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OBJECTIVES:

To characterize vernix caseosa in newborn infants with respect to factors

that influence vernix distribution on the skin surface, vernix effects on

thermal stability, skin hydration, acid mantle development, and vernix

antioxidant properties.

STUDY DESIGN:

Vernix distribution was determined for 430 infants. Thermal stability was

assessed in parallel groups following vernix retention (n¼ 66) and

removal (n¼ 64). The effects of vernix retention on skin hydration, pH,

erythema, and dryness/scaling were determined. Samples were analyzed

for vitamin E before and after UV exposure.

RESULTS:

Vernix distribution depended upon gestational age, delivery mode, gender,

race, and meconium exposure. Retention had no effect on axillary

temperatures. Skin hydration was significantly higher for vernix-retained

skin. Skin pH and erythema were significantly lower with retention.

Vitamin E levels were decreased by ultraviolet radiation.

CONCLUSIONS:

Vernix is a naturally occurring barrier cream with multiple salubrious

effects, which support its retention on the skin surface at birth.

Journal of Perinatology (2005) 25, 440–446. doi:10.1038/sj.jp.7211305

Published online 14 April 2005

INTRODUCTION

Vernix caseosa is a complex, proteolipid material synthesized in
part by fetal sebaceous glands during the last trimester of
pregnancy.1–3 The strategic location of vernix on the fetal skin
surface suggests participation in multiple overlapping functions
required at birth, for example, barrier to water loss, temperature
regulation, and innate immunity. Knowledge of the dynamic
structure and function of newborn skin is important in
determining optimal thermal support, providing infection control,
and selecting adhesives. Such therapy begins in the delivery room
and forms the foundation for the ‘‘golden hour’’ concept of
newborn resuscitation.4 Challenges faced by the newborn infant
include an abrupt decrease in environmental temperature, high
oxidative stress, exposure to exogenous toxins, and the rapid onset
of microbial colonization.

Temperature control during the first few hours of life is a
cornerstone of neonatology and is particularly important for
reducing mortality and morbidity in very low birth weight preterm
infants.5 Neonates less than 28 weeks gestational age (GA) and
1000 g have an immature epidermal barrier, characterized by the
absence of a competent stratum corneum (SC), and high
transepidermal water loss. They also lack a protective mantle of
vernix caseosa. At birth, excess amniotic fluid is typically wiped off
to reduce evaporative heat loss. The hydrophobic layer of vernix is
often removed. In this study, we focused on quantifying vernix
distribution in older infants and hypothesized that retention of
vernix on the skin surface would correlate with a diminished fall in
axillary temperatures after birth, as reported years ago.6 In
contrast, it was possible that retention of a highly hydrated
biological material such as vernix would impair temperature
control due to increased evaporative heat loss.7

The identification of antimicrobial constituents in vernix8–11

supports the intriguing hypothesis that vernix may function
prenatally to protect the fetus from acute or subacute
chorioamnionitis and facilitate colonization of the skin with
microorganisms after birth. Newborn infants undergo a progressive
adaptation immediately after birth, including a slow reduction in
surface hydration, decrease in skin pH, and SC dehydration/
desquamation with formation of a dry skin surface.12 Whether this
desquamatory process is secondary to removal of vernix is as yet
unknown. There are no studies of the role of vernix in modulating
these processes. Vernix loses its exogenous water slowly.13

Application of vernix to adult volar forearm skin resulted in an
increased capacity to bind exogenous water.14 Vernix may also
function to maintain skin hydration at birth and potentially
facilitates formation of the acid mantle of the skin. An acid surface
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is putatively necessary for the bacterial homeostasis/colonization of
the skin.15,16

Finally, birth marks a time of high oxidative stress. Adult
human skin possesses endogenous antioxidant capacity in the form
of alpha tocopherol (vitamin E) localized in SC and in sebum.17

Term human infants have large, hyperplastic sebaceous glands,
but their role in vernix production and/or production of surface
antioxidants is unclear. The presence of vitamin E in vernix was
first described 40 years ago, but its functional response to oxidative
stress has not previously been examined.

In this paper, we report the results of four separate studies of
vernix physiology at birth: distribution on the skin surface, the
effect on thermal regulation, the effect on postnatal skin surface
hydration and acid mantle development, and the in vitro response
to ultraviolet radiation. These data provide evidence for clinical
decision making in the delivery room.

MATERIALS AND METHODS
Study 1. Vernix Surface Distribution at Birth
A total of 430 infants were observed at routine deliveries in three
local hospitals (Christ Hospital, University Hospital, Anderson Mercy
Hospital, Cincinnati, OH, USA) from August 2001 to March 2003.
Table 1 shows the population demographics. Trained delivery room
personnel recorded areas of vernix coverage on the front and back
on standardized infant body maps (Figure 1), along with GA,
delivery mode (vaginal, C-section), gender, race, presence of
meconium, and other maternal factors. Instructions on the use of
the vernix distribution body maps were provided and inter-rater
reliability was established. An image analysis algorithm was used to
calculate the area of coverage (MATLABs, MathWorks, Natick, MA)
for total body surface, front and back.

Study 2: Thermal Regulation
Totally, 130 infants of 32 to 41 weeks GA were enrolled in a
randomized controlled trial in a level II birthing center (Christ
Hospital, Cincinnati, OH). The Institutional Review Board of Christ
Hospital approved the protocol. The IRB waived the requirement for
written informed consent since the study involved minimal risk
and procedures for which consent would not be required outside a
research context. Infants with major congenital abnormalities or a
need for resuscitation were excluded. In the delivery room, infants
were randomly assigned to one of two treatment groups,
irrespective of the amount of vernix on the surface and the vernix
distribution was recorded. For Group A, amniotic fluid and blood
were blotted with an absorbent towel, but vernix was retained on
the skin surface (n¼ 66). In Group B, vernix, amniotic fluid and
blood were removed by firm wiping (n¼ 64). Axillary
temperatures were measured at 30 and 60-minutes after birth
using a Welch Allyn Sure Temps thermometer and vernix surface
distribution was computed. Axillary temperature was selected

instead of skin temperature since the latter would be confounded
by the evaporative heat loss from vernix itself. During the
60-minute period, the infants were bundled and placed with
the parents.

Study 3: Skin Surface Adaptation After Birth
This study was performed at a level II birthing center (Christ
Hospital, Cincinnati, OH, USA). Research personnel documented
vernix distribution and classified the infants into two groups, based
on the amount and distribution of vernix, under the research
protocol used for the thermal regulation study. Infants with major
congenital abnormalities, a need for resuscitation, and
questionable GA were excluded. Infants with large to moderate
amounts of vernix were classified as ‘‘vernix retained’’. Surface
fluids (water and blood) were removed by gentle blotting and

Table 1 Demographic Characteristics

Number of infants 430

Delivery Mode

Vaginal 213

C-section 217

Gender (M/F)

Male 233

Female 197

Race

Caucasian 374

Black & Non-Caucasian 55

Meconium

Present 66

Absent 367

Gestational age (weeks)

Mean±SD 39.1±1.3

Range 33.4 to 42.3

Birth weight (g)

Mean±SD 3500±549

Range 1921 to 5695

Apgar score (5 minutes)

Mean±SD 8.6±0.6

Range 5.0 to 9.5

Gestational diabetes 26

Antenatal antibiotics 81

Antenatal steroids 4

Chorioamnionitis/sepsis 2
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vernix was left on the skin. Those with small amounts or no vernix
were wiped with a cotton towel to remove vernix and classified as
‘‘vernix removed’’. All infants were then wrapped in blankets. This
procedure provided a source of infants for the skin adaptation
study.

Shortly after delivery and vernix classification, the parents were
informed about the skin adaptation research project. The
Institutional Review Board of Christ Hospital approved the research
protocol. The infant’s parent provided written informed consent for
participation. From the total subject pool, 60 healthy newborn
infants took part between November 2001 and April 2003. Skin
measurements were made at sites on the infant’s chest and back
immediately after birth and about 4 and 24 hours later. At the time
of the initial measurements, the vernix retained at birth was no
longer visible on the skin surface (vernix retained group). Infants
were bathed with a liquid washing product (Johnson & Johnsons

Baby Bath) with nursery procedures (wet cloth, lather, wipe skin
surface, rinse with wet cloth, and infant under warmer) typically
after the initial measurements and about 2 hours prior to the
4-hour assessment. The SC hydration status was assessed as
previously described18,19 using a NOVA meter (NOVA Technology
Corporation, Portsmouth, NH). The SC surface hydration was taken
as the first reading and the moisture accumulation rate (MAT) was
determined over 20 seconds. Surface pH was measured with a Skin
pH Meter 900 (Courage & Khazaka, Koln, Germany) and a flat
skin surface electrode calibrated daily to pH 4 and 7 buffers. The
electrode was rinsed and blotted to remove bulk water prior to the
measurement. A trained judge evaluated skin erythema on a 0 to 4
scale (0 none, 1 mild, 2 moderate, 3 severe, 4 bleeding) and
dryness/scaling on a 0 to 3 scale (0 none, 1 mild, 2 moderate, 3
severe). Half-grade increments were used for intermediate

conditions for both scales. Room temperature and relative
humidity and outside conditions were recorded daily.

Study 4: Antioxidant Properties
Vernix was harvested from full-term infants born at University
Hospital (Cincinnati, OH, USA), stored in sterile vials, and held at
41C until the time of analysis. The hydrophobic components of
vernix were extracted into chloroform and solvent was evaporated
to dryness. The resulting residue was suspended in 95% ethanol
and pelleted by low speed centrifugation. The supernatant was
filtered, injected onto a C-18 HPLC column, and eluted with an
isocratic gradient of 95% ethanol. Absorbance was monitored at
290 nm and vitamin E standards (Sigma Chemical Co., St. Louis,
MO, USA) were used to quantify the amount of vitamin E. To
evaluate the efficacy of the vitamin E in vernix, the specimens
were irradiated with UVB radiation (260 to 320 nm) at a dose of
0.38 J/cm2 for 10 minutes and analyzed for vitamin E levels by
HPLC.

Statistical Analysis
Standard software (SigmaStat, SPSS and SASs) was used for
statistical analyses. Correlation coefficients were calculated using
Pearson’s product moment and Spearman procedures, as
appropriate. General linear model regression methods (SASs) were
used to determine the influence of variables on vernix distribution.
t-Tests were performed to compare temperatures and temperature
changes for the two groups and to compare the skin parameters for
the vernix retained and vernix removed groups. Paired t-test
procedures were used to compare skin parameters at birth and 24
hours within each group. pr0.05 was considered to be statistically
significant.
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Figure 1. The data for all 430 infants were segmented into three classifications: preterm (<37.0 weeks, n¼ 24), full term (37.1 to 40.9 weeks,
n¼ 372) and post-term (Z41.0 weeks, n¼ 34). The percent total coverage was significantly different among the three infant subgroups ( p<0.001,
ANCOVA) and indicates a negative relationship with GA. The error bars for the percent total coverage are too small to be visible in the graph.
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RESULTS
Surface Distribution at Birth
The mean vernix surface coverage was 38±1.2 % (mean±SE) for
the 430 infants, with most having a surface coverage of less than
10% or greater than 90%. The total surface distribution was
significantly dependent upon GA, delivery mode (vaginal versus C-
section), gender, race and the presence of meconium (Table 2).
The multiple linear regression model controlled for all of the
variables listed in Table 2. The vernix coverage was higher for
lower GA, C-section infants, females, and Caucasian infants, and
lower following meconium exposure. Vernix distribution
(continuous variable) was negatively correlated with GA
(correlation coefficient of �0.49, p<0.001). The value of R2 was
0.29, indicating that only about one-third of the variance was
explained by GA, delivery mode, gender, race, and meconium
exposure. To further evaluate the effects of GA, the data for all 430
infants were segmented into three groups: preterm (<37.0 weeks,
n¼ 24), full term (37.1 to 40.9 weeks, n¼ 372) and post-term
(Z41.0 weeks, n¼ 34). Mean values were extracted from the
analysis of covariance (ANCOVA) to adjust for the covariates in the
regression model (Figure 1). The three groups were significantly
different for percent total vernix coverage and indicate a negative
relationship with GA. Other factors during fetal development must
account for most of the variability in vernix distribution. The
coverage was significantly higher on the back than the chest
( p<0.05), indicating regional differences.

Thermal Regulation
Axillary temperatures during the first hour for the vernix retained
group (n¼ 66) were 98.1±0.9 and 98.1±1.01F at 30 and 60
minutes, respectively. For the vernix removed group (n¼ 64),
temperatures were 98.3±1.1 and 98.1±0.91F at 30 and 60
minutes, respectively. Vernix retention had no effect on axillary
temperatures at either time point. The vernix coverage was
46±4.8% for the retained group. The distributions for the back and
front were not significantly different. The preterm infants with
vernix retained had significantly greater total coverage (72±7.4%)
than the full-term infants with vernix retained (38±5.4%). There
was no correlation between the change in temperature (30 to 60
minutes) and the percent coverage, indicating that vernix

distribution did not significantly influence the thermal change.
During the study, the environmental conditions of the delivery
room and nursery were well controlled, thereby minimizing
thermal stress due to the surroundings.

Skin Surface Adaptation After Birth
The vernix retained and vernix removed groups were not
statistically different for GA, with values of 39.1±1.0 and 39.3±1.0
weeks, respectively. The gender distribution was 14 females/16
males for vernix retained and 13/17 for vernix removed. The
delivery mode distribution (C-section/vaginal) was 18/12 for
retained and 15/15 for removed. At birth, the total body distribution
of vernix was 26±3.3% for the removed group and 48±3.3% for
the retained group. The distribution was directionally higher
( p¼ 0.07) on the back (50±6.4%) than on the front (45±6.4%)
for the retained group.

Retention of vernix on the skin following birth resulted in
significantly different biophysical properties compared to infants for
whom vernix was removed. The moisture accumulation rate (MAT)
was significantly higher for the vernix retained group (back site)
than the vernix removed group at birth (1.45±0.32 for retained,
0.55±0.20 for removed, Figure 2) and 24 hours later (0.28±0.08
for retained, 0.03±0.08 for removed, Figure 2). The baseline SC
hydration was significantly higher at birth (chest and back sites)
for the retained group (107.6±3.6 for chest, 128.0±10.2 for back)
than for the removed group (104.2±6.9 for chest, 99.8±4.9 for
back). At birth, visual erythema on both sites was significantly
lower for the retained group (0.05±0.04 for chest, 0.07±0.04 for
back) than for the removed cohort (0.22±0.06 for chest,
0.26±0.06 for back). Directionally lower visual dryness/scaling
( p¼ 0.10) was observed for vernix retention than vernix removal
initially after birth. The skin surface pH was significantly lower for
vernix retention than for removal, both initially (5.16±0.16 for
retention, 5.97±2.8 for removal) and at 24 hours (4.90±0.19 for
retention, 5.63±0.26 for removal) on the back (Figure 3).

The effect of body site was examined for each group (paired
t-test, pr0.05). For the vernix-retained infants, MAT was
significantly higher for the back (1.45±0.32) than for the chest
(0.68±0.19) at birth. The skin dryness was significantly lower on
the back (0.12±0.05) than on the chest (0.27±0.06). At 24 hours

Table 2 Variables Influencing Vernix Surface Distribution (Mean±SE)

% Total surface distribution p-Value*

Delivery mode Vaginal delivery: 32.5±2.1 C-Section delivery: 42.8±2.3 0.01

Gender Male: 33.2±2.0 Female 43.0±2.4 0.006

Race Black & Other: 25.9±3.2 White: 39.4±1.7 0.0008

Meconium Present: 18.8±2.4 Absent: 41.1±1.7 0.002

*p-Value as derived from a multiple linear regression model.
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post birth, MAT was significantly higher for the back (0.28±0.08)
than the chest (0.12±0.04), the dryness/scaling was significantly
lower for the back (0.12±0.04) than the chest (0.29±0.06), the
skin surface pH was significantly lower for the back (4.90±0.19)
than the chest (5.61±0.28), and the baseline hydration was
significantly higher for the chest (96.1±1.3) than the back
(93.3±0.6). For the vernix-removed infants, MAT was significantly
lower at 24 hours for both the chest (0.02±0.05 at 24 hours,

0.56±0.24 at birth) and the back (0.03±0.08 at 24 hours,
0.55±0.20 at birth). At 24 hours, the back (0.18±0.05) was
significantly less dry/scaly than the chest (0.37±0.08).

Antioxidant Properties
The mean vitamin E concentration of individual vernix specimens
from eight term infants was 18.9±1.7 mg/g of vernix wet weight.
In a separate experiment, recovery efficiency was found to be
58.4±8.7% (mean±SEM), indicating that the actual vitamin E
levels may be higher than shown by the HPLC method. Pooled
vernix specimens (n¼ 7, 13.2±1.0 mg vitamin E/g wet weight)
were irradiated with UVB radiation (260 to 320 nm) at a dose of
0.38 J/cm2 for 10 minutes. Vitamin E levels had been reduced by
82% following UVB irradiation.

SIGNIFICANCE
Surface Distribution
Anecdotal reports indicate that the amount and distribution of
vernix on the infant at delivery are highly variable. Akiba20

evaluated the influence of gender, age, season, weight and parity
on vernix in 643 infants. In all, 16% had vernix over the entire
surface, compared to 8.6% in our group and no effects of gender or
season were observed. Akiba reported coverage to be inversely
related to birth weight, with a maximum for infants under 2000 g
and consistent with our findings. Our findings are consistent with
this observation.

Thermal Regulation
Previous work showed an effect of occlusion with water-
impermeable films to reduce the fall in body temperature after
birth.21 Plastic wrap, impermeable films, kangaroo care, and oil
massage were reported to be effective at controlling body
temperature over the first 24 hours of life in premature infants.21,22

There is little consensus, however, on whether vernix has an effect
on body temperature regulation and on whether it should be
removed or retained at birth. An association between vernix
removal and the development of subnormal temperatures has been
reported,23 but vernix removal has also been linked with decreased
evaporative heat loss.7 Shulak24 speculated that vernix could
provide thermal stability, but that it was not a primary factor in
thermal regulation at birth. Vernix retention had no significant
effect on thermal regulation in our population. However, additional
studies are required to determine the temperature effects in
younger premature infants (30 to 32 weeks GA).

Skin Surface Adaptation and Acid Mantle Development
Vernix retention led to a significantly more hydrated skin surface,
as evidenced by a higher moisture accumulation rate and a higher
baseline hydration (Figure 3). The outcomes support our previous
findings of a slow reduction in skin hydration and extend them by
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Figure 2. The moisture accumulation rate (MAT) was significantly
higher for the vernix-retained skin (back site) at birth and 24 hours
later (*p<0.05). The baseline SC hydration was significantly higher at
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skin with vernix retained was more hydrated than skin with vernix
removed. Vernix retention appears to facilitate proper postnatal
hydration.
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skin surface appears to occur sooner than under conditions of removal.
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suggesting that vernix retention may facilitate postnatal skin
hydration. The pH decrease following birth has been attributed to
maturation of the enzymes responsible for the synthesis of acidic
components.25 Fox et al.26 suggested that the mechanism of
postnatal acidification is established in early gestation and is
influenced by environmental factors. Few studies have addressed
the contribution of vernix caseosa to acid mantle development.
Behrendt and Green27 found no significant differences between in
skin pH in contralateral sites for vernix versus a water wipe
(n¼ 4) and suggested that the vernix layer (measured pH or 7.4)
influenced skin acidification, as did maceration and desquamation.
Puhvel et al.28 reported the hydrolysis of the triglycerides in sebum
to fatty acids by skin surface bacteria. The triglycerides in vernix
could be a source of acidic fatty acids at the skin surface, provided
that conditions for hydrolysis are present.29 Sweat, sebum, topical
products, washing, cleansing products, skin site, SC barrier status,
pH electrode treatment, site preparation, and meter calibration can
all impact skin pH measurements.30,31 Comparisons of data across
studies may reflect inherent variations in test methodology.

In this work, skin surface acidification appears to occur earlier
in the presence of vernix than under conditions of vernix removal.
An acidic SC is believed to provide an antimicrobial function, with
inhibition of growth of pathogenic bacteria.15,16,32 The acid mantle
may facilitate colonization of the skin surface with commensal
organisms.30,33 Additional studies are warranted to assess the
impact of vernix retention on the process of skin colonization.

Antioxidant Properties
Thiele et al.17,34 have reported the presence of vitamin E in the
epidermis and SC and that sebaceous secretion is a major
mechanism for its delivery to the skin surface. Exposure to UVA,
UVB and ozone results in reduction of vitamin E.34,35 Gerloczy
et al.36,37 first reported vitamin E in vernix over 40 years ago at
amounts from trace levels to 90 mg/g wet weight (0.21 mmole/g wet
weight), comparable to levels in high vitamin E organs. We found
a mean vitamin E content of 13.2 to 18.9 mg/g wet weight of vernix
(0.031 to 0.044 mmole/g wet weight). When normalized to vernix
lipid content, vitamin E was present at 0.15 to 0.22 mmole/g.
Recent reports indicate that vitamin E levels in the SC were 0.073
and 0.10 mmole/g dry weight for the arm and face, respectively,
suggesting that vernix may have higher levels of this antioxidant
than normally found in adult SC.17 The function of vitamin E in
vernix is unclear. Prenatal chorioamnionitis may lead to
production of oxygen radicals and a potential protective role for
vitamin E in utero. After birth, the skin surface normally
encounters sharp increases in oxygen levels and a pro-oxidant
environment. Adult studies support an antioxidant role for vitamin
E in sebum and SC. Ultraviolet light (a pro-oxidative stressor)
diminishes vitamin E levels in vernix. Our results suggest that
skin-based mechanisms for coping with oxidative stress may be
important in the late gestation fetus and newborn.

In summary, this is the first systematic assessment of vernix
function and distribution in 50 years. Many questions still remain.
GA, delivery mode, race, gender, and exposure to meconium
explain only one-third of the variability in vernix distribution.
Amount (weight) was not quantified and may be an important
factor. Additional studies are necessary to more fully understand
the perinatal influences that regulate the distribution and amount
of vernix.

The overall clinical implications of this research are that vernix
caseosa may be left in place at birth. Parents and health-care
providers can be encouraged to view vernix as a naturally
occurring cream that may facilitate adaptation to a dry
environment. Vernix biology is a relatively unexplored field of
perinatal biology with practical implications for translational
physiology, infection control, bathing practices, temperature
management and surface adhesion. The effects of vernix on
newborn skin raise the intriguing possibility of using vernix as a
prototype for the development of new barrier creams, particularly
those which could be applied to premature infant skin to facilitate
the formation of an effective SC barrier.
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