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Oral antibiotics increase blood neutrophil
maturation and reduce bacteremia and
necrotizing enterocolitis in the immediate
postnatal period of preterm pigs
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Abstract

Immature immunity may predispose preterm neonates to infections and necrotizing enterocolitis (NEC). Intravenous

antibiotics are frequently given to prevent and treat sepsis, while oral antibiotics are seldom used. We hypothesized that

oral antibiotics promote maturation of systemic immunity and delay gut bacterial colonization and thereby protect

preterm neonates against both NEC and bacteremia in the immediate postnatal period. Preterm pigs were given formula

and administered saline (CON) or broad-spectrum antibiotics orally (ORA) or systemically (SYS) for 5 d after birth.

Temporal changes in blood parameters and bacterial composition in the intestine, blood and immune organs were

analyzed. Newborn preterm pigs had few blood neutrophils and a high frequency of progenitor cells. Neutrophils

gradually matured after preterm birth with increasing CD14 and decreasing CD172a expressions. Preterm neutrophil

and monocyte TLR2 expression and TLR2-mediated blood cytokine responses were low relative to adults. ORA pigs

showed enhanced blood neutrophil maturation with reduced cell size and CD172a expression. Only ORA pigs, but not

SYS pigs, were protected from a high density of gut Gram-positive bacteria, high gut permeability, Gram-positive bac-

teremia and NEC. Neonatal oral antibiotics may benefit mucosal and systemic immunity via delayed gut colonization and

enhanced blood neutrophil maturation just after preterm birth.
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Introduction

Neonatal immunity depends, to a large degree, on
innate cells and soluble mediators for protection
against environmental antigens and pathogens.1,2 At
birth, the innate immune system is immature,3 and

blood neutrophils and monocytes develop during late
gestation and after birth, reflected by their increased
expression of the surface receptors CD14, MD2,
TLR2, and TLR4.1,4–6 In pigs, these markers have simi-
lar trends during cell maturation,1,4,5 whereas CD172a
expression decreases postnatally.7 Neutrophils also
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