
Introduction

The introduction of the first functioning prototy-
pe of an electron microscope in the 1930s, and its sub-
sequent development, was a milestone for basic and
clinical virology. Particularly with regard to diagnostic
virology, the use of electron microscopy (EM), initial-
ly limited to rapid diagnosis of the smallpox virus, was
extended to «routine» diagnostics in the 1960s, thanks
to the introduction of techniques such as negative
staining (1-3). Initially used to identify cytopathoge-
nic agents from cell cultures, EM has become even
more widely used since its direct application to clini-

cal samples (1, 4). With the implementation of auto-
matic immunoenzymatic methods and, above all, the
development of advanced molecular techniques, parti-
cularly those based on nucleic acid amplification, the
use of EM has significantly decreased (5-7). Many
factors have contributed to the marked reduction in
EM application to viral diagnosis: its cost and, moreo-
ver, its relatively low sensitivity render it not suitable
for the screening of a large number of clinical samples.

The present study was carried out on stool speci-
mens at the Virology Unit of the Section of Micro-
biology (Department of Pathology and Laboratory
Medicine, University of Parma, Italy), a comprehensi-
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ve centre, offering a combination of different diagno-
stic tools (EM, cell culture, fluorescence microscopy,
nucleic acid amplification methods, antigen and anti-
viral antibody detection in serum). Its aim was chiefly
to underscore the advantages of EM application to the
diagnosis of enteric viral infections.

Methods

Virological investigations carried out at the Viro-
logy Unit (Section of Microbiology Department of
Pathology and Laboratory Medicine, University of
Parma, Italy) involved 3490 stool samples, analyzed
over a 5-year period, from January 1999 to January
2004.

After the stool sample arrived at the Virology la-
boratory, a faecal suspension was obtained by diluting
specimens to 10% weight/volume in PBS (phosphate
buffered saline); the faecal extract was thoroughly
emulsified, then centrifuged at low speed (2500 g up
to 20 minutes), in order to remove large debris and
bacteria. Then the clarified faecal suspension was con-
centrated by adding polyacrylamide absorbent gel
(0.02 gr/550 ml) for about 20 minutes, and subse-
quently used to prepare a standard drop to be put in
contact with a 400-mesh, carbon-reiforced, plastic
(formvar)-coated grid. After negative staining using
an aqueous solution of phosphotungstic acid (2%, pH
6.4), sample examination was performed using a tran-
smission electron microscope (EM 208S Philips) with
a 44,000x magnification. Faecal extracts were simulta-

neously inoculated into a wide range of cell lines and
observed daily under an inverted optical microscope,
in order to evidence cytopathogenic agents (conven-
tional cell culture, CC). Positive cell extracts (324) we-
re subjected to EM after ultracentrifugation and nega-
tive staining, for final identification steps.

Results

EM and conventional cell culture are routinarily
employed in our laboratory for the diagnosis of ente-
ric viral infections. Specifically, EM is used as a rapid
method directly on stool samples (which are, in paral-
lel, cultured), as well as on ultracentrifuged cell ex-
tracts, which evidenced one or more cytopathogenic
agents.

In this study, carried out on 3490 stool specimens
analyzed over a five-year period (1999-2004), we eva-
luated the efficacy of EM in revealing the presence of
viral particles, also comparing it to conventional cell
culture.

Eight hundred ninety-one (25.5%) of the 3490
studied stool samples were positive for enteric viruses.
Positivity for one or more viral agents was determined
only by EM in 567 samples (16.2%) and only by CC
in 230 samples (6.6%). In 94 samples (2.7%), both
methods were able to determine positivity (Table 1).
These results clearly outline that EM is the most
performant method in evidencing the presence of en-
teric viruses in stool samples, as summarized in figure
1 (63.6% of the total positive samples, compared to

Table 1. Number and annual distribution of total and positive samples, whose positivity was assessed by the application of electron
microscopy (EM) and conventional culture (CC) on stool samples analyzed at the Virology Unit (Section of Microbiology, Univer-
sity of Parma), from January 1999 to January 2004

Year Total Positive samples Positive EM* Positive CC** Positive [EM + CC]***
samples N. % N. % N. % N. %

1999 582 139 23.9 86 14.8 48 8.2 5 0.9
2000 706 174 24.6 90 12.7 50 7.1 34 4.8
2001 743 222 29.9 142 19.1 59 7.9 21 2.8
2002 687 160 23.3 106 15.4 38 5.5 16 2.3
2003 689 165 23.9 115 16.7 34 4.9 16 2.3
2004§ 83 31 37.3 28 33.7 1 1.2 2 2.4
Total 3490 891 25.5 567 16.2 230 6.6 94 2.7

*: Samples whose positivity was assessed only by EM; **: Samples whose positivity was assessed only by CC; ***: Samples whose po-
sitivity was assessed by EM and CC; §: Only January 2004 has been included in this study

arcangeletti:arcangeletti  1-02-2012  12:07  Pagina 166



167Electron microscopy and viral diagnosis

25.8% by CC). Indeed, EM allowed us to reveal seve-
ral cultivable and non-cultivable viral agents, such as
rotavirus, adenovirus, picornavirus and calicivirus
(Fig. 2).

Specifically, direct electron microscope examina-
tion of faecal extracts was very advantageous in detec-
ting, within a few hours after sample arrival, the pre-
sence of those viral agents particularly difficult to cul-
tivate (e.g. rotavirus), that would escape identification
under parallel CC examination (Table 2, EM). As it
can be noted from table 2, rotavirus corresponds to the
viral genus most frequently detected in stool (95.6%),
as it was expected, taken into account that it represents
one of the major cause of paediatric enteric viral in-
fections (8-15).

EM was also useful to evidence the simultaneous
presence of two viruses from different families/genera,
such as rotavirus and calicivirus (Table 2, EM, 2004).
Particularly concerning caliciviruses (then identified
as belonging to norovirus genus by molecular
methods; see table 2, 2001, 2002, 2004), it is no-
teworthy that they have “attracted attention” progres-
sively during the last years, being now considered as a
relevant cause of outbreaks of gastroenteritis in hu-
mans (5, 16), and also potentially involved in nosoco-
mial infections (16-21). The presence of identifiable
viral particles in sufficient number to be seen under
the electron microscope suggests that, most likely, a si-
gnificant virus replication has occurred, thus signaling,
albeit preliminarly, a possible epidemic wave and al-

lows us to finally identify the viral agent by the appro-
priate techniques.

On the other hand, the use of conventional cul-
turing (and the subsequent identification of the cyto-
pathogenic agent by means of EM), enabled us to re-
veal the presence of cultivable adenoviruses, often
missed under direct electron microscope observation
(Table 2: 64.3% adenovirus by CC, vs 2.9% by EM),
probably due to a too low concentration in the stool
specimen. The parallel use of the conventional culture
method also allowed us to confirm the presence of vi-
ruses such as picornaviruses, that might have escaped
detection from EM observation of faecal extracts,
both because of their poor structural definition and/or
a too low concentration in the sample (Table 2: 33.5%
picornavirus by CC, vs 0.2% by EM).

Finally, the combined use of EM directly on stool
samples and parallel cell culturing (Table 2, EM+CC)
allowed us to detect Reoviridae viral strains, most
likely belonging to the cultivable Orthoreovirus
(rather than Rotavirus) genus (1.1%); furthermore, it
evidenced the presence of dual gut infections, such as
those from rotavirus and adenovirus (18.1%), or rota-
virus and picornavirus (6.4%).

Discussion and conclusions

Although EM is not always the method of choi-
ce to diagnose viral infections, it has proven to be very

Figure 1.
The highest percentage of positive samples obtained by using electron microscopy (EM) directly on faecal extracts (“Positive EM”)
demonstrates that EM is the most efficient method (vs conventional culture, CC) in revealing viral agents in stool samples analy-
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effective in case of enteric viral infections (22-24). As
it clearly appears from this study and is generally
agreed, EM offers undoubted advantages linked to the
possibility of an easy and very rapid examination of
clinical samples and to the direct visualization of viral
particles, also allowing us to evidence the concomitant
presence of two or more, possibly unexpected, viral
agents.

Nevertheless, as already mentioned in the intro-
ductive section, the inherent economical limitations

and the need for high particle concentration in the
sample, as well as the introduction of performant mo-
lecular methods, often prevent - or at least strongly re-
duce - the use of EM as a diagnostic tool.

Indeed, up to date many methodologies are avai-
lable to detect viruses in clinical specimens, which ge-
nerally differ in their objectives and principles, indica-
ting the extent to which the choice between one and
the other can be at times a matter of opinion and com-
parison of results and quite hard to make. In fact, very

Figure 2. Electron micrographs of enteric viruses after negative staining: A. Caliciviridae (Norovirus); B. Rotavirus; C. Picornaviri-
dae (Enterovirus); D. Adenovirus. Bar = 50 nm

A) B)

C) D)
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often different methods provide complementary
rather than “overlapping” information for a com-
prehensive laboratory diagnosis.

Molecular methods, in particular, are undoub-
tedly characterized by a greater sensitivity in eviden-
cing the presence of a virus through detection of spe-
cific nucleotidic sequences, if compared to EM (1, 5).
This latter, however, due to its undirected “open view”,
is really performant in picking up also new viral parti-
cles, as it doesn’t need the programmed use of specific
probes. Furthermore, a morphological diagnosis, whi-
ch uncovers the involved viral family (like that perfor-
med through EM), often fulfills the physician’s imme-
diate needs and can be precious for first emergency
measures, until a more precise diagnosis is achieved
(25-28).

Thus, the rationalized use of EM on selected
samples, i.e. stool specimens, can be advantageous in
epidemiological or clinical conditions when very rapid
diagnosis is required to save time and avoid complex
diagnostic efforts, such as in cases of suspected emer-
ging viral infections and/or when alternative standard
diagnostic tools (e.g. cell culture) fail to produce sati-
sfactory results.
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