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UNRAVELING THE MYSTERY OF VERNIX CASEOSA

Gurcharan Singh, Archana G

Abstract

Vernix caseosa is a white, creamy, naturally occurring biofilm covering the skin of the fetus during the last trimester of
pregnancy. Vernix coating on the neonatal skin protects the newborn skin and facilitates extra-uterine adaptation of gkin
in the first postnatal week if not washed away after birth. It consists of waler-confaining corneocytes embedded in a
lipid matrix. The strategic location of the vernix on the fetal skin surface suggests participation in multiple overlapping
functions required at birth. such as barrier to water loss, temperature regulation. and innate immunity, Vernix seems to
perform various integral roles during transition of the fetus from intra-uterine to extra-uterine life. It has also found
various interesting diagnostic and prognostic implications in this arena. Thus, it continues to be an intriguing topic of
interest among the medical fratemnily to understand its detailed biology and function in the fetus and also to put its
naturally endowed characteristics to use in the adult population.
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Introduction
*Vernix’ = to varnish. ‘caseous’= cheesy nature.'

Vernix caseosa is a naturally occurring, complex, lipid-rich
substance covering the skin surface of the fetus in the last
trimester of pregnancy, produced in part by fetal sebaceous
glands.>?

It provides multiple overlapping maturational functions for
the development of skin in utero and adaptation post-birth,
reflecting intimate matermal and fetal interactions.

The term *Vernix caseosa’ first appeared in 1846 in the
Dunglison dictionary of Medical Sciences. Ever since, it
has been a fascinating topic of study among the research
fraternity and clinicians alike.

This article reviews vernix caseosa, the area of science rich
in potential collaborative study, by expert clinicians, as to
its fundamental nature, biology, and functions as well as its
direct clinical application in skin care.

Biology of Vernix Caseosa

According to present knowledge, vernix production is
unique to humans,

Inherent in the understanding of biology of vernix is

a fundamental understanding of the epidermal barrier
formation in utero.
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As early as 3 weeks of gestation, presumptive epidermis
consisting of a single layer of cuboidal cells develops
from the embryonic ectoderm® and by the 11" week, the
epidermis has three distinctive layers: basal, intermediate,
and superficial (periderm).’

Beneath the protective cover periderm, the epidermis
stratifies and differentiates, forming the four distinctive
layers of the epidermis by the end of the 4" month of
gestation. Periderm provides a temporary barrier suitable
for aqueous environment in utero with active transport
mechanism between the amniotic fluid and embryo by virtue
of its microvilli at its apical surface. Durable cytoskeletal
framework of keratin macro fibrils and cornified envelop is
formed to provide mechanical strength analogous to “bricks
and mortars’.®

Periderm cells are replaced continuously until 21 weeks
when it is completely shed and replaced by the stratum
cormneum.” The shed periderm cells are mixed with sebum
secretions from the sebaceous glands within the epithelial
walls. It is within this combination that vernix caseosa
formation occurs.*”

An endocrine-based mechanism for vernix production has
been proposed.'

Hypophyseal- pituitary-adrenal axis regulates sebaceous
gland activity of the fetus in utero and subsequently results
in production of the superficial lipid film (sebum). first
at the vicinity of pilosebaceous unit.'"" This changes the
transepidermal water gradient and facilitates cornification of
the underlying epidermis. Enzymes required in the process,
hydroxyl steroid dehydrogenases and 5 alpha-reductase are
present after 16 weeks.
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The glands reach a peak of activity in the third trimester
and their secretion together with desquamated corneocytes
into the overlying lipid matrix results in the formation of
TRUE VERNIX.

The development of vernix progresses in a cephalocaudal
manner and is the result of an orderly progression of
epithelial maturation." It coats the fetus until birth.

Late in the second trimester and particularly in the third
trimester. fetal lung maturity parallels with sebaceous gland
peak activity and increased physiological concentrations of
pulmonary surfactant emulsifies surface vernix."*'" There is
‘roll up” and detachment of vernix and consequent increase
in amniotic fluid turbidity.'® It is suggested that the coating
spreading and detachment of vernix is facilitated by the
thermal temperature in utero.'®

At birth, vernix may cover the entire skin surface or only
confined to body folds." Its color may reflect intra-uterine
problems such as hemolytic disease of newborn, post
maturity, where it is of golden yellow color. Fetal distress

in utero may stain vernix by bile pigments present in

meconium.

Very low birth weight infants, i.e., <28 weeks’ gestation
and <1000g have very immature and incompetent stratum
comeum?® and also lack the protective mantle of vernix
caseosa. Anecdotal reports indicate that the amount and
distribution of vernix on infant at birth are highly variable.
Akiba studies® suggest no gender or season effect on
vernix coverage and the coverage to be inversely related to
birth weight, with maximum for infants fewer than 2000g.
Visscher ef al,”* showed that the vernix coverage was higher
for lower GA,C-section infants, females, and Caucasian
infants and lower following meconium exposure. Coverage
was significantly higher on the back than chest, indicating
regional differences. Percentage of infants with coverage
over entire body surface in these two studies has also been
abserved to be highly variable.

Structure and Composition of Vernix Caseosa

Vernix consists of water (81%), lipid (9%). and proteins
(10%).2

Vernix exhibits a non-lamellar lipid matrix containing
hydrated corneocytes with no intercorneal desmosomal
connections, in contrast to adult stratum corneum, which
contains mature corneocytes and lamellar lipid matrix.*

Thus, the wvernix structure exhibits “pasta and cheese”
morphology with a “mabile” architecture.

Specific material composition reflects cholesterol esters and
wax esters, ceramides derived from stratum corneum and
sebaceous origin squalene, cholesterol, triglycerides, fiee
fatty acids, phospholipids, and cellular elements.'’*

Non-polar lipids such as sterol esters and triglycerides
predominate among free lipids, having a chain length of
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up to 32 carbon atoms. The profile of fatty acids [omega]-
hydroxyacids and [omega]-hydroxyceramides, representing
the bound lipids of vernix shows high similarity to that of
stratum corneum; however, vernix lipids show lower degree
of ordering as compared to stratum corneuni 2

Though approximately 80% of vemix is water, it still has
high viscosity, suggesting that its water must reside within
a highly structured state which hypothetically is conferred
by the abundance of water-filled fetal corneocytes in vernix.
These fetal corneocytes in utero act as “cellular sponges”
to facilitate and maintain cornification by interdicting water
moving across the fetal skin, whereas sebaceous lipids in
vernix provide a hydrophobic barrier.?’

Ultra-structural studies show hydrated corneocytes devoid
of nuclei and other organelles with sparse network of
keratin filaments, about 1-2 micrometers in thickness,
lacking desmosomal connections, and surrounded by a thick
layer of amorphous lipid without lamellae. Intercellular
lipid contains unidentified inclusion bodies, presumably
proteinaceous material of keratinocyte origin or sebocyte
debris.” Cells in various stages of keratinization may be
seen with nuclear remnants.®

Histochemistry = shows = variable acid phosphatase
activity intracellularly or in amorphous lipid matrix.
Immunofluorescent staining tests of frozen VC smears
show that only immunoglobulin G conjugate gives strong
positive reaction at antigen sites of VC cells.?®

Earlier studies had shown that vernix possesses
antimicrobial polypeptides. Recently, Maria Tollin er a/
conducted proteome analysis of vernix caseosa and proved
the presence of potent antimicrobial polypeptides. A total
of 41 proteins, of which 25 are novel to vernix, have been
detected. Effectively, 39% of identified vernix proteins
are components of innate immunity and 29% have direct
antimicrobial properties.

Origin of vernix proteins seem to be multiple-amniotic
fluid, fetal lungs, blood contamination, dermal origins,
activated keratinocytes.?”

Functions of Vernix Caseosa

During transition from intra-uterine to extra-uter-
ine life :

The vernix within amniotic fluid when swallowed by fetus
has potential effects on the developing gut. Glutamine being
>20% of amino acid content of vernix is a known trophic
factor for the developing gut and is generally required by
rapidly preliferating cells such as intestinal epithelium
and lymphocytes. Asparginase is also found in abundance,
forming >30% of amino acid content.”!

Vernix performs an epidermal barrier function in utero
to facilitate epidermal growth underneath it and acts as a
hydrophobic barrier against amniotic fluid maceration and
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loss of fluids and electrolytes or TEWL (Trans Epidermal
Water Loss).

Vemnix also acts as a protective biofilm by minimizing
friction of fetal parts during delivery and as an antimicrobial
cover against the bacteriologically rich environment of the
mother’s genital tract along with the insulating effect on
the fetus.*

Thermal regulation at birth

Inspite of modern methods of nursing and incubation, the
temperature control during the first few hours of life in very
low birth weight pre-term infants remains a problematic
area in the field of neonatology.

Since these infants have incompetent stratum corneum
and high TEWL, it has been suggested by some authors®
that the hydrophobic layer of vernix is to be retained after
birth and allowed to separate its natural way, which usually
occurs by about the 5" day, except in folds of the body
where it takes 5 more days to separate. This has shown
considerable reduction in the number of cases of subnormal
temperature.

However, there is considerable debate on whether vernix
has an effect on body temperature regulation and on
whether it is to be retained or not. Shulak speculated that
vemix could provide thermal stability, but is not a primary
factor.™ Vernix removal has also been linked to decreased
evaporative loss.*® The latest study on this issue by
Visscher et al** has showed no significant effect on thermal
regulation by vernix retention. This aspect of function of
vernix warrants further studies.

Skin surface adaptation after birth

Newborn infants undergo a progressive adaptation
immediately after birth, including a slow reduction in
surface hydration, decrease in skin PH, and stratum
comeum dehydration/ desquamation with formation of
a dry skin surface. Moreover. there have been regional
variations noted in these parameters.’*’

Vernix may have a role in modulating these processes as
evidenced by some studies.

Vemix loses its exogenous water slowly.”

Vemix retention after birth results in significantly more
hydrated skin surface with higher moisture accumulation
rate and higher baseline hydration. This may facilitate
postnatal skin hydration.

PH decrease following birth has been attributed to
maturation of enzymes responsible for the synthesis of
acidic components’” and triglycerides in vernix could
be a source of acidic fatty acids, provided conditions for
hydrolysis are present.’

Visccher et al suggest that skin surface acidification appears
to occur earlier in the presence of vernix retention.
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An acidic stratum corneum is believed to inhibit the growth
of pathogenic bacteria®' and facilitate colonization with
commensal organisms on the skin surface 24

Antioxidant properties

Vernix is said to have antioxidant properties by virtue of the
presence of antioxidants vitamin-E and melanin in it.*"

As birth marks a time of high oxidative stress, the
antioxidant properties of vernix may help in coping with
the pro-oxidant environment as suggested by a decrease in
vitamin-E levels in vernix on exposure to ultraviolet light
(pro-oxidative stressor). 22484

Anti-infective property

Earlier reports described mechanical
of vernix with respect to bacterial
has also been shown to effectively block penetration
of exogenous chymotrypsin present in the amniotic
fluid from meconium contamination, while itself being
devoid of alpha-chymotryptic activity, while retaining
endogenous(epidermal) chymotrypsin.® Recent studies
have shown that vernix, like the epidermis, contains
antimicrobial peptides and has a direct role in defense
against bacteria 242

barrier properties
invasion.”® Vernix

Some identified proteins with antimicrobial properties
are:®

[Alpha]- Defensins [human neutrophil peptide (1-3)]
Cathelicidins (LL-37)

Psoriasin

Ubiquitin

Palate lung nasal epithelial clone (PLUNC)
Neutrophil gelatinase-associated lipocalin (NGAL)
Ribonuclease-7

Annexin 1

Secretory leukocyte protease inhibitors

Calprotectin (calgranulin A, B)

Vernix is also associated with surfactant-associated
protein A and surfactant-associated protein D implicated
maintenance of airway bacterial homeostasis and also
against intra-uterine infection.*

Lysozyme and lactoferrin are the other innate immune
proteins present in vernix.?

The broad-spectrum action of many of these proteins,
in particular the cathelicidins and defensins, may aid
in avoiding the development of resistance in bacterial
pathogens.”

Moisturizing properties

Because of its high water content, vernix acts as an
agent to moisturize the stratum corneum. Comparison
with various barrier creams like petrolatum, aquaphor,
and eucerin, shows vernix to be having higher water
content.'”
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Along with providing “water-proofing” to fetus in utero, it
has also been found that application of vernix to adult volar
forearm results in an increased capacity to bind exogenous
water,”

Vemnix contains filament aggregating protein, which when
broken down forms water-binding molecules referred to
as Natural Moisturizing Factor (NMF), which operates to
maintain suppleness and plasticity of stratum corneum.*

Recent studies have focused on methods to assist with
epidermal barrier and evaluating the role of topical
emollients in the prevention of infection in pre-term
infants, %60

However, the emollients lack the active antibacterial
properties and the structural barrier-enhancing properties of
vemix.

It will not be very long in the future when vernix caseosa
may be effectively used as a natural emollient, with all its
naturally endowed properties.

Wound healing properties

Vernix has shown to increase skin metabolism in vitro by
increasing glucose consumption and lactate production.”
The regulation of transepidermal water gradient is known
to be important in the epidermal barrier formation and
regeneration following wounding;5? and so also the effects
of its trophic effects of increased glutamine content. These
factors may account for its healing properties in treating
adult patients with trophic ulcers of lower extremities® and
perineal wounds following delivery." It may also hence be
used in atopic dermatitis against bacterial skin infections.®

Given the innate properties of vernix for the neonate-
like waterproofing, barrier function, hydration, anti-
infective, and antioxidant properties, has benefits for burn
patients, who have analogous deficits in skin burn trauma-
dehydration and hypovolemia, impaired skin integrity,
increased anerobic metabolism, and oxygen-free radicals.®

The placement of superficial layer of vernix over laboratory-
cultured skin surfaces is currently under investigation,
which can then be applied for grafting burn areas.

Endogenous sking cleansing properties

In experiments performed using human skin soiled with
carbon particles, vernix had comparable efficacy to standard
commercial skin cleansers.* And unlike commercial
soaps, it is capable of providing physiologically relevant
lipids to the skin surface with additional moisturization,
antioxidation, and infection control, all so important for
skin surface integrity.

Retention of Vernix in Skin Care of Newborn
Infant

Traditional practice has directed nurses to wipe vernix
caseosa from wet skin of the newborn as part of initial care
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in the birthing center. As thermoregulation and resuscitation
are the priorities of care, wiping of skin was considered the
preferred method for accomplishing drying and stimulation
of respiratory effort. As the movement toward evidence-
based practice has become a major practice effort, the
practice and procedure for this nursing activity have
fallen under scrutiny @ A multiple-site national study
was conducted by the National Association of Neonatal
Nursing (NANN) and the Association of Women's Health
Obstetrical and Neonatal Nursing (AWHONN) in 1998.%
A consensus statement based on the results of the study
directed “removal of all vernix is not necessary for
hygienic reasons” and “vernix may provide antibacterial
promotion and wound healing”. Interestingly, the World
Health Organization (WHO) also recommends leaving
vernix intact on the skin surface after birth.”

Diagnostic and Prognostic Implications of Vernix
Caseosa

Identifying elements of vernix caseosa in pulmonary arterial
blood using modified version of the procedure originally
described by Masson et al provides a rapid method
of diagnosis of the amniotic fluid embolism following
delivery.”

A strong association between presence of vernix and mature
LSR (Lecithin: Sphingomyelin Ratio) in amniotic fluid
(>2) has been seen using an amnioscope. This suggests
that amnioscopy may be used to assess fetal maturity
before induction of labor, a less invasive procedure than
amniocentesis.™

Analysis of vernix in the amniotic fluid has been evaluated
as a prognostic index of weight of the newborn™ and
prognostic of maturity status of the fetus.™

Vernix caseosa has been used as an alternative to other
biological specimens for the determination of fetal cocaine
exposure due to its presence in all newborns, ease of
collection and storage, and provision of historical record of
drug exposure.™

Vernix caseosa observed in urine of the parturient,
VERNIXURIA, has been reported as an additional sign of
uterine rupture,’

Vernix  caseosa granuloma” and vernix caseosa
peritonitis™” have been reported as rare complications of
Cesarean section, suggesting that in cases in which there is
a copious amount of vernix on infants at birth, care should
be taken to meticulously irrigate and clear the peritoneal
cavity of ell debris.

It has been proposed that pregnancy protects against breast
cancer, in part, because it results in excretion of lipophilic
carcinogens by the mother through fetal fat and vemix
caseosa.®

The physical properties of vernix hypothetically contribute
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the skin of the newborn; and the possibility of pheromones
being a part of vernix is open to investigation 3!

Vemix caseosa has been implicated in the causation
of neonatal aspiration syndrome®* and vemix caseo-

granulomatous

meningitis.™ Hence,

pregnant  women

with a diffuse pattern of high-level echoes in prenatal
ultrasonography, suggesting the presence of massive vernix
caseosa, should be shifted to a well-equipped institution for
delivery.
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