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Immunosuppressive CD711 erythroid cells
compromise neonatal host defence against infection
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Newborn infants are highly susceptible to infection. This defect in
host defence has generally been ascribed to the immaturity of neo
natal immune cells; however, the degree of hyporesponsiveness is
highly variable and depends on the stimulation conditions1 7. These
discordant responses illustrate the need for a more unified explana
tion for why immunity is compromised in neonates. Here we show
that physiologically enriched CD711 erythroid cells in neonatal mice
and human cord blood have distinctive immunosuppressive proper
ties. The production of innate immune protective cytokines by adult
cells is diminished after transfer to neonatal mice or after co culture
with neonatal splenocytes. Neonatal CD711 cells express the enzyme
arginase 2, and arginase activity is essential for the immunosuppres
sive properties of these cells because molecular inhibition of this
enzyme or supplementation with L arginine overrides immunosup
pression. In addition, the ablation of CD711 cells in neonatal mice,
or the decline in number of these cells as postnatal development
progresses parallels the loss of suppression, and restored resistance
to the perinatal pathogens Listeria monocytogenes and Escherichia
coli8,9. However, CD711 cell mediated susceptibility to infection is
counterbalanced by CD711 cell mediated protection against aber
rant immune cell activation in the intestine, where colonization with
commensal microorganisms occurs swiftly after parturition10,11. Con
versely, circumventing such colonization by using antimicrobials or
gnotobiotic germ free mice overrides these protective benefits. Thus,
CD711 cells quench the excessive inflammation induced by abrupt
colonization with commensal microorganisms after parturition. This
finding challenges the idea that the susceptibility of neonates to infec
tion reflects immune cell intrinsic defects and instead highlights
processes that are developmentally more essential and inadver
tently mitigate innate immune protection. We anticipate that these
results will spark renewed investigation into the need for immuno
suppression in neonates, as well as improved strategies for augmen
ting host defence in this vulnerable population.

Neonates are highly susceptible to disseminated infections, which
are often fatal. Numerous distinctions have been described between
neonatal and adult responses to infection, including blunted inflamma
tory cytokine production, skewed T helper cell differentiation and fewer
protective immune cells; however, the degree of neonatal immune cell
hyporesponsiveness varies markedly with the stimulation conditions1 7.
Thus, given that neonatal cells have the potential for activation, a more
unified explanation is needed for why neonates remain susceptible to
infection. We found that the susceptibility of human neonates to infec
tion with the bacterium L. monocytogenes is recapitulated in neonatal
mice8,12 (Fig. 1a). Given the delayed immunological development in mice
at birth7,13, 6 day old mice were used as neonates, and their responses
were compared with 8 week old (adult) mice. In addition to diminished
survival, over 1,000 fold more L. monocytogenes bacteria were recovered
from neonatal mice than from adult mice, and this lack of susceptibility
in adults was maintained after adjusting the bacterial inoculation dose

proportionally to increased body weight (Fig. 1b). Accordingly, neonatal
mice, like newborn humans, are intrinsically susceptible to dissemi
nated infection.

To investigate the cellular basis of neonatal susceptibility, the effect
of adoptively transferring immune cells from adult mice was evaluated
(Fig. 1c and Extended Data Fig. 1a). We reasoned that if neonatal sus
ceptibility reflects an inadequate number or a hyporesponsiveness of
immune cells, then transferred adult cells would restore protection.
However, neonates containing adult splenocytes remained equally sus
ceptible to L. monocytogenes infection (Fig. 1d). Given these somewhat
surprising results, the activation of adult cells within neonates was inves
tigated. Because differences in susceptibility between neonatal and adult
mice become apparent within 48 h of infection (Fig. 1b), we focused on
essential innate immune protective cytokines such as tumour necrosis
factor a (TNF a)14 16. Remarkably, when adult splenocytes containing
CD11b1 granulocyte/macrophage cells, CD11c1 dendritic cells or
B2201 lymphocytes were transferred to neonatal mice, their TNF a
production induced by L. monocytogenes infection was extinguished
to levels comparable to that of endogenous neonatal cells (Fig. 1e and
Extended Data Fig. 1b). Conversely, TNF a production by neonatal
cells was restored after transfer to L. monocytogenes infected adult mice
(Extended Data Fig. 1c). These findings suggest that neonatal infection
susceptibility might not simply reflect immune cell intrinsic defects but
instead active suppression within the neonatal environment.

To assess the potential immunosuppressive properties of neonatal cells,
the activation and cytokine production of adult immune cells co cultured
with neonatal splenocytes were evaluated. Consistent with the dimi
nished responsiveness of neonatal cells to purified microbial ligands1,3,5,6,
these cells produced considerably less TNF a and interleukin 6 (IL 6)
after stimulation with heat killed L. monocytogenes than did adult mouse
splenocytes (Fig. 1f). Similar defects were found for human cord blood
cells compared with adult peripheral blood mononuclear cells (Extended
Data Fig. 2). Interestingly, combining neonatal and adult splenocytes
caused a precipitous decline in cytokine production compared with
cultures containing only adult cells (Fig. 1f). Varying the number of
neonatal splenocytes in the presence of a fixed quantity of adult cells
identified by expression of the congenic marker CD45.1 showed that
TNF a production by adult CD11b1, CD11c1 or B2201 cells was
restricted in a dose dependent manner (Fig. 2a and Extended Data
Fig. 3a). Immunosuppression also extended to T cells because neonatal
splenocytes impeded the upregulation of early activation markers (such
as CD69 and CD25) among adult CD81 cells after anti CD3 antibody
stimulation (Fig. 2a and Extended Data Fig. 3b). Thus, neonatal sple
nocytes have suppressive properties that recapitulate the blunted
activation of adult immune cells within infected neonates.

To establish the molecular basis by which neonatal cells mediate sup
pression, the effect of inhibitors or neutralizing antibodies on immu
nomodulatory pathways was evaluated in co culture. We found that
overriding the enzymatic activity of arginase by addition of the inhibitors
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