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The usefulness of the electron microscope has increased rapidly since its in-
troduction by Knoll and Ruska (1) some 20 years ago. Recent technical advances
have converted this device from a laboratory curiosity to a practical and efficient
instrument for the exploration of the sub-microscopic world. The potentialities
of the electron microscope as a research and diagnostic instrument in medicine
are great. This paper is a review of available information about the electron
microscope which pertains to the skin and some of its diseases.

Description of the Instrument
A microscope can only form a correct image of an object larger than one-half the wave

length of the light passing through the optical system (2, 3). As the light microscope uti-
lizes a wave length of about 5,000 Angstrom units, the shortest distance that can be resolved
is about 200 millimicrons (2,000 Angstrom units). The only means of visualizing smaller
objects is to use a beam of shorter wave length. Ultraviolet light can extend this limit
somewhat further, but by using a beam of electrons vibrating at an extremely short wave
length, particles as small as 10 millimicrons in diameter may be satisfactorily studied.

The principles of construction of the electron microscope combine the already familiar
features of both the x-ray apparatus and the light microscope. The source of the beam
is an electron gun operating at a potential of about 50,000 volts. The anode is made in such
a way as to allow the passage of the electron stream through itself into a system of "lenses."
These "lenses" instead of being constructed of glass as in the light microscope are electro
or permanent magnets which are capable of focusing the beam on a fluorescent
screen or photographic plate. This system of "lenses" takes advantage of the fact that
electrons will deviate towards the axis when passing through a magnetic field.

The specimens to be viewed are placed in a chamber between the condenser and the ob-
jective "lenses." The object, depending upon its degree of density, appears as a more or
less dark area on the viewing screen. The denser areas of the specimen deflect more of the
electrons which strike them and prevent their impact on the corresponding portion of the
screen, which will remain dark in contrast to the other areas of the screen which are sub-
ject to an uninterrupted flow of these particles. Thus the darkness of the image is propor-
tional to the density of the material being studied, provided the thickness is kept con-
stant.

As a specimen support, analagous to the glass slide of the optical microscope, a wire
screen is used which has been overlayed with amonomolecular film of collodion or Form-
var (4). Those portions of the preparation lying between the meshes of the screen are thus
subjected to the beam and may be studied with the electron microscope. The correct prepa-
ration of the material to be studied is a major problem. The prime requisite is that the sub-
ject material be extremely thin. This is easily obtained in the case of biologic particles such
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as viruses and small bacteria because of their size. The visualization of thicker material
such as tissue sections, thick fibers, etc., was impractical until the recent work of Pease
and Baker, and others (5—8). These workers have developed microtomes which when used
with special methods of tissue fixation and embedding will cut extremely thin sections of
the size of ?ff to 1ff micron (5). Another important technical advance was the introduction
of the shadow casting technic by Williams and Wyckoff in 1945 (9). This method takes
advantage of the electron opacity of very thin films of certain heavy metals, which when
coated onto particles gives them a three dimensional appearance which reveals otherwise
hidden details of structure. Chromium, gold, palladium and uranium are the most satis-
factory materials now in use (10—12).

The Skin Viruses

The elementary bodies of all but the largest viruses are of insufficient diameter
to be seen with the light microscope (13, 14). They were among the earliest ob-
jects of study by electron microscopists. Previous investigations of the appear-
ance of these bodies using the darkfield technic have been recorded by Robinow
and Bland (15), Eisenberg-Merling (16), Ebert and Otsuka (17), and others.
However, the physical limitations of their equipment prevented a detailed de-
scription of these agents and their studies had to be confined to the larger viruses.
Because of the ease of obtaining material from virus diseases of the skin, and the
distinctive shapes of some of these agents they were among the first viruses
characterized with the electron microscope.

Many diseased tissues have been used as a source of material for the extraction
of the virus in question. Obviously, the more homogeneous this material and the
more dissimilar it is in nature from that of the virus the less confusing will be the
picture obtained after purification procedures. The most commonly used source
is vesicle fluid and in general this material has given the most satisfactory micro-
graphs. Successful examinations have been undertaken, however, with both skin
scrapings and crusts of older lesions. The introduction of the thin sectioning
technic may yield much useful information from biopsy material.

To study vesicle fluid after withdrawing it from the lesion it is placed on the
collodion membrane of the objective screen and washed and dried. It is then ex-
amined directly or after "shadow casting" in the electron microscope. It must be
emphasized that the washing-drying procedure is a necessary evil and may be
responsible for some artifacts in the resulting photographs. Experience and a
study of uninfected control tissue and vesicle contents, is of the utmost im-
portance in the proper evaluation of the image on the viewing screen. When one
considers the many normal tissue components which can mimic the appearance
of the virus particle the care which must be taken in interpretation will be recog-
nized (18). The possibility of viewing the virus in its intra-cellular position in
tissue culture cells is promising (19). In this technic the infected tissue culture is
allowed to grow out from the explant onto an electron microscope screen which
is then removed and examined. The most recent advance is the technic of Green
who advocates placing the electron microscope screen into the chorioallantoic
cavity of the developing chick embryo (20). The cells surround and grow onto
this foreign body and when the grid is removed the cells are in place and ready
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for viewing. The advantage claimed for this latter method is the lack of any
necessity for a supporting collodion membrane. Hence more contrast in the micro-
graph is obtainable.

Morphology of Skin Viruses

Molluscum contagiosum is the largest of the skin viruses (21). The elementary
bodies are rectangular in shape, measuring about 390 x 280 millimicrons. Small
irregularities are to be seen on the surface but in general they are quite uniform
in size and shape. There is some tendency toward chain formation and clumping
as best demonstrated in the unshadowed preparation. Rake and Blank (22)
have recently observed minute "sub-virus" particles of about 100 x 83 mp,
which when aggregated occupy much of the substance of the large elementary
body where they appear to be embedded in a homogeneous matrix.

The elementary bodies of vaccinia and variola are indistinguishable under
the electron microscope, as would be expected from the close antigenic relation-
ship between the two viruses (23—25). The rectangular individual particles have
dimensions in the range of 300 x 245 mit. Favorable preparations will sometimes
show dense areas in the substance of the body, which has been interpreted by
some as evidence for a complex internal structure.

As shown in the accompanying photographs, the elementary bodies of herpes
zoster and varicella are identical. These units are occasionally rectangular in
shape, more often sperical and of an average size of approximately 240 x 210
m. Electron micrographs have lent support to the argument that the viruses
causing chickenpox and herpes zoster are closely related, if not identical (26,
27).

The virus of herpes simplex is the smallest of this group, measuring about 175
mit. in diameter. T he extreme fragility of the virus increases the possibility of
artifacts in preparation but the consistently spherical shape of these elements
is demonstrated in the accompanying illustrations.

Clinical Uses in Virus Diseases of Skin

As Van Rooyen and Scott have pointed out, the electron microscope is a
"practical instrument for the diagnosis of smallpox" (28). They suggest that
during the macular, vesicular or pustular stages of the disease when a rapid di-
agnostic method would be most valuable the electron microscope has a distinct
advantage over rabbit cornea (Paul test) or chick embryo inoculation, which
require several days to perform. Nagler and Rake (29) also demonstrated the
value of the electron microscope as a diagnostic instrument to separate chicken-
pox and smallpox.

The confirmation of the view that a single virus is responsible for herpes zoster
and chickenpox was effected primarily through the use of the electron micro-
scope by Rake, et al. (30), who convincingly demonstrated the similarity of the
elementary bodies obtained from each of these clinical conditions. The nature of
the reaction between viruses and their corresponding antibodies has been well
studied by Anderson, Wyckoff and others (31—33). These workers have found
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Fig. 1. Variola, unshadowed, X15,000
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that there is first an absorption of the specific antibodies onto the individual virus
particles which is followed in time by agglutination in the framework of the
"microfloc." Wyckoff believes that this method of observation may be the basis
for the development of "super sensitive diagnostic methods" in virology (34).

The method of multiplication of the viruses is under intense study, for until
such information becomes known, effective therapeutic agents probably will not
be available. The most direct means of observing the life cycle of the virus would
be the actual observation of these processes in situ in the intracellular position.
The thin sectioning, tissue culture, and implantation technics described have
opened the door to this very promising aspect of study.

A number of interesting studies on malignant tissue have indicated the pres-
ence of spherical bodies of size such as to put them in the approximate virus
range (35, 36). Hllwig and Alexander found bodies of this type in 23 malignant
and 7 benign tumors. However, they did not believe them to be viral in nature,
but rather aggregates of globular protein produced by alterations in the colloid
state of the cancer cell (37). Tn two recent publications (38, 39) Passey and co-
workers have presented electron microscope photographs of apparent viral bodies
in extracts of breast tissue and milk from high breast cancer strains of mice.
Control preparations of low breast cancer strains showed consistent absence of
these particles.

Electron Microscopy of Spirochetes
Mudd, et al. were among the early workers on the morphology of the trep-

onemes. (40) Tn their studies on T. pallidum, T. macrodentium, and T. microden-
hum they visualized the presence of a definite cell wall which extended beyond
the protoplasm at either end of the cell and was also visible between incompletely
separate daughter cells. In all organisms studied, except T. microdentium, flagellae
were distinctly seen along the sides of the organism but not terminally. Oc-
casionally, they were grouped in tuft-like structures. Herxheimer's previous de-
scription of protoplasmic, granular structures was confirmed, and these dense
spherical objects were found to be from 40 to 90 millimicrons in diameter. The
so-called "granules spirochetogenes" which are irregular spherical bodies about
150 to 500 millimicrons in diameter were observed near the end of the organism
and were thought to be "asexual, reproductive bodies." On the basis of their
electron micrographs, these authors concluded that the treponeme probably
divided transversely.

Wile, Picard, and Kearney in a later paper confirmed the existence of such
flagellae (41, 42). The possibility of the introduction of artifacts by centrifuga-
tion, washing, and drying, necessary before examination, is admittedly very great
and any interpretations made, must therefore be tentative. Wyckoff has also
worked on this problem and his shadow cast photographs show the presence of
terminal flagella. He demonstrated that side to side approximation of two spiro-
chetes probably accounts for the old theory of longitudinal division.

In 1946 Tung and Frazier noted a loss of flagella and lengthening of the Reiter
spirochete on contact with penicillin (43'. More recently Morton and Oskay (44)
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using the Nichols cultured strain have confirmed the increase in length but have
also shown that there is a tendency for incomplete fission. They found organisms
as long as 24 microns in the penicillin containing culture which was twice the
length of the longest organism seen in the control media. Incomplete fission of
the spirochetes resulted in chains measuring up to 51 microns. These latter
workers did not observe the flagellar suppression described by Tung and Frazier
bitt did note in some treponemes the development of fusiform swellings after
contact with penicillin.

It would be of interest to examine with the electron microscope the effects
of other agents upon the treponemes, such as Nelson's immobolizing antibody
(45), and to study in finer detail the recently described stages in the life cycle
of the spirochete (46).

Melanin Structure

The fine structure of melanin from several different tissues has been described
by Mason and coworkers (47). They ground the parent tissue and extracted the
melanin by differential centrifugation. The melanin from mouse melanomas was
found to be elliptical in shape and about 350 to 400 millimicrons in diameter,
whereas control tissue consisting of amelanotic melanomas did not contain par-
ticles of this size. That obtained from beef eye structures was similar in appear-
ance, but the particles were larger. The melanin from human skin, however, was
quite different, being composed of both globular and rod shaped elements of from
100 x 400 to 180 x 600 millimicrons in size. They concluded that melanin is made
up of specific "formed elements."

Protein Structure

The electron microscope has made it possible to visualize individual protein
molecules (48). As a result, the structure of a number of proteins such as myosin,
thrombin and fibrinogen has been described (49—5 1). The important role of
collagen in the several collagen diseases make this tissue element of primary in-
terest to the dermatologist. Schmitt and his co-workers have demonstrated
fibrils in collagen which have distinctive cross-striations (52—54). Their studies
also indicate that contrary to the accepted theory, collagen is probably composed
of protein molecules of the alpha or folded type and not the extended beta type
structure. Human skin collagen fibrils are very similar to that of the other ani-
mals, although those in man seem to be buried in a non-fibrous matrix which
was not seen in the other specimens. The extreme elasticity of the individual
fibrils was demonstrated when it was discovered that they could be stretched up
to 10 times their original size without fracturing. Astbury, however, in a recent
paper retained the older concept and viewed the collagen fiber as being composed
of long thread-like! molecules which are twisted into "molecular yarn" (55).
The nature of the molecular changes in degenerated collagen has not been in-
vestigated fully as yet. In a previously quoted paper (22) Rake and Blank noted
the presence of what appeared to be collagen fibrils in a preparation from the in-
clusion body of molluscum contagiosum. It was thought possible, however, that

288 THE JOURNAL OF INVESTIGATIVE DERMATOLOGY

using the Nichols cultured strain have confirmed the increase in length but have
also shown that there is a tendency for incomplete fission. They found organisms
as long as 24 microns in the penicillin containing culture which was twice the
length of the longest organism seen in the control media. Incomplete fission of
the spirochetes resulted in chains measuring up to 51 microns. These latter
workers did not observe the fiagellar suppression described by Tung and Frazier
but did note in some treponemes the development of fusiform swellings after
contact with penicillin.

It would be of interest to examine with the electron microscope the effects
of other agents upon the treponemes, such as Nelson's immobolizing antibody
(45), and to study in finer detail the recently described stages in the life cycle
of the spirochete (46).

Melanin Structure

The fine structure of melanin from several different tissues has been described
by Mason and coworkers (47). They ground the parent tissue and extracted the
melanin by differential centrifugation. The melanin from mouse melanomas was
found to be elliptical in shape and about 350 to 400 millimicrons in diameter,
whereas control tissue consisting of amelanotic melanomas did not contain par-
ticles of this size. That obtained from beef eye structures was similar in appear-
ance, but the particles were larger. The melanin from human skin, however, was
quite different, being composed of both globular and rod shaped elements of from
100 x 400 to 180 x 600 millimicrons in size. They concluded that melanin is made
up of specific "formed elements."

Protein Structure

The electron microscope has made it possible to visualize individual protein
molecules (48). As a result, the structure of a number of proteins such as myosin,
thrombin and fibrinogen has been described (49—51). The important role of
collagen in the several collagen diseases make this tissue element of primary in-
terest to the dermatologist. Schmitt and his co-workers have demonstrated
fibrils in collagen which have distinctive cross-striations (52—54). Their studies
also indicate that contrary to the accepted theory, collagen is probably composed
of protein molecules of the alpha or folded type and not the extended beta type
structure. Human skin collagen fibrils are very similar to that of the other ani-
mals, although those in man seem to be buried in a non-fibrous matrix which
was not seen in the other specimens. The extreme elasticity of the individual
fibrils was demonstrated when it was discovered that they could be stretched up
to 10 times their original size without fracturing. Astbury, however, in a recent
paper retained the older concept and viewed the collagen fiber as being composed
of long thread-like molecules which are twisted into "molecular yarn" (55).
The nature of the molecular changes in degenerated collagen has not been in-
vestigated fully as yet. In a previously quoted paper (22) Rake and Blank noted
the presence of what appeared to be collagen fibrils in a preparation from the in-
clusion body of molluscum contagiosum. It was thought possible, however, that



PLATE IV

Fig. 1. Molluscum contagiosum, unshadoweci, X15,000
Fig. 2. Molluscum contagiosum, gold shadowed, Xl5,000
Fig. 3. Herpes simplex, unshadowed, X15,000
Fig. 4. Herpes simplex, gold shadowed, x15,000
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PLATE V

Fig. 1. Collagen fibrils from human corium, chromium shadowed, X19,300. (Gross and
Schmitt. J. Exp. Med. 88: 555, 1949.)

Fig. 2. Staphylococcus aureus, positive replica, chromium shadowed, X15,000.

PLATE VI

Treponema pallidum from a lesion of secondary syphilis, chromium shadowed. (Cour-
tesy Dr. Harry Morton and Dr. William Ford.)
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these fibrils could represent fragments of the ribonucleoprotein matrix of these
inclusions. Very little work with the electron microscope has as yet been under-
taken as to the basic structure of keratin. Farrant, however, in a brief recent
report indicated that fibrous keratin does not consist of long chains of folded or
extended molecules, but rather is composed of strings of globular protein mole—
cules (56). He also proposed the somewhat aberrant view that the beta keratin
form arises not from the unfolding of the polypeptide change, but is more prob-
ably due to the addition of interfold water.

CONCLUSION

A review of the various phases of electron microscopy of interest in dermatology
has been presented. We have indicated those areas in which conclusive evidence
is lacking and tried to point out some of the avenues by which they may be ap-
proached. The electron microscope will undoubtedly become increasingly val-
uable and practical as new technics and applications are developed. In the words
of Wyckoff, "a new kind of embryology will rise which deals with units on the
molecular instead of the cellular scale of organization."
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DISCUSSION

DR. MAURICE J. STRAUSS: I have had no great experience in identifying ele-
mentary bodies in tissue by this technic. I would be interested to hear whether
the presenters have used it in verrucae, because we have tried it but with no suc-
cess.

DR. II. DOUGLAS BALDRIDGE (Closing Discussion): We have used this technic
chiefly in the common virus diseases—herpes simplex, etc., but have had no ex-
perience in the electron microscopy of the virus cited Dr. by Strauss.
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