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Origins of...

Electron microscopy and viral diagnosis

C R Madeley

The electron microscope (EM) was developed
in Germany during the 1930s to visualise
objects too small to be resolved clearly by the
light microscope'; viruses were among the first
objects to be seen with it. Stanley and
Anderson2 published pictures of unstained
tobacco mosaic virus and other plant viruses in
the early 1940s but the contrast was poor and
no fine detail was revealed. No further progress
in unveiling virus morphology was made until
Brenner and Horne3 showed that salts of some
heavy metals would form an electron dense
amorphous "glass" around viruses, making
their fine structure visible by negative contrast
(negative stain). The method of preparation
was elaborate at first but has since been refined
to mixing a stain with a suitably dilute prepara-
tion of virus, placing the mixture on a formvar
coated EM grid, drawing off the surplus
mixture, and allowing it to dry. This extremely
simple method has made it possible to visualise
most viruses provided that the concentration
was higher than about 106 viruses per
millilitre.4

In the 10 years or so after Brenner and
Horne's paper, micrographs of one virus after
another were published and these studies con-
firmed two important facts. First, although
preparation might include ultracentrifugation
at 100 000 xg, treatment with various stains,
drying, and irradiation in the microscope, the
morphology revealed by electron microscopy
was very consistent and could be used reliably
to identify individual structural groups. Sec-
ond, morphology was closely linked to other
physicochemical properties-for example, all
viruses with a herpes morphology contain dou-
ble stranded DNA of a generally similar size
and genomic organisation. Although some sci-
entists maintained that all EM images were
artefacts, they were consistent enough possibly
to be useful in diagnosing viral infections.5
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The electron microscope as a diagnostic
tool
By the mid-1960s smallpox had been elimi-
nated from Europe, North America, and
Australasia but was widespread in Africa, Asia,
and South America. In the non-endemic areas
fewer and fewer people were vaccinated and
there was a risk that occasional imported cases
could initiate an epidemic. Smallpox had to be
distinguished rapidly and reliably from chick-
enpox to allow genuine cases of smallpox to be
isolated and the threat contained. Pox viruses

and herpes viruses were totally dissimilar under
the EM6 and it was shown by several groups
that more than sufficient virus was present in
vesicle fluid from each disease to be seen with-
out difficulty. A considerable number of EMs
were then bought for diagnostic laboratories in
the United Kingdom and elsewhere. Although
imported smallpox was rare, the microscope
became an integral part of smallpox diagnosis.7
With the elimination of smallpox in 1976 a

new role for the diagnostic EM was needed.
Other skin lesions were known to be caused by
viruses and it was shown that common warts,8
molluscum contagiosum,9 and orf lesions'0 all
contained enough virus to be visible under the
EM in a simple extract. However, none of these
had the destructive potential of smallpox and
could often be diagnosed clinically. Even as
early as 1970 the EM was in danger of revert-
ing to research use only.
By the mid-1970s viruses had been identi-

fied as the cause of many diseases, but they
were also thought to be involved in the
common episodes of diarrhoea and vomiting
responsible for substantial morbidity and
mortality in children, particularly in the
tropics. Nevertheless, although bacterial causes
were identified by culture, no pathogenic
organisms were recovered from the stools of
more than half the patients and "viruses" were
blamed. Enteroviruses, adenoviruses, and reo-
viruses were isolated from stool samples but
not frequently enough to determine a causal
relation." Kapikian and colleagues in the
United States used electron microscopy to
investigate an outbreak of gastroenteritis that
had occurred in Norwalk, Ohio.'2 They used
convalescent sera from infected individuals to
aggregate virus particles in stool extracts in the
(correct) assumption that such clumps would
be easier to see in EM.

This demonstration that virus could be seen
in stool extracts attracted little attention, prob-
ably because it involved a defined outbreak,
required convalescent sera, was labour inten-
sive, and particles seen lacked defining fea-
tures. It must have seemed a lot of effort for lit-
tle reward but no one thought it worthwhile to
examine stool extracts directly.
The alternative EM preparative technique of

fixing, embedding, and thin sectioning tissue
was regarded as too elaborate and too slow for
routine use in virus diagnosis. However, Bishop
and colleagues'3 in Australia examined biopsies
by thin section EM taken from children with
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Figure 1 (A) Rotavirus; (B) fastidious adenovirus; (C) astrovirus; (D) calicivirus. All
from stool extracts negatively contrasted with 3% potassium phosphotungstate pH 7.
Original magnification x200 000.

possible malabsorption and discovered much
larger virus-like particles (approximately
70 nm in diameter compared with 30 nm for
the Norwalk virus) present in the cytoplasm of
enterocytes. Shortly afterwards, Flewett et al'4
showed that these virus particles could be seen

directly in stool extracts by negative contrast
after elaborate concentration and separation
procedures. The virus they found (fig 1A) was

later called a rotavirus and is one of the most
common of all viruses. It has been found
everywhere, with similar viruses infecting the
young of a wide variety of animal species.

Initially, rotaviruses were assumed to be the
cause of viral diarrhoea but, with simplified
preparation methods, other viruses were also
found in diarrhoeal stools. Adenoviruses"
(later found to be types 40 and 41) (fig 1B),
astroviruses (fig 1C), caliciviruses (fig ID),`7
faecal coronaviruses, and a variety of small
round viruses'9 (either plain (SRV) or struc-
tured (SRSV)) were rapidly identified. Some
were associated with outbreaks ofvomiting and
diarrhoea (often after eating raw or under-
cooked shellfish) and others with endemic
diarrhoea, mostly in children but occasionally
in adults and the elderly.
The middle to late 1 970s were a heady period

as a succession of new viruses were identified,
but by the 1980s, new additions had become

rarer. Toroviruses20 and picobirnaviruses2' were
added but their role in causing disease remains
uncertain. Even after discovery of all these
viruses, there are considerable cases of diar-
rhoea in which neither a bacterial nor a viral
cause is found. The previous observation that
these viruses did not grow in cell culture was
confirmed even though the numbers present
reached astronomical levels (> 1012 per gram of
faeces). Some were persuaded to grow under
research conditions and other techniques were
developed to show that all the newcomers had
several serotypes. Would further information
come from using enhanced methods of detec-
tion?

Enhancement
Norwalk virus was found by immune electron
microscopy (IEM). The surface fuzziness on
the particles was misinterpreted as a coating of
antibody but later evidence showed that the
virus is naturally fuzzy. IEM was not new in
1970, Anderson and Stanley22 had used it in
their studies of tobacco mosaic virus. Later
Almeida and Waterson23 explored its possibili-
ties but found that it worked best when the
amount of virus and the amount of antibody
were approximately equivalent. The absence of
titrated sera and unknown concentrations of
virus has limited its use in routine diagnosis.
Moreover, a heavy coating of antibody will
obscure surface detail on the virus making
identification difficult. Development of the
Derrick technique24 (or solid phase IEM
(SPIEM)) showed how antibody might be of
practical use by coating the microscope grids
with antibody. (This made them sticky and
anchored any virus particles, greatly enhancing
the number visible.) Suitable antiserum was
essential but, because it biased the results
towards the virus targeted by the antiserum,
SPIEM has not been used routinely but mainly
to investigate outbreaks associated with
Norwalk-like viruses. Heavy metal labels at-
tached to antibodies (ferritin or colloidal
gold25) have been tried both in research and
diagnostic roles. This should allow the identifi-
cation of specific antigens on the surface of
both virus particles and cellular structures but
neither has proved ideal. Ferritin conjugates
are notorious for non-specific reactions and
colloidal gold labels detach from the antibody
in storage giving a very limited shelf life.
Nevertheless, antibody plain or labelled can
help in identifying "difficult" or low titre virus.

The future
EMs require major capital investment and they
are expensive to maintain. There is an increas-
ing feeling in cost conscious diagnostic labora-
tories that the days of electron microscopy are
numbered. Alternative tests which are simpler
(and presumably cheaper) should be replacing
these white elephants. Nevertheless the speed
of diagnosis (approximately 15 minutes at its
best), the versatility of the EM in being able to
detect a wide variety of viruses without any
prior selection, and that up to nine or more
different tests would be needed to replace it,
should ensure its continued use. A complete
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assessment of its costs will show that it does not
have to be prohibitively expensive, particularly
as good quality second-hand machines are

available. New viruses are still being identified
and, as morphology is a good predictor of other
properties, EM examination is essential. An
EM remains a vital facility in a regional
diagnostic laboratory. Without it, investigation
of outbreaks are incomplete. Though the heady
days of the 1970s may be over when opening a

journal seemed always to reveal yet another
virus, electron microscopy still provides a diag-
nosis unmatched for speed and certainty.
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