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Systemic infection and brain injury in the preterm infant
Richard A. Polin*

In this issue of Jornal de Pediatria, Silveira et al.1 investi-

gated risk factors for the development of periventricular leu-

komalacia (PVL) in a cohort of very low birth weight (VLBW)

infants. A significantly greater number of infants with PVL had

documented sepsis and/or were ventilated for more than 24

hours. This well-designed study adds supportive evidence for

the role of postnatal infection in the pathogenesis of PVL.2

While the data are provocative, it is unclear from this article

how the timing of the sepsis episodes is

related to the development of PVL. If the

study infants all had early-onset sepsis,

it is somewhat surprising that coagulase

negative staphylococcus was the most

common pathogen recovered. In the

USA that microorganism would be a rare

cause of early-onset sepsis. If the study

infants had late-onset infections, the

question of timing of the infectious episode with the onset of

PVL is particularly important. A major limitation in this study

is the lack of data on the likelihood of antenatal infection. That

question is particularly important given the high rate of bac-

teremiawithMycoplasmaandUreaplasma in infants bornpre-

maturely.3 A third weakness in this study (as noted by the

authors) is the lack of magnetic resonance imaging (MRI)

information; MRI is a more sensitive way to diagnose PVL.

Given these limitations, however, the authors should be con-

gratulated for addressing this question.

PVL is strongly associated with the development of cere-

bral palsy.4 The pathogenesis of PVL has been linked with dis-

orders resulting in hypoperfusion of the brain (e.g.,

hypoxia-ischemia, hypotension patent ductus arteriosus with

reversed diastolic flow, etc.) and perinatal (antenatal and

postnatal) infection. The final common pathway for both eti-

ologies is likely to include microglial activation, cytokine and

glutamate release and free radical production (Figure 1).

Late-onset infections are common

among VLBW infants and up to 25%

develop a systemic bacterial or fungal

infection; 5-10%havedocumentedmen-

ingitis.6 Neurological abnormalities are

common among survivors. In a recent

prospective observational study by Stoll

et al. (n = 6,093)7 preterm infants with

proven systemic infections, clinical infec-

tion (negative blood culture), necrotizing enterocolitis (NEC)

and meningitis were all more likely to exhibit neurological and

growth abnormalities compared with an uninfected control

group. Hearing impairment was more common in infants with

NEC and in those infected with gram-negative microorgan-

isms. In a case-control study, O’shea et al. also noted an asso-

ciation between clinical chorioamnionitis, sepsis and cerebral

palsy.8

Over the past 10 years, there has been considerable inter-

est in the relationshipof antenatal infectionandcerebral palsy.
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Data from the recent Alabama Preterm Birth Study demon-

strated that 23% of preterm infants (23-32 weeks gestation)

are bacteremic at the moment of birth with Ureaplasma ure-

alyticum or Mycoplasma hominis.4 Infection is more com-

mon in preterm infants delivered after spontaneous labor and

inversely correlated with gestational age. Importantly, bac-

teremia is strongly associated with an elevation in systemic

interleukin (IL)-6 levels (OR = 5.82, 95%CI 3.15-10.78).

There is a strong association between chorioamnionitis

and cerebral palsy in term and preterm infants: however, a

cause and effect relationship has not been proven.9 The pos-

sible links between antenatal infection and neurological injury

arebasedupon the followingobservations: 1) antenatal infec-

tion is commonly associated with preterm birth10; 2) women

with chorioamnionitis delivering preterm infants have

elevated serum cytokine levels,11 as do their infants12; and

3) infants who develop PVL and intraventricular hemorrhage

have elevated cytokine levels in umbilical cord blood.13 It is

unclear, however, how a systemic cytokine response in a fetus

or neonate is capable of injuring the central nervous system.

There are several possibilities. First of all, cytokines may be

actively transported across the intact blood brain barrier. Data

from experimental animals indicate that radiolabeled cytok-

ines are capable of crossing the blood brain barrier; however,

most of the radiolabel resides in brain endothelia and does

not get into brain parenchyma.14,15 The second potential

mechanism is via activation of the hypothalamic-pituitary

axis.16 Data suggest that responses to low dose endotoxin are

partially mediated through the vagus nerve. The third path-

way is leakage of cytokines across the blood brain barrier at

circumventricular organs.17 Circumventricular organs (mid-

line structures that border the third and fourth ventricle) have

permeable fenestrated capillaries. These “barrier deficient

sites” are recognized as important locations for communica-

tionbetween thebloodand cerebrospinal fluid. Cytokinesmay

also “leak” across an intact blood brain barrier when the per-

meability has been altered by inflammation. Stolp et al. dem-

onstrated that there is a restrictedperiod inbraindevelopment

when the blood brain barrier is susceptible to systemic inflam-

mation.18 The fourth potential pathway is production of cytok-

ines by cells of the blood brain barrier. In this regard, systemic

injection of IL-1 induces intense transcriptional activity in cells

of thebloodbrainbarrier,which in turnproduce IL-1and tumor

necrosis factor-alpha (TNF-α).19,20 The fifth possibility is pro-

duction of cytokines by cells infiltrating the central nervous

system.21 The final possible mechanism is alteration of ante-

natal or postnatal hemodynamics by systemic inflammation.

Yanowitz et al. demonstrated that there is an inverse relation-

ship between systolic,meananddiastolic bloodpressures and

cord-blood IL-6 levels.22 Similarly, using an experimental ani-

mal model, Garnier et al. demonstrated that when fetal sheep

receive intravenous endotoxin, blood flow to the placenta and

cerebral oxygen delivery decrease.23

Another possibility is that the systemic cytokine response

is only a marker for local production of cytokines within the

central nervous system. Elovitz et al. have shown that the

Modified from Rezaie & Dean.5

Figure 1 - Pathogenesis of periventricular leukomalacia
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magnitude of the cytokine response to injection of endotoxin

in a mouse fetus varies considerably between organs.24 In a

study of preterm infants (< 33 weeks gestation with and with-

out PVL), Viscardi et al. observed that only cerebrospinal fluid

levels of IL-6 and TNF-α correlated with development of PVL;

systemic cytokine levels did not.25 Similar observations were

made by Ellison et al.26 These data suggest that locally pro-

duced brain derived cytokines may be more important in the

pathogenesis of brain injury.

There are many animal models indicating that white mat-

ter injury may be induced in the fetus by injection of endot-

oxin or bacterial cell products.27 However, it must be

emphasized that the patterns of cytokine elevation associ-

ated with infection are complex and thousands of inflamma-

tory genes are upregulated.28 Moreover, cytokines play a

critical role in normal brain development and depending on

the local milieu cytokines can be neuroprotective or neuro-

toxic. This suggests that a single anti-cytokine therapy is likely

to be ineffective in the prevention of brain injury. Proteomics

offers thepossibility of identifyingwomenwith chorioamnioni-

tis before their infants are born.29 Early identification of

women with subclinical chorioamnionitis and treatment offer

the best opportunity to reduce the likelihood PVL.
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