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The electron microscope (EM) technique of negative staining has become 
an increasingly useful tool in the viral diagnostic field not only for 
reaching a primary diagnosis but also for corroborating the findings pro
duced by more recent techniques. In carrying out negative staining attent
ion to detail is important and this is discussed. The areas where negative 
staining can be most meaningfully employed are considered and three are 
delineated. These are, one, where no test based on serology exists, two, 
where the specimen has an unknown aetiology, and finally, in order to estab
lish a diagnosis with problem specimens. Examples of each of these cate
goriesare given and illustrations provided. 

Viral diagnosis is a rapidly advancing area within the general field 
of microbiology and, like many situations where there is rapid progress, 
uneven development can occur. One laboratory will be using the time hon
oured techniques of complement fixation and haemagglutination while their 

neighbours down the road are employing enzyme linked immunosorbent assays 
(ELISA) and DNA probes. Within this framework there is a need for refer

ence techniques that will give reproducible results and which will act as 
a yardstick for both established and modern methods. The electron micro

scope (EM) technique of negative staining which appeared as a method of 

rapid virus diagnosis in the early 19605, remains as one of the best of 

these techniques as it can be used to establish a definitive result in its 
own right and also to corroborate the results obtained by other methods. 

As will be discussed later, consideration of technical detail is all 

important in carrying out virus diagnosis by the negative staining method 
and a broad outline of the method is given here (Almeida, 1980). 

Clinical Specimen 

Almost any type of clinical material will yield a preparation that can 

be examined by the EM although some will be easier to handle than others. 
Basically, it is necessary to produce a suspension of virus-containing 

fluid that can be mixed with negative stain. The suspension should contain 
no inorganic material such as sodium chloride that will dry out to give 

M. S. McNulty et al. (eds.), Recent Advances in Virus Diagnosis
© ECSC, EEC, EAEC, Brussels-Luxembourg 1984



48 

crystals and should contain as little low molecular weight protein as pos
sible as this overlays and obscures particles of interest. If the speci
men is fluid or semi-solid this can be achieved very simply by making a 
10% suspension of specimen in either phosphate buffered saline (PBS) or 
distilled water and centrifuging at a speed that will precipitate at least 
some of the virus but will leave low molecular weight material in the 

supernatant. Diarrhoeal faeces belong in this group and the procedure 

used in our laboratory is as follows. Approximately 0.1 ml of faecal mat
erial is diluted to 1 ml with distilled water in a screw-capped clinical 

centrifuge tube. This is mixed using a rotary-type mixer and allowed to 
stand in a rack so that heavy debris settles out. 500 pI of supernatant is 

then transferred to another tube and centrifuged for one hour at 15,000 g, 
the supernatant is discarded and the tube thoroughly drained by putting it 

into a beaker with the open end down. However, while 500 pI of faecal sus
pension is usually available, other types of specimen may have much less 
material for examination. In these instances as little as SO ~l can be 
used although for ease of handling this can be diluted tenfold with PBS 
for centrifugation. Solid tissue is prepared for EM by once again making 
a 10% suspension, this time using a suitable homogeniser such as one of the 
Tenbroek type. Fluid specimens such as serum, urine, or tissue culture 
supernatant need only be centrifuged for the hour at 15,000 g although if 

there is high level of protein, as in serum, the specimen should be diluted 
1/10 in distilled water before centrifugation to give a cleaner specimen. 
Usually more than one specimen will be examined at a time and the beaker 
containing inverted tubes is used to transport the specimens to the EM 

laboratory if it is separate from the main virus laboratory. 

The point about draining tubes after centrifugation is the one mentionr 
ed earlier about getting rid of both inorganic salts and low molecular 

weight material. It should also be remarked that the relatively low speed 
used for centrifugation is an attempt to strike a balance between virus 

recovery on the one hand and avoidance of too much contaminating low mol
ecular weight protein on the other. 

The pellet obtained from this preparatory operation is now ready for 
negative staining. 

Grids 
Electron microscope grids come in a range of mesh sizes and forms for 
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different specialist purposes. Since negative staining yields specimens 

that contain a wide range of three dimensional structures, they put con
siderable stress on the substrate and therefore only small mesh grids with 
a stable supporting film should be used. 400 mesh copper grids with a 
carbon-formvar film are most widely employed. 

Negative Stain 

Although a wide range of negative stains exist the original phospho
tungstic acid rewAL~ a widely used reagent (Haschemeyer and Myers, 1972). 

For ordinary purposes it is used as a 3% or 4% solution in triple distilled 
water adjusted to pH6 with IN KOH. However it should be remembered that 
some viruses, particularly rhinoviruses and foot and mouth disease virus, 

are pH labile and require stain adjusted to pHS. 

Method of preparing grid 
The specimen tube, which till now has remained inverted, is examined 

for the presence of any residual fluid. This can be removed with a strip 

of filter paper, remembering however, that the fluid could contain infect
ious virus. The tube is then turned right way up and approximately 50 ).11 
of distilled water added by a Pasteur pipette. The same pipette is then 
used to resuspend the pellet which in some specimens, for example faeces, 

will be large, while in others, such as tissue culture supernatants, may 
not even be visible. A small aliquot of this suspension is placed on a 
microscope slide and adjusted to a suitable dilution with more distilled 

water. In the case of the specimen which did not yield a visible pellet 
no further dilution is made while the thick faecal suspension has more dis

tilled water added until the suspension is only just opalescent. An equal 
quantity of 4% phosphotunstic acid (PTA) is added to the final dilution 
and, after mixing, a drop is placed on a prepared grid. Excess fluid is 
withdrawn with filter paper and the grid is left to dry for a few minutes 

at which time it is ready for examination in the microscope. 

This procedure has the advantage that the centrifugation step both 
concentrates the virus and at the same time allows low molecular weight 
material to be discarded. However, if there is a particular need to pro

vide a very rapid result it is possible to carry out an 'on the grid' 

method that can be accomplished in a matter of minutes. The specimen must 
be fluid or semi-fluid, eg tissue culture suspension, allantoic fluid, or 



50 

faeces, if not, a hamogenised suspension must be made. A drop of specimen 
is diluted on the slide with distilled water until the suspension is only 
just turbid. A drop of this mixture is then placed on a forceps-held grid 
and, after allowing a few seconds for adsorption, excess fluid is withdrawn 
and the grid is washed by gently dropping distilled water onto it. Distil
led water is then replaced with 2% PTA and final excess fluid withdrawn 
with filter paper. The grid is allowed to dry and is ready for examination 
in the microscope. This method takes only a few minutes to carry out but 
relies on initial virus titre and, because low molecular weight material 
is able to attach to the carbon-formvar, it gives a less clear picture. In 
spite of this, it is a method that can be useful for the examination of 
several specimen types, particularly vesicle fluid and faeces, and gives 
results only a little less sensitive than the centrifugation method. 

If the 'on the grid' method is a little less sensitive than the stand
ard centrifugation method then immune electron microscopy ClEMO is rather 
more sensitive. The principle of this method is that, in the presence of 
antiserum, virus is clumped into immune aggregates. These complexes are 
more efficiently recovered from the centrifugation step and are also more 
readily visualised in the EM. Together, these factors mean that the speci
men can be screened at a lower magnification than when there are only in
dividual particles, in turn this means that there is a better sampling 
effect with subsequent improvement in sensitivity. In practice IEM has 
been the first method to characterise several viruses of importance 
CKapikian et al., 1972; Feinstone et al., 1973). 

IEM is carried out in exactly the same manner as for standard negative 
staining except that the original virus-containing specimen suspension is 
allowed to react with a suitable amount of antiserum. The antiserum em
ployed can be of two types, first, a specific antiserum raised for the 
purpose when the virus of interest is known. An example of this category 
would be rotavirus for which good antisera are available and where epidem
iological studies are of importance. Secondly, when the virus is un
characterised, a recovery serum from either the same animal or a member of 
the same flock or herd can be used. A variant of this approach is the use 
of 'old cow' serum on the basis that a mature animal will have been ex
posed to most of the circulating pathogens and is likely to have anti
bodies to them. Whichever serum type is employed it is necessary to add 
it to the virus suspension at a level to give good complex formation. 
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Usually, the suitable range for a serum is wide, and often all that is re
quired with an lIDknown serum is to use it at a 1/10 and a 1/100 dilution 
on the first occasion of use. A suitable dilution, that may be intermed

iate between 1/10 and 1/100 or occasionally an even greater dilution can 
then be established. Many sera are satisfactory at 1/50 which will give 
complex formation with both high and low titre virus preparations. Virus 
suspension and antiserum are left to react for two hours at room temper
ature or overnight at 4°C. After this step the mixture is treated exactly 
as for the simple virus suspension. In a situation of urgency the virus 

antibody mixture can be incubated at 37°C for 30 rnins before centrifugation. 

Interpretation 
Negative staining is an efficient means of virus diagnosis because of 

two facts. The first i~ that viruses, for the most part, have an unmis
takable appearance, with the best, but not all displaying distinctive geo
metric subunits. The second is that, because the stain of negative stain
ing is applied around the particle, there is build up of electron dense 

material surrounding the virus more than around cell debris. This means 
that virus is highlighted by a dark surrounding halo while other structures 
show less contrast and appear in shades of grey (Fig. 1). These two facts 
are themselves related as the build up of stain around the particles is 
due to the virus having a more three dimensional form than the surrounding 

cell fragments. However, in spite of this, difficulties still arise with 
some of the membrane bound viruses when identification relies on surface 
projections. Coronaviruses in particular are difficult as some cell com

ponents for example, mitichondria, also have surface projections. However, 
if technically good specimens are produced this should not be a serious 
problem as each type of projection is distinctive, and form can be used to 
distinguish viral from cellular components (Almeida, 1983). 

Sensitivity 

A recent study, to be reported elsewhere, of several hundred faecal 
samples examined by both Elisa and EM has shown that if both tests'are 

carried out optimally then they have an equal sensitivity. However, it is 

obvious that sensitivity is not an isolated factor but is related to speci
men type and virus type. The detection of a beautifully geometric adeno
virus in a thin diarrhoeal suspension is an easy task while a non-
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distinctive arbovirus in a spleen homogenate will be much more difficult. 

The pertinent factor can be described as the ratio of signal to noise and 

this will influence tests other than electron microscopy, so that it pro
bably remains correct that EM and more particularly IEM has a sensitivity 

similar to that of the enzyme conjugated assays but rather less than that 
of radioimmunoassay. 

----------------------------~--------,------~~ 

Fig. 1 A group of rotavirus particles present in a faecal specimen. 
Although there is considerable debris surrounding the virus they stand 
out because of the dense rim of negative stain and their own geo
metric construction. Mag. X180,000. 

In absolute terms, the EM is capable of detecting virus at a level 
somewhere between lOS and 106 particles per rnl of starting material. How

ever, in some instances, better sensitivity will be obtained as the micro
scope is capable of recognising viral components as well as complete virus. 
An illustration of this is shown further on~ig. 4b). Another method of in

creasing the sensitivity of the EM is to use it as a secondary technique, 
using a primary growth in tissue culture with subsequent examination of the 

in-vitro grown material. Although not as rapid as direct examination, this 

approach can nevertheless save much time, as a diagnosis of virus type, at 
least, can frequently be made after an overnight growth step followed by EM 
examination on the next morning. 
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False Negatives 

Any technique not based on the rescue of live virus must theoretically 

give rise to false negatives as the numbers of particles necessary for any 

serological or observational method will be greater than that needed for 

virus growth. In addition to these general considerations there is also 

the question of variation between laboratories. In a study of faecal 

specimens it was found that while one EM laboratory made 8 out of 22 speci

mens positive another group found only three positives among the same 

specimens. This finding is not surprising as poor EM results are encount

ered all too frequently. In almost every case they are caused by inap

propriate preparatory technique. This will be discussed in the technical 

problems section. 

False Positives 

Unlike techniques based on the mass serological action of virus, the 

EM makes its finding by direct visualisation of individual virus particles. 

This means that false positive results should theoretically never occur. 

Unfortunately they do, but they are mediated by contamination rather 

than a spurious cross reaction. The commonest means of contaminating an 

EM specimen is by the forceps used to hold the grid. Small amounts of 

fluid run onto the legs of the forceps, dry out, and are later resuspended 

by a subsequent specimen. The best means of ridding the forceps of virus 

is by flaming, a method which does not prolong the life of the forceps but 

is the only technique that can be trusted. 

Technical Problems 

Many false llegatives occur because the specimen has been centrifuged 

for too long at too high a g force. A recent publication which will not 

be quoted, compared Elisa with EM and found electron microscopy a very poor 

second. However, all specimens for EM had been centrifuged for 2 hours at 

100,000 g. After such treatment any virus which had not been permanently 

impacted into the tube wall would be buried beneath a carpet of the low 

molecular weight material which is brought down at this speed. To illus

trate how little centrifugation is needed to produce an acceptable speci

men a rotavirus IEM preparation was prepared by centrifuging it in a 

bench centrifuge and the pellet used for negative staining. The force em

ployed was approximately 2000 g yet this was sufficient to yield a 
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positive result with both aggregated and single particles present (Fig. 2). 

Fig. 2 Virus can be recovered from specimens even when centrifuged 
at very low g force. This specimen was spun at only 2000 g and 
although background debris is present the rotavirus has been clearly 
resolved. Mag. X180, ' 00. 

The second crucial preparation point is the amount of material in the 

distilled water suspension of the virus containing pellet. A common fault 

of the beginner is to make this suspension too thick, the fear being that 

if it is almost clear there cannot possibly be enough virus for visual

isation. It is worth remembering that, unless the specimen contains more 

than 1012 particles/ml the actual virus will not contribute to the overall 

opacity of the specimen. What is being seen is the background material 

that, if present in too high concentration, will obscure any virus present. 

It is therefore important to produce a specimen where even the smallest 

virus (Fig. 3) can be seen against a relatively clear background, and this 

can only be done when the starting suspension is no more than slightly 
opalescent. 

Disadvantages of Negative Staining 

There are two major drawbacks to using the EM for virus diagnosis. 

First the initial outlay for an electron microscope, and second the fact 

that it is a work intensive technique calling for a certain degree of ex
pertise. In spite of the high cost of the equipment most virology 



laboratories now have, or have access to, an EM so this problem does not 

seem to be unsurmountable. The second problem can best be dealt with by 
ensuring that the EM is used only for those categories of specimen which 
cannot be tested more efficiently by other techniques, and this will be 

discussed in the next section. 

Fig. 3 This micrograph shows the satellite virus of infectious 
bursal disease and although it is only 18 nm in diameter both it 
and the attached antibody can be well resolved when low molecular 
weight material is excluded. Mag. X180,OOO. 

Application of Negative Staining 
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If one considers the recent past it can be seen that the EM was fre
quently the first technique by which a virus or antigen was first detected. 
For example, the particulate nature of hepatitis B antigen was recognised 

in negatively stained specimens of serum (Bayer et al., 1968), and the 
existance of a new virus group, the Rotaviridae was established by EM 

(Flewett et al., 1974). In both these instances, for the period immediate

ly following their discovery, the EM was the only available means of de
tection. However, within a short space of time immunoassays were developed 

for the detection of both HBAg and rotavirus (Lander et al., 1971; 
Kapikian et al., 1974). It would now be ridiculous to consider screening 
routine blood donations for the presence of hepatitis B antigen by EM and, 

similarly, an epidemiological survey of faecal samples for rotavirus would 

be a very wasteful use of an electron microscope. Straightforward radio

immunoassays and Elisa assays can be carried out on large numbers of both 
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specimen types with a mininrum of work input related to results of high sen
sitivity and specificity. However, the situation reverses if, instead of a 
large number of specimens, one individual specimen or a small number of 

specimens, have to be tested accurately and quickly. For example, if one 
calf scours in an otherwise clean herd, it is important to establish quickly 

whether virus or bacteria are implicated. A quick EM examination will es
tablish not only if rotavirus is present but whether any other recognisable 
viral agent is present. The point here is that, while an inmrunoassay must 
be directed to a specific virus the EM scans for virus in general rather 

than one virus in particular. 
This ability to recognise any virus that is present rather than the 

one that is being detected by an inmrunoassay leads to the second group of 
specimens suitable for EM. These are those with no known aetiological 
agent. Immunoassays are not suitable for this group and the only alter
native to direct visualisation is by isolation on tissue culture which can 

be a long, tedious, and not always successful undertaking. Two examples 
of this type of specimen are illustrated here. Fig. 4a shows the morpho
logical appearance of a virus that was present in the lungs of marmosets 

dying from a respiratory disease that had affected the colony. Full diag
nosis actually took two steps. A rapid EM examination showed a virus be
longing to the paramyxoviridae family and inmrunofluorescence identified it 
as a parainfluenza I virus (Gardner, this volume). The marmoset lung 

specimen also illustrates the ability of the EM to identify viral compon

ents as well as whole virus. Fig. 4b shows a large quantity of helical 
internal component (RNP) that is diagnostic of paramyxoviridae and which 
would have been recognised even if present in much lower amount. 

A second example of this type of 'one off' situation is illustrated by 

the finding of an adenovirus in guinea pig lung (Fig. 5). Once again as 

for the marmosets, the guinea pig colony had developed an outbreak of res
piratory disease that could not be shown to have a bacterial origin. Direct 

examination of lung homogenate revealed the presence of large numbers of 

adenovirus particles and later tests by IEM showed that affected animals 

had seroconverted to this virus. Together, these findings established that 
the adenovirus was the cause of the problem. 

The third category that is well dealt with by EM is the problem speci

men. There are many reasons why a specimen can become a problem but among 

the more obvious are the following. A specimen gives a negative result 



Fig. 4a The EM is an important diagnostic tool for specimens with 
no known aetiological agent. This figure shows a parainfluenza 
virus that was detected by direct visualisation in the lungs of 
mannosets with respiratory disease. Mag. X180,OOO. 
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Fig. 4b One of th~ strengths of the EM is that it can detect viral 
components as well as complete virus. This micrograph is from the 
same specimen as is shown in Fig. 4a and illustrates the large amount 
of RNP that was present. Mag. X180,OOO. 

when all the field data suggests that it should be positive. A specimen 

reads positive in one laboratory and negative in another. A variant of 
this is when a specimen is positive by one type of test and negative by 
another. Whatever the reason, the EM, because it provides photographic 
evidence to back up its findings, is frequently able to establish a diag
nosis in the face of conflicting findings. For example, the accompanying 

micrograph (Fig. 6) is from a sample that was positive in one ELISA test 
for rotavirus but not in another. As can be seen, a virus was present but 
it is an adenovirus and one must presume that in the case of the test giv
ing a positive rotavirus result the antiserum employed contained antibody 
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to adenovirus as well as rotavirus. 

Fig. 5 Guinea pigs with respiratory disease were shown by EM to 
have a high titre of adenovirus in lung homogenates. A typical field 
with easily recognisable adenovirus is shown here. Mag. X230,OOO. 

Fig. 6 A faecal specimen gave conflicting results with two ELISA 
tests for rotavirus. EM showed that the specimen actually contained 
adenovirus. Mag. X220,OOO. 

The Future 

Since the sensitivity of the EM using the negative staining technique 

still equals that of current immunoassay methods, the present technology 

will be capable of providing meaningful results at least for the near fut

ure. On a longer term basis one could look for improvements in specimen 

preparation resulting in an improvement in the recovery of virus in re

lationship to the amount of background material. Although not yet com
pletely satisfactory there are a number of methods for using the microscope 
grid as a solid phase and employing a layer of capture antibody (Goldwater 

et al., 1979). This technique is known as solid phase immune electron 
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microscopy (SPIEM) and developments along this line could lead to improve
ments both in preparation time and sensitivity (Obert et al., 1981). It 
could well be that SPIEM in tandem with the use of monoclonal antibodies 
could lead to a technology where only virus is able to adsorb to the speci
men grid. However, until such improvements have occurred the present day 
EM technique of negative staining with its extension into IEM will yield 
many useful diagnostic results and resolve some otherwise sticky problems. 
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