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Significant Accomplishments
Biomarkers of Epidermal Innate Immunity in Premature Infants

Epidermal innate immunity is a complex process involving a balance of pro- and anti-inflammatory cytokines, structural
proteins, and specific antigen presenting cells against a background of neuroendocrine modulators, e.g., cortisol.  In the
third trimester, the skin forms an intact environmental and innate immune interface, the stratum corneum (SC).  Innate
immunity is conferred by SC anti-infective lipids, anti-microbial host defense proteins and a physical barrier.  Full term
infants rely on these protective mechanisms during transition to a microbe-rich setting at birth.  The premature infant is
poorly equipped for environmental stressors due to skin immaturity and risks of infection and irritation.  The skin produces
cortisol and corticotropin releasing hormone (CRH).  Skin CRH may exert both pro and anti-inflammatory effects.   The
skin neuroendocrine system can potentially mount a progressive, intensity-dependent, highly coordinated stress response
to noxious stimuli.  We examined the ontogeny of this system by simultaneously quantifying biomarkers of innate
immunity, i.e., Keratin 1,10,11, Keratin 6, involucrin, albumin, fibronectin, cortisol, IL-1, TNFa, IL-6, IL-8, MCP1 and IP10
in premature and full term infants, adults and vernix caseosa.  IL1a was elevated and TNFa reduced in infants.  IL-6, IL-
8 and MCP1 were higher in premature versus term infants and adults. Skin cortisol and albumin were elevated in
premature infants. The preterm biomarker profile was unique with differences in structural proteins, albumin, IL-6, IL-1b,
IL-8 and MCP1. The higher infant IL1a may be associated with skin barrier maturation.  The elevations in skin cortisol
for preterms may reflect a neuroendocrine response to the stress of birth.  Whether the associations of cytokines and
cortisol reflect a localized stress response; e.g., chorioamnionitis, remains to be determined.  The method is promising
for investigating responses to stressors in clinical settings.

Influence of TNF-α Polymorphism -308 on Chronic Irritant Dermatitis in Health Care Workers
Routine hand hygiene is effective for preventing hospital acquired infections yet compliance nationally is 30-57%.  Irritant
contact dermatitis (ICD) is the primary reason for compliance failure in health care workers (HCWs).  Higher bacterial
counts are associated with increased skin compromise.  We had shown that HCW skin did not recover from the effects
of hand hygiene indicating substantial, chronic skin damage.  A polymorphism at position 308 of the tumor necrosis factor
(TNF) gene has been implicated in the onset and severity of ICD and high secretion of TNFa.  Patients with the TNF2
allele (A) were more likely to have ICD than those with the TNF1 allele (G).  Additionally, atopic subjects are more likely
to experience increased inflammation and impaired barrier function than non-atopics.  We examined the effects of TNF
polymorphism -308 and atopic classification on hand skin irritation in three clinical contexts:  (1) during exposure and



polymorphism -308 and atopic classification on hand skin irritation in three clinical contexts:  (1) during exposure and
recovery from repetitive hand hygiene, (2) following aggressive treatment (cream), and (3) onset and progression of
inflammation on undamaged skin.  HCWs with the TNF A had significant erythema after several days off while G showed
recovery.  After intensive cream treatment, erythema was lower for G without atopy than A with and without atopy.  SC
dryness was generally higher in atopics than non-atopics.  The A group experienced greater irritation on undamaged
skin than G and G recovered more quickly.  Both TNF polymorphism and atopy contribute to irritant susceptibility.  The
results suggest that creams designed to mitigate inflammation are appropriate.  The findings have implications for
strategies to mitigate inflammation and identify HCWs at risk.  Addition of an intensive treatment to hand skin care may
help achieve “clean hands without compromise”.  Progress against this WHO agenda will require collaborations
among experts in infection control, improvement science, public policy, skin research and development.

Effect of Chlorhexidine Gluconate on Skin Integrity at PICC Sites in Neonates
The Centers for Disease Control (CDC) advises skin disinfection with 2% chlorhexidine gluconate (CHG) before insertion
of central lines to prevent nosocomial infections.  Limited evidence precludes a recommendation for infants < 2 months. 
NICU patients are at risk for skin compromise due to prematurity, irritants and stress.  We examined the effects of CHG
on irritation and stratum corneum (SC) integrity in a collaborative study on infants in with the CCHMC Regional Center
for Newborn Intensive Care.  Repetitive application of CHG and a semipermeable adhesive dressing to central line site
skin resulted in greater skin compromise, i.e., erythema, dryness and barrier integrity (poorer) versus untreated skin.  By
week 3, erythema and dryness were comparable for the CHG + dressing and dressing only and both were higher than
the untreated site.  This study appears to be the first to examine the effects of the dressing within the context of the
CHG + dressing treatment on PICC skin condition SC integrity among NICU patients.  The findings highlight the
contribution of tapes and dressings to the skin compromise observed in clinical settings.  Dressings with inherently higher
water vapor permeability are expected to minimize the skin breakdown at PICC sites, but the adhesive characteristics
and exposure conditions (e.g., incubator temperature, humidity, etc) need to be considered and evaluated.  Investigation
and/or development of alternatives that do not occlude the skin surface or strip the outer stratum corneum layers are
important for insuring skin barrier integrity and creating conditions for barrier maturation in the neonatal population. 
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