the most prevalent (20/38) pathogen found. Thirty-two of 38 cultures tested positive for gram-positive bacteria.
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