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Abstract

Objective—Necrotizing enterocolitis (NEC) is a leading cause of morbidity and mortality in 

preterm infants born prior to 32 weeks gestation or with a birth weight less than 1500 grams. In 

this article, we review hematological abnormalities associated with NEC.

Methods—A literature search was performed using the databases PubMed, EMBASE, and 

Scopus, and the electronic archive of abstracts presented at the annual meetings of the Pediatric 

Academic Societies.

Results—Thrombocytopenia, disseminated intravascular coagulation, increased or decreased 

neutrophil counts, and hemolytic anemia are frequent events in NEC.

Conclusions—NEC is associated with several hematological abnormalities, which may play a 

direct or indirect role in the pathogenesis of gut mucosal injury. Some of these abnormalities carry 

important prognostic information.
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Introduction

Necrotizing enterocolitis (NEC), an inflammatory bowel necrosis of premature infants, is a 

leading cause of morbidity and mortality in infants born prior to 32 weeks’ gestation and 

with a birth weight less than 1500 grams (1, 2). Although the etiology of NEC is unclear, 
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current evidence associates NEC with diverse pre- and postnatal factors such as placental 

insufficiency, prolonged/ premature rupture of membranes, chorioamnionitis, gut ischemia, 

altered bacterial colonization, viral infections of the gastrointestinal tract, bacterial 

overgrowth, and blood transfusions (1, 2). These conditions presumably alter/disrupt the 

epithelial barrier and promote the translocation of luminal bacteria into the sub-epithelial 

lamina propria, thereby triggering an inflammatory reaction in the immature gastrointestinal 

tract (1, 3). Severe cases of NEC may be associated with massive spillage of bacterial 

products into the bloodstream or even frank bacteremia, resulting in a systemic 

inflammatory response and multi-organ dysfunction (4).

Hematological abnormalities were first reported in NEC by Hutter et al. (5), who noted that 

thrombocytopenia, disseminated intravascular coagulation, increased or decreased 

neutrophil counts, and hemolytic anemia occur frequently in these patients. Although these 

abnormalities remain mild and require no intervention in many infants with NEC, others 

with severe disease require blood product transfusions and careful vigilance for 

complications such as hemorrhage, infections, anemia, and even death (4, 6). In this article, 

we review the clinical presentation, pathophysiology, and treatment of hematological 

abnormalities associated with NEC.

Platelet counts

Thrombocytopenia, defined as a platelet count <150 × 109/L, is seen at clinical presentation 

in 50-95% of all infants with NEC, and many have platelet counts in the range of 30 × 109/L 

to 60 × 109/L (5, 7, 8). Ververidis et al. (9) reviewed the clinical course of 58 consecutive 

neonates with advanced NEC (Bell’s stages II or III, gestational age 23-41 weeks, birth 

weight 550-4,270 grams) and noted platelet counts < 150 × 109/L in 54 (93%) infants and 

counts <100 × 109/L in 51 (88%). These data are similar to previous reports by Hutter et al. 

(5), Patel et al. (8), O’Neill et al. (7), and Kenton et al. (10). More recently, Baer et al. (11) 

reviewed the clinical course of 11281 neonates admitted to level III neonatal intensive care 

units to determine the causes of severe thrombocytopenia (platelet counts <50 × 109/L) in 

this population. They identified severe thrombocytopenia in 273/11281 (2.4%) infants, and 

NEC was used to explain the low platelet counts in 52 (14%) of these neonates.

Most neonates with advanced NEC develop thrombocytopenia within 24-72 hours of onset 

of disease (5, 8, 10). The severity of thrombocytopenia correlates with Bell’s clinical stage 

of NEC, and a rapid drop in platelet counts to <100 × 109/L is a sensitive (although not 

specific) predictor of bowel gangrene (full-thickness bowel necrosis) or the need for surgical 

intervention (7, 9). Ververidis et al. (9) noted most of their patients who showed a rapid drop 

in platelet counts to <100 × 109/L were bacteremic. In patients without intestinal necrosis, 

platelet counts recovered to normal levels within 24 hours (9). Overall, in survivors, the 

median time to recovery to a platelet count greater than 150 × 109/L is about 7 to 10 days (5, 

8).

Infants who die of NEC may have lower nadir platelet counts than survivors. In the cohort 

described by Ververidis et al. (9), 42/58 (72%) patients survived the acute episode of NEC. 

Patients who died of NEC had a lower nadir in platelet counts than the survivors. All 
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patients with a platelet count greater than 100 × 109/L during the course of the disease 

survived. Ragazzi et al. (12) recorded platelet counts <150 × 109/L in 86% of non-survivors 

vs. 43.3% of the survivors (p<0.0001). Severe thrombocytopenia (<100 ×109/L) was noted 

more frequently in non-survivors (70%) than in survivors (33%; p<0.0001). In another 

study, Kenton et al. reported higher median platelet counts in survivors than in non-

survivors (203 × 109/L vs. 33 × 109/L; p<0.001). Severe thrombocytopenia was a predictor 

of mortality (adjusted OR 6.39; p=0.002) and NEC-related gastrointestinal complications 

such as cholestatic liver disease and short bowel syndrome (adjusted OR 5.47; p=0.006).

Although most patients with NEC do not show signs of disseminated intravascular 

coagulation, the primary mechanism for thrombocytopenia is widely believed to be 

increased platelet destruction. Indirect evidence for platelet consumption is seen in the rapid 

drop in platelet counts in many patients, and also in the short-lived rise in platelet 

concentrations following transfusions that last less than 24-48 hours (13). The mechanism(s) 

of thrombocytopenia in NEC has not been investigated in clinical studies, but existing 

information from animal models indicates a likely role of platelet-activating factor and 

increased circulating concentration of bacterial products such as lipopolysaccharide (14). 

These mediators stimulate endothelial cells and macrophages to release inflammatory 

cytokines and nitric oxide, which, along with thromboplastin released from gangrenous 

bowel, can increase platelet activation and aggregation in the microvasculature (7).

Several studies have evaluated thrombopoietin (Tpo) concentrations in neonates with NEC/

bacterial sepsis, and have consistently shown higher plasma thrombopoietin (Tpo) 

concentrations in these infants than their healthy counterparts (15, 16). However, it was 

unclear whether these elevated Tpo levels were the result of increased Tpo production or 

rather reflected decreased megakaryocytes and therefore sepsis-mediated suppression of 

megakaryocytopoiesis. To answer this question, Brown et al. (17) measured plasma Tpo 

concentrations, circulating megakaryocyte progenitors, reticulated platelet counts, and the 

percentage of reticulated platelets in the circulating platelet pool (RP%) in 20 neonates with 

sepsis and/or NEC. They showed elevated concentrations of Tpo, circulating megakaryocyte 

progenitors, and RP% in thrombocytopenic neonates, indicating increased Tpo-mediated 

thrombopoiesis, although the degree of up-regulation was relatively modest. The authors 

hypothesized that this dampening of thrombopoietic response may be due to increased levels 

of platelet factor 4, which is released from activated platelets and is a potent inhibitor of 

megakaryocytopoiesis.

Most infants with NEC and severe thrombocytopenia (<50 × 109/L) receive one or more 

platelet transfusions. In the absence of a consensus for transfusion thresholds, practices vary 

considerably between Centers, and there is some information that transfusion thresholds 

may be higher in the United States than other countries (18). Important concerns remain 

about potential adverse effects of platelet transfusions, which, in combination with data 

showing a lack of correlation between low platelet counts and risk of bleeding, have been 

the subject of much debate (18). To investigate the effects of platelet transfusions, Kenton et 

al. (19) reviewed the hospital course of 46 infants with NEC (gestational age 28±4 weeks, 

birth weight 1166±756 g, mean ± SD). A total of 406 platelet transfusions were 

administered, where 151 (37.2%) were given in the presence of active bleeding. Other listed 
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indications for platelet transfusions were hypovolemia and severe thrombocytopenia. There 

was no improvement in either mortality or morbidity with greater number and/or volume of 

platelet transfusions. Furthermore, infants who developed short bowel syndrome and/or 

cholestasis had received a significantly higher number and volume of platelet transfusions 

than those who did not have these adverse outcomes [median (minimum - maximum) - 

number of transfusions : 9 (0 to 33) vs. 1.5 (0 to 20), p=0.010; volume of transfusions (mL/

kg): 121.5 (0 to 476.6) vs. 33.2 (0 to 224.3), p=0.013].

Further study is needed in patients with NEC-related thrombocytopenia to optimize the use 

of platelet transfusion, which is the only intervention with immediate efficacy in patients 

with active bleeding. Recombinant cytokines and growth factors such as interleukin-11, 

Tpo, and Tpo-mimetic agents, which take about 5-7 days to increase platelet counts, may not 

be useful in most patients with NEC but could find use in selected cases with persistent 

thrombocytopenia secondary to short bowel syndrome and cholestasis (13). Melatonin has 

also been used in a small number of term infants with sepsis and may find use in a selected 

group of patients (20).

Coagulopathy

Severe NEC is frequently associated with coagulation disturbances. Hutter et al. (5) noted 

signs of disseminated intravascular coagulation (DIC) in 14 of their 40 infants. Many of 

these infants showed decreased plasma fibrinogen levels, tested positive for fibrin split 

products, and had elevated partial thromboplastin times. These data are similar to Patel et al. 

(8) and Sonntag et al. (21), who described a similar frequency of DIC in their respective 

cohorts. The treatment of DIC in these infants is largely supportive, including the 

administration of fresh frozen plasma and/or cryoprecipitate.

Neutrophil counts

Increased neutrophil counts comprise an appropriate inflammatory response in patients with 

mild-moderately severe disease. In contrast, neutropenia, defined as an absolute neutrophil 

count less than 1500/μL, can be seen in severe NEC and is associated with adverse outcome 

(5, 8, 9, 12). Patel et al. (8) noted that 14 of their 23 patients who died of NEC were 

neutropenic, compared to 6/24 of the survivors. In another study, Ragazzi et al. (12) noted 

that the detection of neutropenia in the initial blood counts at the time of onset of NEC was 

associated with adverse outcome; there was a trend for a higher frequency of neutropenia in 

non-survivors (37%) than in survivors (25%; p=0.136), and thrombocytopenia and 

neutropenia occurred together more frequently in non-survivors (39%) than in survivors 

(14%; p=0.0007). In infants greater than 34 weeks gestation, lower total neutrophil counts, 

higher immature neutrophil number, and greater immature: total neutrophil ratio at first 

presentation of NEC were associated with the need for surgical intervention (22). Although 

the pathophysiology of neutropenia in NEC is not well-understood, depletion of the 

circulating neutrophil pool due to emigration into the intestines and peritoneum, and 

increased margination in the microvasculature are some of the possible causes (5, 9, 12). 

Consistent with this hypothesis, the bone marrow is usually normocellular in these infants 

(5, 8).
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Recombinant granulocyte-colony stimulating factor (rG-CSF) and recombinant granulocyte-

macrophage colony stimulating factor (rGM-CSF) can be used to treat neutropenia in 

patients with NEC. Overall, rG-CSF may be more efficacious in raising neutrophil counts 

than GM-CSF (23). The use of these myelopoietic growth factors in NEC is extrapolated 

from studies on neonatal sepsis and neutropenia. Recombinant G-CSF may reduce mortality 

in patients with neonatal sepsis, although the benefit was not evident when non-randomized 

studies were excluded (24). Carr et al. (25) showed that rG-CSF/rGM-CSF therapy reduced 

mortality in neonates with sepsis and neutropenia [relative risk 0.34 (95% CI 0.12, 0.92); 

risk difference −0.18 (95% CI −0.33, −0.03); number needed to treat 6 (95% CI 3-33)].

Anemia

Patients with NEC may develop anemia due to multiple pathogenetic mechanisms. In the 

presence of mucosal injury, thrombocytopenia, and coagulation disturbances, occult and 

obvious blood loss is common. Sites of bleeding may include bloody stools, peritoneal 

hemorrhage, pulmonary hemorrhage, hemopericardium, myocardial hemorrhage, and 

intracranial hemorrhage (6). Iatrogenic anemia due to phlebotomy losses is an added 

problem. In some patients, hemolysis can cause further worsening of anemia. Thrombotic 

microangiopathy can cause red cell damage, which can often be seen on blood smears as 

tear drop cells, schistocytes, spherocytes, and acanthocytes. Hutter et al. (5) reported red cell 

fragmentation in 25 of their 40 patients. Another possible cause is activation of the 

Thomsen-Friedenreich (T) cryptantigen on the RBC surface, a naturally-occurring antigen 

that is normally concealed by a layer of N-acetylneuraminic acid but can be exposed in NEC 

by bacterial or other neuraminidases. T-activation can cause hemolysis and anemia in multi-

transfused patients who have previously received adult blood containing anti-T antibodies 

(26, 27). Studies show considerable variation in the frequency of T-activation in NEC, 

ranging from rare occurrences to up to a third of all patients (6, 28). T-activation is 

associated with increased morbidity and mortality in NEC. Finally, infants with NEC may 

be at enhanced risk of inflammatory suppression of erythropoiesis. NEC tends to occur most 

frequently in extremely premature infants, who show an impaired erythropoietin response 

for a given level of anemia and are prone to develop severe anemia of prematurity (6). The 

presence of inflammation following onset of NEC in these infants can cause further 

suppression of erythropoietin and red cell production.

Red cell transfusions form the mainstay of treatment of anemia in patients with NEC and 

associated multi-organ dysfunction. In patients with hemolysis, transfusions may need to be 

administered cautiously after meticulous cross-matching. The value of washing or packing 

erythrocytes, washing platelets, or using low T cryptantigen titer plasma in patients with 

NEC remains unproven. Although recombinant erythropoietin is not useful in reducing the 

immediate need for transfusion in these patients, longer-acting synthetic erythropoietin-

mimetics such as darbepoietin may still prove useful by preventing repeated transfusions in 

patients with a complicated course and ongoing inflammation.
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Eosinophilia

Eosinophilia is diagnosed when the blood eosinophil counts exceed the 95th percentile upper 

reference limit, which ranges from 1180/μL during the 1st postnatal week to 1560/μL after 3 

weeks (29). Christensen et al. (30) noted eosinophilia in 54 of 275 infants (19.6%) who were 

evaluated for bloody stools. They hypothesized that premature infants with bloody stools 

and eosinophilia were likely to have atopic enteropathy and not develop the classical signs 

of NEC, and were therefore, more likely to have a benign course of disease. However, the 

rate of pneumatosis, bowel resection, and death in infants with bloody stools and 

eosinophilia was similar to those with normal blood eosinophil counts. Interestingly, infants 

with eosinophilia were more likely to have received a RBC transfusion in a 48 hour period 

prior to passing a bloody stool. These infants with a preceding history of a blood transfusion 

showed a progressive rise in eosinophil counts. In contrast, infants who developed bloody 

stools and eosinophilia but did not have a history of a prior transfusion showed reduction in 

eosinophil counts once the feedings were discontinued and had a relatively benign course of 

disease. Although the mechanism for transfusion-associated eosinophilia is unclear, 

exposure to foreign antigens on donor RBCs or to medications administered during the 

transfusion may play a role.

Macrophages and Monocytes

We have shown recently that the cellular inflammatory response in NEC is characterized by 

the presence of a macrophage-rich infiltrate (31). We counted 128.6 ± 9.4 cells/high-power 

field (HPF) in tissue specimens of NEC, compared to 12.8 ± 1.1 cells/HPF (p<0.001) in 

tissues resected for reasons other than NEC (such as atresia). Because intestinal 

macrophages are terminally-differentiated and incapable of clonal expansion, these 

macrophage infiltrates likely develop via recruitment of blood monocytes to sites of injury. 

Further study is needed to characterize circulating monocyte populations in infants with 

NEC.

Lymphocyte counts

In a recent study, Lambert et al. (32) noted that infants who died of fulminant NEC within 

48 hours of onset may have low blood lymphocyte counts. They reviewed the medical 

records of 523 infants with a diagnosis of NEC, of which 35 (6.7%) had a fulminant course. 

These infants were more likely to have a blood lymphocyte count <4000/μL (p=0.018), 

besides having portal venous air, severe anemia, recent increase in feeding volume or 

introduction of human milk fortifier, and increased immature to total neutrophil ratio.

Nucleated red blood cells

Infants who develop NEC may have a higher number of nucleated RBCs at birth than their 

gestation-matched controls. Mandel et al. (33) compared 23 preterm infants diagnosed with 

NEC with pair-matched controls who were admitted immediately after a case, had the same 

gestational age (± 1 week), 1- and 5- minute Apgar scores (±1), and who did not develop 

NEC. Exclusion criteria included factors that may influence the ANRBC at birth, such as 

maternal diabetes, pregnancy-induced hypertension, major congenital malformations, 
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chromosomal abnormalities, hemolysis and perinatal blood loss. Infants who developed 

NEC had higher absolute nucleated RBC counts than controls, suggesting that these 

neonates may have experienced intrauterine hypoxemia, which may increase the risk of 

NEC. These data are consistent with observations by Baschat et al. (34), who showed that 

nucleated RBC counts >30/100 white blood cells beyond 3 days were associated with later 

risk of NEC.

Conclusions

NEC is associated with several hematological abnormalities, which may play a direct or 

indirect role in the pathogenesis of gut mucosal injury. Some of these abnormalities carry 

important prognostic information.

Acknowledgments

Funding: National Institutes of Health award HD059142 (A.M.)

References

1. Neu J, Walker WA. Necrotizing enterocolitis. N Engl J Med. Jan 20; 2011 364(3):255–64. 
[PubMed: 21247316] 

2. Maheshwari A, Corbin LL, Schelonka RL. Neonatal Necrotizing Enterocolitis. Res Rep Neonatol. 
2011; 1:39–53.

3. Maheshwari A, Kelly DR, Nicola T, Ambalavanan N, Jain SK, Murphy-Ullrich J, et al. TGF-beta(2) 
Suppresses Macrophage Cytokine Production and Mucosal Inflammatory Responses in the 
Developing Intestine. Gastroenterology. Jan; 2011 140(1):242–53. [PubMed: 20875417] 

4. Walsh MC, Kliegman RM. Necrotizing enterocolitis: treatment based on staging criteria. Pediatr 
Clin North Am. Feb; 1986 33(1):179–201. [PubMed: 3081865] 

5. Hutter JJ Jr. Hathaway WE, Wayne ER. Hematologic abnormalities in severe neonatal necrotizing 
enterocolitis. J Pediatr. Jun; 1976 88(6):1026–31. [PubMed: 1271173] 

6. Kling PJ, Hutter JJ. Hematologic abnormalities in severe neonatal necrotizing enterocolitis: 25 years 
later. J Perinatol. Oct; 2003 23(7):523–30. [PubMed: 14566346] 

7. O’Neill JA Jr. Neonatal necrotizing enterocolitis. Surg Clin North Am. Oct; 1981 61(5):1013–22. 
[PubMed: 7031925] 

8. Patel CC. Hematologic abnormalities in acute necrotizing enterocolitis. Pediatr Clin North Am. 
Aug; 1977 24(3):579–84. [PubMed: 896319] 

9. Ververidis M, Kiely EM, Spitz L, Drake DP, Eaton S, Pierro A. The clinical significance of 
thrombocytopenia in neonates with necrotizing enterocolitis. J Pediatr Surg. May; 2001 36(5):799–
803. [PubMed: 11329593] 

10. Kenton AB, O’Donovan D, Cass DL, Helmrath MA, Smith EO, Fernandes CJ, et al. Severe 
thrombocytopenia predicts outcome in neonates with necrotizing enterocolitis. J Perinatol. Jan; 
2005 25(1):14–20. [PubMed: 15526014] 

11. Baer VL, Lambert DK, Henry E, Christensen RD. Severe Thrombocytopenia in the NICU. 
Pediatrics. Dec; 2009 124(6):e1095–100. [PubMed: 19917581] 

12. Ragazzi S, Pierro A, Peters M, Fasoli L, Eaton S. Early full blood count and severity of disease in 
neonates with necrotizing enterocolitis. Pediatr Surg Int. Jul; 2003 19(5):376–9. [PubMed: 
12756597] 

13. Sola MC, Del Vecchio A, Rimsza LM. Evaluation and treatment of thrombocytopenia in the 
neonatal intensive care unit. Clin Perinatol. Sep; 2000 27(3):655–79. [PubMed: 10986634] 

14. Hsueh W, Caplan MS, Qu XW, Tan XD, De Plaen IG, Gonzalez-Crussi F. Neonatal necrotizing 
enterocolitis: clinical considerations and pathogenetic concepts. Pediatr Dev Pathol. Jan-Feb;2003 
6(1):6–23. [PubMed: 12424605] 

Song et al. Page 7

J Matern Fetal Neonatal Med. Author manuscript; available in PMC 2015 May 06.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



15. Colarizi P, Fiorucci P, Caradonna A, Ficuccilli F, Mancuso M, Papoff P. Circulating 
thrombopoietin levels in neonates with infection. Acta Paediatr. Mar; 1999 88(3):332–7. [PubMed: 
10229048] 

16. Oygur N, Tunga M, Mumcu Y, Yesilipek A, Gura A, Coskun M, et al. Thrombopoietin levels of 
thrombocytopenic term and preterm newborns with infection. Am J Perinatol. Aug; 2001 18(5):
279–86. [PubMed: 11552180] 

17. Brown RE, Rimsza LM, Pastos K, Young L, Saxonhouse MA, Bailey M, et al. Effects of sepsis on 
neonatal thrombopoiesis. Pediatr Res. Oct; 2008 64(4):399–404. [PubMed: 18552713] 

18. Cremer M, Sola-Visner M, Roll S, Josephson CD, Yilmaz Z, Buhrer C, et al. Platelet transfusions 
in neonates: practices in the United States vary significantly from those in Austria, Germany, and 
Switzerland. Transfusion. Dec; 2011 51(12):2634–41. [PubMed: 21658049] 

19. Kenton AB, Hegemier S, Smith EO, O’Donovan DJ, Brandt ML, Cass DL, et al. Platelet 
transfusions in infants with necrotizing enterocolitis do not lower mortality but may increase 
morbidity. J Perinatol. Mar; 2005 25(3):173–7. [PubMed: 15578029] 

20. Gitto E, Karbownik M, Reiter RJ, Tan DX, Cuzzocrea S, Chiurazzi P, et al. Effects of melatonin 
treatment in septic newborns. Pediatr Res. Dec; 2001 50(6):756–60. [PubMed: 11726736] 

21. Sonntag J, Wagner MH, Waldschmidt J, Wit J, Obladen M. Multisystem organ failure and 
capillary leak syndrome in severe necrotizing enterocolitis of very low birth weight infants. J 
Pediatr Surg. Mar; 1998 33(3):481–4. [PubMed: 9537561] 

22. Schober PH, Nassiri J. Risk factors and severity indices in necrotizing enterocolitis. Acta Paediatr 
Suppl. 1994; 396:49–52. [PubMed: 8086683] 

23. Ahmad A, Laborada G, Bussel J, Nesin M. Comparison of recombinant granulocyte colony-
stimulating factor, recombinant human granulocyte-macrophage colony-stimulating factor and 
placebo for treatment of septic preterm infants. Pediatr Infect Dis J. Nov; 2002 21(11):1061–5. 
[PubMed: 12442030] 

24. Bernstein HM, Pollock BH, Calhoun DA, Christensen RD. Administration of recombinant 
granulocyte colony-stimulating factor to neonates with septicemia: A meta-analysis. J Pediatr. Jun; 
2001 138(6):917–20. [PubMed: 11391341] 

25. Carr R, Modi N, Dore C. G-CSF and GM-CSF for treating or preventing neonatal infections. 
Cochrane Database Syst Rev. 2003; (3):CD003066. [PubMed: 12917944] 

26. Osborn DA, Lui K, Pussell P, Jana AK, Desai AS, Cole M. T and Tk antigen activation in 
necrotising enterocolitis: manifestations, severity of illness, and effectiveness of testing. Arch Dis 
Child Fetal Neonatal Ed. May; 1999 80(3):F192–7. [PubMed: 10212080] 

27. Hall N, Ong EG, Ade-Ajayi N, Fasoli L, Ververidis M, Kiely EM, et al. T cryptantigen activation 
is associated with advanced necrotizing enterocolitis. J Pediatr Surg. May; 2002 37(5):791–3. 
[PubMed: 11987103] 

28. Boralessa H, Modi N, Cockburn H, Malde R, Edwards M, Roberts I, et al. RBC T activation and 
hemolysis in a neonatal intensive care population: implications for transfusion practice. 
Transfusion. Nov; 2002 42(11):1428–34. [PubMed: 12421215] 

29. Christensen RD, Jensen J, Maheshwari A, Henry E. Reference ranges for blood concentrations of 
eosinophils and monocytes during the neonatal period defined from over 63 000 records in a 
multihospital health-care system. J Perinatol. Aug; 2010 30(8):540–5. [PubMed: 20054336] 

30. Christensen RD, Lambert DK, Gordon PV, Baer VL, Gerday E, Henry E. Neonates presenting with 
bloody stools and eosinophilia can progress to two different types of necrotizing enterocolitis. J 
Perinatol. Nov 10.2011 

31. Mohankumar K, Kaza N, Jagadeeswaran R, Garzon SA, Bansal A, Kurundkar AR, et al. Gut 
Mucosal Injury in Neonates is marked by Macrophage Infiltration in Contrast to Pleomorphic 
Infiltrates in Adult: Evidence from an Animal Model. Am J Physiol Gastrointest Liver Physiol. 
Apr 26.2012 

32. Lambert DK, Christensen RD, Baer VL, Henry E, Gordon PV, Besner GE, et al. Fulminant 
necrotizing enterocolitis in a multihospital healthcare system. J Perinatol. May 12.2011 

33. Mandel D, Lubetzky R, Mimouni FB, Cohen S, Littner Y, Deutsch V, et al. Nucleated red blood 
cells in preterm infants who have necrotizing enterocolitis. J Pediatr. May; 2004 144(5):653–5. 
[PubMed: 15127005] 

Song et al. Page 8

J Matern Fetal Neonatal Med. Author manuscript; available in PMC 2015 May 06.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



34. Baschat AA, Gungor S, Kush ML, Berg C, Gembruch U, Harman CR. Nucleated red blood cell 
counts in the first week of life: a critical appraisal of relationships with perinatal outcome in 
preterm growth-restricted neonates. Am J Obstet Gynecol. Sep; 2007 197(3):286, e1–8. [PubMed: 
17826423] 

Song et al. Page 9

J Matern Fetal Neonatal Med. Author manuscript; available in PMC 2015 May 06.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript


