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Abstract

Both the presence and impact of biofilms have proved to be ground breaking regarding early diagnosis and
treatment in acute and chronic cutaneous, neurological and other internal diseases. Further, biofilms and the
activation of the innate immune system have added clarity to the pathogenesis of those diseases. Our current
observations are the first to demonstrate viral biofilms in skin disease; these observations are also the first to
demonstrate intracellular biofilms in skin disease. We have observed these in lesions of Molluscum contagiosum
(MC). The only previous observation of viral-induced biofilms has been with the HTLV-1 virus. The essential
elements of a biofilm are extracellular polysaccharides (EPS) that form the bulk of the biomass, and amyloid fibers
that form the proteinaceous infrastructure of the biofilm. Histopathology of skin lesions revealed positive periodic
acid Schiff (PAS) and positive Congo red (CR) and crystal violet (CV) stains within MC lesions. The PAS stains the
EPS while the Congo red and crystal violet stain the amyloid. Similar staining was absent both in controls and in
surrounding skin; this is strong support for the hypothesis that the virus “hi-jacks” the cell’s DNA and makes
“intra”cellular biofilms.
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Introduction
We present, for the very first time, observations that a virus,

Molluscum contagiosum (MC), makes biofilms in a skin disease. Only
once in the medical literature has a virus been shown to make biofilms,
namely the HTLV-1 virus [1]. Further, we present the novel finding
that the MC virus causes biofilms to be made inside epidermal cells
which is the first instance of “intra”cellular biofilms in dermatologic
disease. We have shown this with histopathology of MC and have
identified the principal elements of a biofilm (polysaccharides and
amyloid) in molluscum lesions by utilizing periodic acid Schiff (PAS)
and Congo red (CR) stains [2]. The amyloid was further confirmed
with crystal violet (CV) staining. The MC lesions from ten patients
were studied.

Methods
This study was approved by the Drexel University College of

Medicine Institutional Review Board.

Ten histologic specimens of MC were examined microscopically by
four dematopathologists. Hematoxylin and eosin (H+E), PAS, CR and
CV staining was performed. Ten control specimens from cutaneous
lesions of atopic dermatitis were examined with the same staining
procedures. Each of the stained specimens was examined by four
dermatopathologists.

Results
The diagnosis of MC on routine H+E staining was readily apparent

with each specimen demonstrating the hallmark features of a

molluscum lesion: central punctum, lesional epidermal hyperplasia,
and typical Henderson-Patterson bodies. The PAS stains revealed focal
intracytoplasmic staining in the Malpighian cells just above the basal
zone. (Figure 1) The CR stains were positive in a similar location, as
were the CV stains. (Figure 2) The atopic dermatitis specimens showed
no similar intracytoplasmic staining in the Malpighian cells; they did
show staining in the distal sweat ducts (which is the pathologic
signature in atopic dermatitis) [2]. The positive staining was present in
10/10 specimens (P=0.001, χ2). Each specimen also served as its own
control with the lesions showing changes and the adjacent (normal)
epidermis demonstrating no similar findings.

Figure1: PAS positive deposits in the Malpighian cells above the
basal layer (arrows). This represents staining of the polysaccharides
in a biofilm. Similar deposits are not found in the adjacent
epidermis. Molluscum bodies are clearly present (PAS stain 10X).
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Figure 2: Congo red deposits noted in the Malpighian cells (arrows).
This represents staining of the amyloid in biofilms (Congo red stain
40X).

Discusssion
The PAS, CR, and CV histopathologic stains were positive in the

lesions of MC (and negative in the controls and surrounding skin); this
is evidence that the virus is creating an “intra”cellular biofilm inside
lesional epidermal cells. More correctly, the virus is inducing the
epidermal cells to create a biofilm that envelops the virus particles. A
biofilm is typically composed of microbes, “extra”cellular
polysaccharides, amyloid, DNA, fatty acids, protein, dead cells,
exporter cells, and water channels [3]. The PAS stains the
polysaccharides in the biofilm, and the CR and CV stain the amyloid
that forms the infrastructure of the biofilm. This is similar to those
biofilms that we have demonstrated in atopic dermatitis, psoriasis,
tinea versicolor and tertiary Lyme disease [2,4-6]. The PAS, CR, and
CV stain the essential components of the biofilms associated with
those lesions.

If the same parameters are present with viruses as with other
organisms where ten microbes (in any direction) are necessary to make
a “quorum” and begin forming a biofilm [7] the smallest size for a MC
biofilm would be 0.003 µ given the size of the MC organisms as 1 × 2 ×
3 nm. This calculation would lead to a total volume for that biofilm of
0.014 µ, and that volume would contain approximately 2400 viral
organisms. This size biofilm would fit handily inside a keratinocyte.
For comparison, because of the larger size of the spirochetes (Lyme
and dental), the smallest spirochetal biofilm in Alzheimer’s disease
contains 250 organisms [7]. Whether the same parameters exist in
intracellular vs extracellular biofilms regarding the size needed for a
quorum of microbes necessary to form biofilms is not fully
understood.

The only viral biofilm noted to date is that produced by HTLV-1.
That biofilm is present at the borders of the “infected” lymphocytes.
The HTLV-1 “hijacks” cell proteins to create the extracellular biofilm
[1]. The location of the MC biofilm, on the other hand, is clearly
intracytoplasmic; the concept of “intra”cellular biofilms is well
established and has been seen in such diverse conditions as urinary

tract disease, pneumonitis and Alzheimer’s disease [8]. The
intracellular microbes in a biofilm are doubly protected from the
immune system and other disease modifying agents. Viruses have been
shown to assist bacteria (filamentous phages and Pseudomonas) in
biofilm production and to enhance biofilm growth (Pseudomonas and
respiratory syncytial virus) via dysregulation of immunity from
alteration of iron metabolism [9,10]. This may be a potential role for
the Herpes simplex virus that has been found in the brains of
Alzheimer’s patients [11] namely assisting the spirochetes that are
present there to create biofilms and activate the innate immune system
[3].

Treatment that might arise from this observation could possibly
involve a biofilm dispersing agent [12] but whether that agent would
penetrate through the punctum to the depths of the lesion and then
through the cell wall, is questionable. This work does offer a protocol to
investigate other viral diseases to discover whether those create
biofilms. This is compelling in that most organisms prefer to live in
communities rather than in the planktonic state [13].
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