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I. INTRODUCTION 

The development of electron microscopy as applied to diagnostic virology began 
with the occasional, yet nonetheless urgent, need to differentiate herpes zoster 
infections from mild or atypical variola. Laboratory methods had been designed 
to identify these viruses but only electron microscopy enabled the differentiation 
to be made within minutes of receiving the clinical specimens. A description of 
the electron microscopic procedures used to successfully identify herpes zoster or 
variola in vesicular fluid specimens taken from infected patients was published 
in 1948 by Nagler and Rake. 

The introduction of the negative staining technique using phosphotungstic 
acid or uranyl acetate (Brenner and Horne 1959, Horne, 1965) provided a rapid 
and simple method for the elucidation of individual virus particle morphology. 
Since viruses are identified by their morphologies into herpes-like or 
adenovirus-like particles etc., the rapid diagnosis of viral infections by electron 
microscopy (EM) was now possible. 

However, the electron microscope of yesteryear was not an instrument which 
could be manipulated with impunity. Most instruments were mounted on 
especially constructed plinths, usuaiiy in basement stairweiis, and each required 
its own voltage accelerator. Maintenance costs of these early electron 
microscopes were prohibitive and only a few EM experts could obtain 
consistent, high quality results. By the late sixties and early seventies, the 
electronic revolution which brought us the pocket calculator and personal 
computer had revolutionized electron microscope design. Smaii, high resolution 
transmission electron microscopes were developed and made available to 
diagnostic virology laboratories. It was no longer necessary to spend months 
mastering the intricacies of column alignment, instrument cleaning and pump 
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down sequences. The modem electron microscope was available for immediate 
use by the non-expert. 

Direct visualisation of virus particles in clinical specimens requires an initial 
virus concentration of 106-1o8 particles per mi. This may seem like a prohibitive 
requirement but it is now recognized that in certain viral infections, viral 
particles may be found in selected clinical specimens in enormous numbers. The 
vesicular fluids taken from herpes or poxvirus lesions certainly contain virus in 
sufficient numbers to permit direct visualisation by electron microscopy and this 
is also true of fluid stool samples taken from patients with rotavirus 
gastroenteritis. Indeed, the voluminous body of literature on human 
gastrointestinal viruses was initiated by the electron microscopic visualisation of 
human rotavirus (Bishop et al.1973, Flewett et al.1973) in the stools of infants 
suffering from viral gastroenteritis. Since these previously unrecognized viruses 
did not replicate in commonly used cell cultures, electron microscopy was, until 
comparatively recently, the only means of laboratory diagnosis. Further electron 
microscopic investigations of human gastrointestinal disease believed to viral in 
origin led to the discovery of the enteric adenoviruses (Gary et al.1979), 
calicivirus (Madely and Cosgrove 1976), astrovirus (Madely and Cosgrove 1975), 
coronavirus (Caul et al.1975) and the numerous small round structured viruses 
(SRSV) associated with outbreaks of gastrointestinal illness (Appleton et al., 1977; 
Kapikian et al.1972). It is now recognized that direct electron microscopy in itself 
may be insufficiently sensitive to detect SRSV in all but the most heavily infected 
samples (Munroe et al.1991) but the use of immunoelectron microscopy OEM) 
greatly increases the likelihood of virus detection in stool samples taken from 
infected patients. 

Direct electron microscopic examination of serum samples obtained from 
patients with serum hepatitis revealed the the Dane particles later shown to be 
the causative virus of hepatitis B. Recently, aggregates of parvovirus particles 
(Devine and Leblanc, unpublished) have been visualized in serum taken from 
patients with Fifth disease. No doubt the search is presently underway for the 
elusive hepatitis C virus and electron microscopy may well succeed where the 
traditional methodologies of cell culture have presently failed. However, electron 
microscopic examination of serum samples is rarely performed nowadays. The 
sensitive and specific technologies of enzymeimmunoassay or radioimmuno
assay have supplanted the time consuming and labor intensive EM techniques 
used to detect virus in serum. 

There was a number of early publications reporting the suitability of 
nasopharyngeal secretions for direct EM detection of respiratory syncytial virus, 
influenzavirus or parainfluenza viruses, but ordinarily, this author has found that 
the concentration of virus in these specimens is usually too low to provide 
consistent results. Attempts to enhance direct EM detection using solid phase 
immunoelectron microscopy (SPIEM) have proved only partially successful and 
it is now generally accepted amongst diagnostic virologists that 
immunofluorescent antibody methods (IF AT) or enzyme immunoassay (EIA) 
utilising monoclonal antibodies are presently the methods of choice for the rapid 
detection of respiratory viruses in clinical specimens. 
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Similarly, direct EM of biopsy specimens , brain liver lung, seldom yields 
satisfactory results. Rapid demonstration of herpes simplex antigens in brain 
biopsy tissue taken from patients with herpes encephalitis is much more readily 
effected by monoclonal IF AT than by direct EM. The same may also be said for 
lung biopsies taken for cytomegalovirus investigation, although, in this example, 
inoculation of lung biopsy extract onto shell vials of WI38 fibroblasts and 
fourteen to eighteen hours incubation is necessary before CMV early antigen can 
be demonstrated. 

Electron microscopic detection of virus particles in all clinical specimens 
would be ideal, but unfortunately the concentration of viruses in most clinical 
specimens is far too low. Preliminary procedures for increasing the number or 
concentration of virus present are therefore often used before the material is 
examined by electron microscopy. Some clarified specimen extracts may yield 
positive results after ultracentrifugation (Hammond et al.1981) but the majority 
require inoculation on to susceptible cell monolayers of human or simian origin 
within which the virus can multiply. 

These inoculated cell monolayers are examined daily for the appearance of 
features indicative of virus infection. When viral replication is suspected, direct 
electron microscopic examination of the infected monolayer lysate usually 
reveals the presence and morphology of the infectious agent. Preliminary reports 
describing the viral agent as resembling herpes, adeno, myxo or other viruses are 
then issued. 

The time saved by applying electron microscopy to cell culture isolation 
techniques is therefore considerable. Using this combination of techniques it is 
often possible to make a tentative diagnosis of viral infection and report this is to 
the patient's physician as early as two days after receipt of the clinical specimen. 
Thus, in today's diagnostic virology laboratory, electron microscopy retains an 
eminent role in the rapid detection of viruses either directly from suitable clinical 
specimens, or after virus replication in permissive cell cultures. 

II. ELECTRON MICROSCOPY METHODS 

A. Formvar Coating of Copper Grids 

1. Fill water trough with dist H20 until meniscus bulges. Quickly sweep 
water surface with a glass rod to eliminate surface dust. 

2. Take a clean dry microscope slide and dip 1.5 inches vertically into a 
small beaker containing a 0.30% solution of formvar in ethylene 
dichloride. Lift vertically and allow to dry. 

3. Scratch edges of the formvar coated slide with a scalpel blade. 
4. Place the formvar coated slide end at the surface of the water in the 

prepared water trough. At a constant angle of 45 degrees, push slide 
down into the water. The formvar film will peel off from the slide and 
float on the water surface. 
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5. Place grids copper side up onto the floating formvar film in an orderly 
fashion (5 rows of 10 grids). Avoid placing grids too closely together and 
do not place grids too near film edges. 

NOTE: 
Once a grid has been placed on the formvar film never attempt to rearrange it. 
Any attempt to do so will result in the loss of all of the grids on the film. 
When sufficient grids have been place on the formvar film, remove from the 
water surface using a clean square of parafilm, and allow to dry. Following 
formvar coating of the grid, a thin layer of carbon is evaporated onto the 
formvar to strengthen the grid and provide a measure of contrast. 

B. Carbon Coating of Formvar Grids 

This procedure will vary according to the vacuum evaporator used for carbon 
deposition. The following outline serves only as a description of the method used 
in our laboratory utilising a Varian carbon evaporator. 

1. Activate vacuum evaporator and allow to warm up for at least 45 
minutes. Prepare carbon rods by finely sharpening one end with the rod 
sharpener. 

2. Tack parafilm backed formvar-coated grids onto a clean dry microscope 
slide using surface attraction and cut away excess parafilm. Grids face 
outwards. 

3. Place slide on evaporator table with two small pieces of white porcelain 
upon one of which is a small drop of high vacuum oil used as an 
indicator of carbon film thickness. 

4. Position grid loaded evaporator table for coating by tilting towards the 
electrodes at an angle of 20 degrees. 

5. Align carbon rods on electrodes so that the grids are at the optimum 
coating distance for the instrument used. 

6. Evacuate pressure chamber and evaporate carbon onto the grids using 
the contrast difference between the oil drop and naked porcelain as a 
visual guide to carbon film thickness. 

7. Repressurize vacuum chamber, remove coated grids and store. 

C. Preparation of Specimens for Direct EM 

The methods by which specimens are prepared for examination in the 
electron microscope are varied although in each technique, a single aim is 
pursued; the electron microscopist must be able to clearly identify individual 
virus particle morphology. 

Specimens suitable for direct EM include vesicle fluids and lesion crusts, 
fluid stool samples and infected cell culture lysate. Negative staining can be 
carried out quickly and easily using 1% phosphotungstic acid (PTA) in H20, pH 
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7.0. All EM grid preparation procedures should be carried out within the 
confines of a Class 1 or greater biohazard hood. Grids are usually prepared in 
duplicate 

1. Vesicle Fluids 
This type of specimen may be applied directly onto a prepared 400 mesh 
carbon coated formvar grid. 
a. Place a drop of vesicle fluid on the coated side of a prepared grid 

and blot dry by touching a torn piece of blotting paper to the side of 
the grid. 

b. Sterilize grid with a drop of 0.25% gluteraldhyde in H20 and blot 
dry. 

c Negatively stain using a drop of 1% PTA, blot dry and examine at 
160,000x magnification. 

The negative stain forms an electron dense halo around the electron 
permissive virus on the grid and highlights typical virus morphology. 
However, since fluid stool samples or cell culture fluids contain 
background organic material and salts which tend to crystalize on the 
EM grids and obscure virus particle morphology, a certain minimum of 
sample preparation may be necessary. For these specimens there are a 
number of simple techniques which may be utilized to this end. 

2. Fluid Stool Specimens and Not So Fluid Stool Specimens 
a. Fluid stool specimens may be applied directly to a prepared carbon 

coated grid or after a 1:1 dilution in dd H2 0. Soft stools should be 
emulsified to liquid form and applied to the grid. Blot dry. 

b. Wash grid by applying a drop of dd H20. Blot dry. 
c Continue 1(b) through l(c). 

3. Biopsy or Tissue Specimens 
Specimens containing large amounts of dissolved salts, i.e. infected 
biopsy lysate, crust lysate or infected tissue culture cell lysate may be 
prepared for direct electron microscopy by simple agar dialysis. 
(Anderson and Doane, 1972) 
a. Place suspect biopsy tissue in a clean sterile metal planchette (a clean 

1 oz. universal bottle cap without liner is satisfactory). Add 1 drop 
of dist H20 so that tissue is within the fluid. 

b. Freeze and thaw specimen 3 to 5 times by touching planchette 
alternatively to a block of solid C02 and the back of a gloved hand. 

c Remove one or two drops of specimen lysate taking care not to 
disturb cellular debris. Place one drop of lysate onto solid 1% Noble 
agar contained in a microtitre cup. 

d. Place carbon coated formvar grid at the drop surface and allow the 
fluid to diffuse into the agar. (This removes excessive salts which 
might crystalize on the grid.) 

e. Remove the grid from the agar surface, sterilize, stain, label and 
read. 



162 R.D. 0. DEVINE 

CSF and urine specimens concentrated by ultracentrifugation may also 
be processed as above. 

D. Identification of Virus Particle Morphology 

Since the identification of virus particle morphology is not always 
straightforward, examination of the prepared grids should be carried out by an 
electron microscopist widely experienced in virus particle morphology. 

The classic textbook configuration, e.g. the icosahedral capsomered 
symmetry of an adenovirus is not always seen in electron microscopic prep
arations of clinical specimens and diagnosis may have to be made from the 
observance of non-typical or broken particles. Similarly, herpesvirus virions may 
be seen intact within an outer membrane or penetrated by the negative stain. 
Because of their very small size, 25-35 nm, it is often difficult to distinguish 
complete enterovirus particles from cellular artifacts or ribosomes. However, 
observance of empty ring-form viral capsids, uniformly 25-35 nm in diameter, is 
presumptive evidence of enterovirus presence. Other commonly encountered 
viruses may be identified relatively easily. Thus the double capsid substructure 
of the rotavirus is easily discerned; the haemagglutinin fringed influenzavirus, 
unmistakable. 

With experience, the electron microscopist can recognize a wide variety of 
particle morphologies and assign the observed particle to a major virus group. 

E. Identification of Enterovirus isolates by 
lmmunoelectron Microscopy 

Although the neutralization procedure is still the method of choice to 
identify unknown enterovirus isolates, the use of immunoelectron microscopy 
(IEM) to identify enterovirus offers certain advantages during outbreaks of 
enteroviral disease caused by a single serotype. 

In these circumstances a simple imrnuno-aggregation of the isolated 
enterovirus may quickly and specifically confirm its identity. The procedure is as 
follows: 

1. Freeze and thaw infected cell cultures. 
2. Remove one drop of infected cell lysate and add to one drop of specific 

neutralizing antisera at a dilution of 20 NDso. Mix well and place two 
drops of the mixture on to 1% noble agar contained in a microtitre cup. 

3. Place carbon coated formvar grid, coated side down on the surface of 
virus antibody mixture. 

4. Incubate the mixture at 37°C for 30 minutes or until the salts etc., have 
dialysed into the agar. 

5. Remove grid, sterilize and negatively stain. 
If the enterovirus isolate is aggregated by a specific antiserum e.g .. , Echo 14 

the virus identity is confirmed. If no virus-antibody aggregates are found and 
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only discrete particles are observed, the isolate must be neutralised in cell culture 
using the enterovirus typing pools. 

In a variation on the above technique viral antisera can be incorporated at 
optimum dilution into the 1% Noble agar (Anderson and Doane, 1973). This 
serum in agar methodology combines the agar diffusion procedure with 
immunoelectron microscopy to give a dearer end result. 

F. Solid Phase lmmunoelectron Microscopy 

Solid phase immunoelectron microscopy (SPIEM) utilizes viral specific 
antibodies (nowadays mostly monoclonal) to enhance the attachment of virus 
present in clinical specimens to ionized formvar-carbon coated grids. The 
antibody solution (optimizes between 1:50 and 1:1000 in water) is coated onto the 
grid for 10--15 minutes at room temperature. The grids are washed twice in 0.5 
M tris buffer pH 7.2 and once with drop of double-distilled H20 before use. The 
specimen is incubated with the prepared grid on agar for 20 minutes after which 
the grid is negatively stained, sterilized and read. A further refinement of this 
procedure is to first coat the grid using a 1 mg/ml protein A solution prior to 
coating with antisera (SPIEM-SP A) 

Electron dense colloidal gold particles (uniformly 16 nm in diameter) can 
also be used to signal the presence of specific viral aggregates utilising a 
technique known as protein A-gold immunoelectron microscopy (P AG- IEM). 
Protein A solution preparations are electrostatically bonded to the electron dense, 
easily seen, colloidal gold particles which are then used to signal the presence of 
antigen-antibody complexes on the EM grid. 

G. Infections Diagnosed by Electron Microscopy 

Poxviruses 
The eradication of smallpox in 1979 forever removed an ancient scourge 

which had claimed the lives of countless millions down through the ages. Variola 
major was certainly the most important pathogen of the poxvirus group and the 
few remaining poxviruses associated with human infection seem trivial by 
comparison. Nevertheless, diagnostic virology laboratories are often asked to 
examine clinical specimens for the presence of poxvirus and the electron 
microscopist must be familiar with the pox and para poxvirus groups. 

Most contemporary requests for poxvirus investigation are associated with 
zoonotic infections in patients who handle sheep, goats or cattle. Direct EM of 
vesicle fluid or crusts taken from poxvirus lesions will usually reveal the 
infectious agent present. Orf is the quintessential parapox virion, 160 x 300nm., 
spindle rather than brick shaped with surface features reminiscent of a "skein of 
wool". Vaccinia is an orthopoxvirus,250 x 350nm and brickshaped. 

Other poxviruses of clinical interest include molluscum contagiosum, 
tanapox and monkeypox. Molluscum contagiosum is a common infection which 
is usually diagnosed clinically. When laboratory confirmation is requested ,the 
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virus may be visualized by direct EM of an excised lesion. Tanapox virus 
infections are geographically limited to the Tana river area of Kenya and Zaire. 
Monkeypox, which may be clinically indistinguishable from smallpox, is due to 
an orthopox virus found only in the rainforests of Central and West Africa. 

Herpesviruses 
While there are many infections, systemic and superficial, associated with the 

human herpesvirus group, (HSV-1 and 2, VZV, CMV, EBV, HHV6 ) EM 
diagnosis is essentially limited to the examination of vesicle fluids for typical 
herpes-like particles. EM diagnosis of herpes simplex or varicella zoster virus 
infections is not normally given priority in rapid diagnostic laboratories except 
on those occasions when samples are submitted from neonates or 
immunocompromised individuals where early diagnosis and chemotherapeutic 
intervention may be lifesaving. 

CMV may be detected in urine samples taken from infected patients after 
ultracentrifugation and EM of the pellet for typical herpes-like particles. 
However, it is now recognized that this methodology is much less sensitive than 
the preferred shell vial technique for CMV early antigen and therefore is rarely 
used today. 

Diarrhoeal Viruses 
Over the past seventeen years, it has been well established that type A 

rotaviruses and, to a lesser extent, adenoviruses are the major causes of 
gastroenteritis in children under two years (Flewett et a/.1988; Simon and Mats 
1985). In 1987, an epidemic of diarrhoea affecting over two hundred adults in the 
Chinese city of Qinhuangdao (Fang et a/.1989) was found to be due to type B 
rota virus also known as adult diarrhoea rota virus (ADRV). 

However, in 20-30% of cases of diarrheal illness in children and a higher 
proportion of adults with gastrointestinal illness, bacterial or viral agents are 
seldom detected using standard laboratory procedures (Davidson 1986). 
Recently, this diagnostic gap has been almost completely closed by the extensive 
use of electron microscopic methods, (DEM, IEM, SPIEM etc.) and radio or 
enzyme labeled immunoassays which have demonstrated the presence of one or 
other of the small round structured viruses (SRSV) Norwalk, calicivirus, 
astrovirus, etc., in the stools of infected patients. Other viruses including parvo, 
small round viruses, (SRV) and coronavirus have also been implicated in human 
diarrheal illness but not to the same extent. 

Since virtu~lly all of the SRSV's associated with gastroenteritis do not 
replicate in commonly used cell cultures, nor is there yet any suitable animal 
hosts which can provide a model for viral pathogenesis or yield large quantities 
of virus for research purposes, laboratory diagnosis of these fastidious viruses 
has been confined to research laboratories or facilities with expertise in electron 
microscopy. Human volunteers have been the source of the large quantity of 
virus needed to further elucidate the relationships and characteristics of these 
important pathogens. 



CURRENT ELECTRON MICROSCOPIC METHODS 165 

Norwalk-like Agents 

These small round structured viruses (SRSV) have been associated with 
numerous outbreaks of gastroenteritis around the world. (Leers, et al.1987, 
Hayashi et al.1989, Kjeldsberg et al.1989, Storr, et al.1986, Gellert et al.1990). Virus 
transmission is thought to be food or water borne with anal-oral transfer to 
secondary cases (Sekla et al.1989, Riordan et al.1984). 

Norwalk and associated SRSV's, Hawaii, Snow Mountain and Otofuke agent, 
were once though to be antigenically distinct but IEM studies using convalescent 
sera taken from experimentally infected patients have revealed varying degrees 
of antigenic crossrelatedness (Madore, et al.1990). SPIEM tests, using whole 
serum and purified IgM obtained from volunteers experimentally infected with a 
Norwalk-like strain which had been recovered from infected patients in 
geographically separate outbreaks of diarrheal illness in the United Kingdom, 
indicated that there are at least three Norwalk-like serotypes (Lewis, 1990). A 
report from Japan, suggests that there may be as many as nine serotypes with 
varying degrees of cross-reactivity to the candidate Norwalk and Otofuke strains 
(Okada et al. 1990). 

Virus obtained from human volunteers experimentally infected with 
Norwalk virus was used to construct recombinant complementary DNA (eDNA) 
and clones representing most of the viral genome were obtained. The specificity 
of the clones was shown by their hybridization with virus obtained from 
symptomatic volunteers, and with purified Norwalk virus. Hybridisation assays 
between overlapping clones, restriction enzyme analyses and partial nucleotide 
sequencing all indicate that Norwalk virus contains a single stranded, 7.5 
kilobase RNA genome of positive sense with a polyadenylated tail at the 3' end. 
A consensus amino acid sequence typical of RNA-dependent RNA polymerase 
was also identified (Xi et al.1990). 

Caliciviruses 
Calicivirus are small round structured particles (35-40 nm) with a distinctive 

appearance by electron microscopy. They are fastidious viruses which do not 
replicate in existing cell culture systems. Caliciviridae have been associated with 
diarrheal illness in humans, farm animals and reptiles. In vivo experiments 
confirm that the virus replicates in the gut and is species specific. Molecular 
analysis indicates caliciviruses are RNA viruses possessing a single major 
structural poly peptide of 60--71 kD (Cubitt, 1987). 

Astroviruses 
Astroviruses are so named for their distinctive star like morphology on 

electron microscopy. They have been associated with outbreaks of gastroenteritis 
across the globe. (Kurtz et al.1977, Ashley et al.1978, Konno et al.1982). There 
appears to be at least five astrovirus serotypes, all of which have been cultivated 
after blind passage in trypsin treated cell cultures (Lee and Kurtz 1981). A 
monoclonal antibody EIA which detects the presence of all known astrovirus 
types with a specificity and sensitivity of 96% and 91% respectively has been 
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developed (Herrmann et al.1990) and used to ascertain the role of astrovirus 
infections in daycare facilities (Lew et al.1991). It seems likely therefore that the 
laboratory diagnosis of astrovirus infections will rely less on EM and more on 
EIA in future studies of astrovirus associated illness. 

Coronaviruses 

Coronaviruses were first thought to be only associated with mild upper 
respiratory infections (Tyrrell and Bynoe 1965, Hamre and Procknow 1966) Later 
observations of corona -like particles in stool samples taken from patients with 
gastroenteritis have aroused speculation that coronavirus is a major cause of 
human diarrheal illness. 

The human enteric coronaviruses are between 80 and 160nm in diameter 
with distinctive 20nm club shaped projections extending across the surface of the 
particle. They have not yet been isolated in cell cultures. 
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