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INTRODUCTION

Automated diagnostic plants and nucleic ac-
id-based detection (NAD) assays have taken 
over a wide sector in medicine and veterinary 
medicine. Agent-specific antigens, antibodies 
or parts of the agent’s genome are detected as 
indicative of the specific infection: molecular 
techniques excel by high throughput, the ease 
of standardization and documentation and 
a hitherto unknown high sensitivity - advan-
tages that helped to drive out diagnostic elec-
tron microscopy (DEM) from a number of its 
previous domains in clinical histopathology 
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Diagnostic electron microscopy (DEM) has conceptual predecessors – the application of the sense of vision and of 
light microscopy in medicine. The evolvement of DEM and the role of its two branches - histopathology and rapid 
negative-contrast DEM - are described in this review, with a focus on the latter. By its resolving power of 2 nm in 
praxi, DEM is able to visualize all kinds of pathogens, bacteria, parasites, even the smallest viruses. In contrast to 
other laboratory diagnostic methods, DEM excels by speed and “open view”. All structures on the support grid can 
be assigned directly by “pattern recognition” of their fine structure to a specific family of agents. The morpholo-
gy-based “catch-all” diagnosis can be decisive as a differential diagnosis and will help as a preliminary diagnosis to 
select and apply proper diagnostic tools for typing of the observed agent. Based on two case reports, the advantages 
and possible pitfalls of DEM are exemplified and hints are given to make DEM reliable and effective. Finally the 
role of DEM in medicine and the wider fields of life sciences are described together with the organizational condi-
tions to guarantee its future in laboratory diagnostics.
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and virology. In the 1980s, DEM was widely 
used in particular in virology, pathology and 
medical laboratory services but today, the 
high equipment costs for DEM and the need 
to maintain an experienced staff are hamper-
ing its timely renewal. When senior scientists 
in DEM retire, the respective laboratories are 
often closed down when there is no trained in-
house successor available (de Haro and Fur-
ness, 2013). Moreover some decision-makers 
tend to cultivate the opinion of DEM being a 
subjective and demanding, i.e. a “fossil” meth-
od that would be better replaced by objec-
tive, automatable techniques. Considering the 
sound achievements in molecular diagnostics 
and today’s cost restraints, we feel the need to 
discuss anew the role and potential of DEM 
in microbiology, in virology in particular. We 
will do this on the background of the historic 
development and describing two paradigmatic 
diagnostic cases we will outline a few essential 
properties of DEM. 
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There is no doubt, that DEM appears to be in 
retreat. Visualization, however, the principle of 
DEM, is unique by speed, “open view” and cer-
tainty. We will point out that DEM is an indis-
pensable tool in infectious disease emergencies 
and wherever there is a need for rapid high res-
olution visualization, e.g., in process control of 
biopreparations, 

PRINCIPLES AND ORIGIN OF DEM

Despite much progress in automated imaging 
techniques, “the naked eye”, the sense of vision, 
is still widely used in medicine, e.g., as a prima 

vista diagnosis taking into account the gener-
al appearance of a patient and searching for 
pathognomonic skin lesions in a case of a fe-
brile rush disease. From the ancient times of 
the Etruscans, Greeks and Romans, visual per-
ception was used to judge the quality of urine 
and feces in order to recognize the underlying 
disease (Figure 1). The “naked eye” inspection 
became less important when chemistry and 
light microscopy were introduced - together 
they allowed diagnosis and differentiation, e.g., 
renal infections in an objective way by detect-
ing both protein and bacterial contamination 
in the urine. Light microscopy raised great ex-
pectations as Robert Hooke (1635-1703) stated 
in his preface to his Micrographia (1665): “by 
the help of the microscopes, there is nothing so 
small, as to escape our inquiry” and Antoni van 
Leeuwenhoek (1632-1723), using single lense 
microscopes attaining up to 270-fold magnifi-
cation, described bacteria for the first time (for 
a review see c.f.: Krüger et al., 2000). 
In the second half of the 19th century, man-
kind was still threatened not only by poverty, 
hunger and war, but also by deadly diseases. 
Diphtheria, tuberculosis, smallpox, plague and 
cholera caused endemic infections and/or ma-
jor outbreaks with high mortality. The cause of 
what we know today as infectious diseases was 
uncertain, e.g., tuberculosis was considered a 
hereditary or constitutional entity, while other 
diseases were considered non-particulate, vol-
atile miasmata. But, progress in science and 
technology were ripe to mount new approaches 
to elucidate the cause of contagious diseases, - 
an essential step before one could think about 
rational therapies.

Visualization and the Koch postulates
In his pioneering studies on the cause of an-
thrax (“Die Ätiologie der Milzbrandkrankheit”, 
1876) Robert Koch (1843-1910) combined three 
methods for the first time:
1) microscopy to describe the constant pres-

ence of a morphologically defined germ in 
infected tissues and in blood;

2) isolation of that germ using artificial cul-
tures;

3) the reproduction of the disease in an experi-
mentally infected animal.

Using artificial slide cultures, Koch also ob-

FIGURE 1 - “The physician” (“Der Arzt”, 1653) by 
Gerrit Dou (1613-1675) with permission of Kunsthi-
storisches Museum, Vienna. Until the late Middle Ages 
all five senses were used in medical assessment and 
attendance with the sense of vision dominating also in 
laboratory diagnostics, here in uroscopy.
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FIGURE 2 - The table shows the development of Bacil-
lus anthracis (Figs. 1-7; “Entwicklungsgeschichte von 
Milzbrandbazillen”, Koch, 1876; magnification = 650X) 
and consists of Koch’s hand drawings of his observa-
tions over the course of time. Figs. 8-11 represent diffe-
rent development stages of Bacillus subtilis, a mobile ba-
cillus as depicted by Ferdinand Cohn. The bacilli appear 
as translucent, glass-like rods - occasionally kinked; (a) 
white blood cells (b) red blood cells. Figure 1B. - Anthra-
cis visualized directly from the blood of an infected gui-
nea pig. Figure 2 - A mouse spleen isolate of B. anthracis 
3 hours after inoculation in aqueous humor of a rabbit’s 
eye. Later Koch used the eye fluids of cattle for artifi-
cial cultivation of B. anthracis. The rods of bacilli are 
growing to partly kinked or bended filaments. Figure 3 
- Same as Figure 2, after 10 hours’ incubation. Bacilli 
have grown to long filaments part of them running in 
intertwined bundles. (a) Individual filaments contain 
refractive granula - to become spores later - at defined 
distances. Figure 4 - Same as Figure 2 after 12 hours’ 
incubation: inside the filaments ovoid spores are seen 
at regular intervals; (b) some broken filaments and re-
leased spores showing a tendency for clumping. Figure 
5 - Germination of spores: (5a, Koch) individual spores 
are growing to a cylindrical bacillus, with the refractive 
parts of the spore still placed on one pole. The spore ma-
terial soon appears to shrink and disappear completely. 
(5b) Same specimen, but drawn by Ferdinand Cohn, 
the influential mentor of Robert Koch - using his higher 
resolving microscope. Figure 6 - A culture of B. anthra-
cis cultivated in a heated slide culture stage in humor 
aqueous. This way Koch tested the influence of tempera-
ture and of aerobic and anaerobic conditions on bacte-
rial growth and sporulation. In the upper right quadrant 
of the circular culture Koch observed the growth of deli-
cate, whitish masses of filaments. Figure 7 - Experimen-
tal infection of a frog inoculated subcutaneously with 
a homogenate of a B. anthracis-infected mouse spleen. 
(a-e) Different cells with intracellular bacteria as well as 
free bacteria (g) not related to B. anthracis. Figures 8-10 
- Different stages of Bacillus subtilis documented by Fer-
dinand Cohn using his higher resolving light microscope 
(magnification = 1650X).

served the growth of anthrax bacilli, the for-
mation of long filaments and of spores and 
documented his observations in detailed hand 
drawings (Figure 2). Feeling the need for a 
more precise and objective documentation and 
knowing about the potential of photography 
from his own experience, he soon adopted pho-
tomicroscopy (Koch, 1877). He used advanced 
equipment and methods, e.g., Abbe’s condenser 
illumination and homogeneous oil immersion 
lenses allowing the highest numerical apertures 
and useful magnifications up to 1.000-fold as 
soon as they became available from the Carl 

Zeiss company (Figure 3). By his studies on tu-
berculosis in 1882, within a period of only eight 
months, Koch provided evidence that:
1) in every affected organ the same bacillus 

was present as judged by light microscopy;
2) the same type of bacillus was constantly iso-

lated in pure culture;
3) after inoculation into guinea pigs the isolate 

induced tuberculosis (Koch, 1882).
The fulfilment of the three conditions, later 
defined as the three postulates (Loeffler, 1884) 
- also termed Koch-Henle postulates as dis-
cussed by Brock (1988), - proved that tubercu-
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losis was indeed caused by the difficult to stain 
bacillus and served as the blueprint for the de-
tection of further bacterial pathogens (for a re-

view see c.f.: Brock, 1988). The achievements 
of bacteriology created great optimism that the 
burden of life-threatening infections could be-
come eradicated in the near future. However, 
the era of bacteriology ended already in 1898 
when Loeffler and Frosch described the cause 
of foot-and-mouth-disease (FMD) as an infec-
tious, though invisible agent. Highly diluted 
samples of FMD vesicle fluids turned out to be 
infectious in consecutive animal transfer ex-
periments, pointing to an infectious cause and 
ruling out the possibility of a soluble venom or 
toxin. Infectivity, however, was not held back 
by bacterial-tight filters, not sedimented by 
routine centrifugation and remained undetect-
ed even by advanced light microscopy: i.e. the 
FMD agent was much smaller than bacteria. 
Loeffler and Frosch postulated that other med-
ical conditions like smallpox, cowpox, typhus, 
Rinderpest etc., might also be caused by similar 
minute organisms (Loeffler and Frosch, 1898). 
As FMD was conceptually similar to tobacco 
mosaic virus (TMV; Beijerinck, 1898; Ivanovs-
ki, 1892; Mayer, 1886) these and other hitherto 
negatively defined germs were summarized un-
der the term virus.

DEVELOPMENT OF ELECTRON 
MICROSCOPY (EM)

To visualize viruses an entirely new type of 
microscope was required. Early in the 1930s 
accelerated electrons were shown to have a 
10,000-fold shorter wavelength than that of 
visible light, and they could be focussed us-
ing electro-static or - magnetic lenses. In 1931, 
Ernst Ruska (1906-1988), the 1986 Nobel prize 
winner in Physics, built the first two-step mag-
nifying transmission EM and recorded the first 
electron micrographs, i.e. a 16-fold enlarged 
metal grid (Knoll and Ruska E., 1932). Already 
in 1932, 12,000 - fold magnification was at-
tained using lenses of a very short focal length 
that had been developed in close collaboration 
with Bodo von Borries (1905-1965) thus clear-
ly surpassing the resolution attainable in light 
microscopy (Ruska E., 1934; for review see 
Haguenau et al., 2003; Ruska E., 1980). 
The further development of the new instru-
ment was delayed for several years due to the 

FIGURE 3 - (a) Photomicroscopy of B. anthracis by 
Robert Koch showing bacilli forming long, parallel 
running chains. (b) DEM of B. anthracis. Negative 
staining with 0.5 % uranyl-acetate (UAc) of a suspen-
sion prepared from a colony. Most of the cells are still 
in continuity, no fimbriae detectable (negative-nr.: 
EM-10 # 67705). The grid bars of the copper support 
grid are blocking the electrons and form an open 30 x 
30 µm in square which is covered by a thin translucent 
Pioloform film and reinforced by carbon to bear the 
specimen.
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economic crisis after World War I, but finally 
due to a decisive intervention from medicine, 
it was continued. Helmut Ruska (1908-1973), 
the younger brother of Ernst Ruska and trained 
as a physician, motivated his clinical teacher 
Richard Siebeck to compile a professional as-
sessment of the novel instrument. By October 
2, 1936, Siebeck predicted “a direct practical 
significance for the physician”:
1) Deeper insights into the fine structure of the 

body would allow a better understanding of 
normal and pathological structure and func-
tion.

2) The etiology of virus diseases, from small-
pox, chickenpox, measles, mumps, influen-
za, Egyptian eye disease to foot-and-mouth 
disease could be clarified.

3) Also tumor virus research and phage studies 
would advance by the help of the electron 
microscope (Siebeck: in Ruska E., 1980). 

Based on Siebeck’s assessment and a favourable 
patent situation the Siemens & Halske compa-
ny in Berlin under the direction of von Borries 
and Ernst Ruska resumed the development of 
the new instrument and started its commercial 
production in 1937 (regarding the efforts of 
other groups see c.f.: Freundlich, 1963; Gelder-
blom and Krüger, 2014; Haguenau et al., 2003; 
Hawkes, 1985). 
By 1938 the first electron microscopic studies 
on bacteria and viruses were published: size 
and fine structure of smallpox, vaccinia virus 
and Ectromelia mouse pox (von Borries et al., 
1938a, b), plant viruses like tobacco mosaic vi-
rus (Kausche et al., 1939), and phages (Ruska H., 
1940) were characterized and bacteria, their in-
ner constituents and fimbriae visualized. At the 
Siemens “Laboratorium für Übermikroskopie” 
besides all kinds of microbes connective tissues 
and blood cells were also studied - it served also 
as a guest laboratory for many scientists from 
Europe (reviewed in: Gelderblom and Krüger, 
2014). 

ELECTRON MICROSCOPY  
AND VIRUS CLASSIFICATION

In the 1940s, the nature of viruses, their ways of 
propagation and pathogenicity had remained 
grossly unclear and hence virus classification 

followed conservative rules. Viruses were clas-
sified over decades phenomenologically, i.e. 
according to their hosts and the clinical symp-
toms they caused. For example, the “hepatitis” 
viruses comprised various agents belonging to 
different families - as we know today - differ-
ent in morphology, strategies of infection, and 
pathogenicity (for detailed information see c.f.: 
ICTV, 2011). In 1943, Helmut Ruska described 
the agents of chickenpox and zoster, i.e. two hu-
man herpesviruses, as morphologically identi-
cal, spherical particles 140-150 nm in diameter, 
often with a central body and structurally clear-
ly different from the much larger, brick-shaped 
pox viruses (Ruska H., 1943a). Aggregating all 
structural information available, he proposed a 
novel, science-based virus classification (Rus-
ka H., 1943b). Taking the size and shape of the 
agents as the decisive criteria, he established vi-
rus families, different from each other, but mor-
phologically uniform in themselves. Probably 
due to World War II, this pioneering approach 
was not seen outside Germany. A comparable 
virus classification – using then, however, virus 
morphology and nature of the viral nucleic acid 
- was established not earlier than 1962 (Almei-
da, 1963; Lwoff et al., 1962).

MILESTONES IN DIAGNOSTIC 
ELECTRON MICROSCOPY (DEM)

The potential of EM in the laboratory diagno-
sis of infectious diseases was shown first in 
the control of smallpox outbreaks (Nagler and 
Rake, 1948; Rake et al., 1948; van Rooyen and 
Scott, 1948). Its reliability and speed remain 
valid today (Goldsmith and Miller, 2009; Gold-
smith et al., 2013; Long et al., 1970; Madeley, 
2003; Miller, 2003; Hazelton and Gelderblom, 
2003). By December 9, 1979, WHO certified 
“that smallpox has been eradicated from the 
world” following global vaccination campaigns 
(for review see: Fenner et al., 1988). WHO took 
great care that variola virus stocks kept so far 
in many virus laboratories were destroyed or 
transferred into one of two high security WHO 
controlled Reference Centers: at the CDC, At-
lanta, USA, and at VECTOR in Koltsovo, Rus-
sia, respectively, but basically remnants from 
smallpox biowarfare programmes as well as 
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other high risk agents like Yersina pestis and 
Francisella tularensis (Lane et al., 2001; Morens 
et al., 2004), or live virus in an innocent, “forgot-
ten” deep freezer, even genetically engineered 
infectious molecular constructs could be used 
for a bio- or agro-terrorist attack (Brumfield, 
2003; Gewin, 2003; Lane et al., 2001; LeDuc and 
Jahrling, 2001). The probability of a bioweapon 
attack (Lane et al., 2001; Morens et al., 2004) 
appears low, but cannot be ruled out com-
pletely. Therefore public health offices need to 
maintain a high level of preparedness to count-
er bioterrorism, including measures for a rapid 
diagnosis of the agents. When applied proper-
ly, DEM turned out to be reliable (Long et al., 
1970; Peters et al., 1962; Reed et al., 2003). Also 
when in the two-year smallpox post-eradication 
period in 1980-81 more than 4000 dubious fe-
brile vesicular rashes were analyzed, DEM ex-
clusively revealed members of the herpesvirus 
family, thus ruling out smallpox (Fenner et al., 
1988).
Also more recently, DEM proved decidedly suc-
cessful, e.g., in the search for the SARS agent at 
the CDC (Ksiazek et al., 2003), the diagnosis of 
monkeypox virus infections in the USA (Reed et 
al., 2004) and of Hendra paramyxovirus infec-
tions in Australia (Murray et al., 1995; Hyatt et 
al., 2001). In 2001, it was also routinely applied 
in the laboratory diagnosis of anthrax after the 
intentional release of anthrax spores following 
the 9/11 terrorist attacks in the USA (person-
al communication Peter Jahrling, USAMRIID, 
2002; Jernigan et al., 2002). 

The role of EM in the evolving field 
of virology
EM and virology are furthering each other from 
their beginning in the 1930s to date (Krueger 
et al. 2000). Viruses, relatively simple orga-
nized agents, were the challenge to develop the 
high-resolution instrument while virology ben-
efitted by the description of new agents, insight 
into the virus-host relation and control of diag-
nostics and classification. By the early 1960s a 
new generation of easy to use EMs and reliable 
negative staining (NS) techniques were intro-
duced (Brenner and Horne, 1959; for techni-
cal information see c.f.: Biel and Gelderblom, 
1999a; Bozzola and Russel, 1999; DeCarlo and 
Harris, 2011; Field, 1982; Flewett, 1985; Hayat 

and Miller, 1980; Harris, 1997; Madeley and 
Field, 1988; Maunsbach and Afzelius, 1999). 
“New” agents, e.g., adeno-, entero-, myxo-, 
paramyxo-, and reoviruses were isolated in 
diagnostic cultures (Almeida, 1963; Tyrell and 
Almeida, 1967; for a review see c.f.: Goldsmith 
et al., 2013) and grouped as morphologically 
distinct agents. “Fastidious”, i.e. not cultiva-
ble agents were detected when “dirty” speci-
mens like plasma, urine and feces were studied 
(Almeida, 1983; for a review see c.f.: Madeley, 
1995): the viruses of hepatitis B and hepatitis A 
(Dane et al., 1970; Feinstone et al., 1973); rotavi-
ruses causing epidemic gastroenteritis (Bishop 
et al., 1973; Flewett et al., 1973); astro-, calici- 
and noroviruses linked with outbreaks of diar-
rhea and vomiting (Kapikian et al., 1972; Mad-
eley, 1979). EM became a favoured tool also 
in the fields of plant virology and phage clas-
sification (Ackermann and Prangishvily, 2012; 
Wright, 2005; ICTV, 2011). EM was applied to 
differentiate retroviruses (Bernhard, 1960; Gel-
derblom et al., 1974) and later to define HIV 
by its unique morphology as a lentivirus - the 
Lentivirinae forming a genus of the retrovirus 
family (Gelderblom and Pauli, 1986; Gelderb-
lom et al., 1987; Gonda et al., 1985). Currently 
more than 30,000 different viruses have been 
described. Based on genetic properties and on 
morphology they are classified into 93 virus 
families or orders. Specific for vertebrates are 
28 families, 22 of them are found with humans 
ICTV, 2011).
As the genotype of an agent determines its phe-
notype, its morphology, the visualization of 
morphological criteria of bacteria, viruses, or 
parasites directly implies the identification of 
a suspect particle as a member of a particular 
family of agents - or as a member of a hitherto 
new virus family, as experienced recently with 
the mimivirus (La Scola et al., 2003). Virus fam-
ilies differ from each other in many aspects, the 
simplest being size: from 17 nm for porcine cir-
covirus (Tischer et al., 1982) to 150 x 200 x 300 
nm for the brick-shaped poxviruses (Fenner et 
al., 1988) to 400 nm for mimiviruses (La Sco-
la et al., 2003). Due to the immediate diagno-
sis, DEM excels by speed. Including a routine 
negative stain preparation, a diagnosis can be 
attained within 15 min after the arrival of the 
sample in the DEM laboratory. As the sense of 
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vision (Figure 1) appears the most important 
among the five human senses, DEM is based on 
a robust mental sensorium. 
DEM provides an instant diagnosis as to the 
family type of the agent - in contrast to many 
test alternatives that diagnose a virus down to 
the type and species level. However, the fami-
ly-based DEM diagnosis can help the clinician 
as a differential diagnosis to initiate treatment 
and/or isolation measures without the need for 
further, time-consuming virus typing. But also 
when the type of the agent needs to be known, 
e.g., for forensic reasons, DEM helps to select 
appropriate agent-specific molecular assays. 
Finally, DEM typing can also be achieved by 
immunoelectron microscopy (Feinstone et al., 
1973; Field, 1982; Goldsmith and Miller, 2009; 
Kurth and Nitsche, 2007; Miller and Howell, 
1997, Wright, 2005).

Sample collection and preparation
Biosafety regulations require careful inactiva-
tion management during sample collection and 
preparation and routine skills in handling in-
fectious and/ or otherwise hazardous substanc-
es (for details see: CDC, 2014; Hayat and Miller, 
1990; Madeley and Biel, 2006; Gelderblom et al., 
2007). Samples may be collected from a wide 
spectrum of sources: directly from the patient 
as vesicle fluids, crusts or biopsies, all kinds 
of body excretions, diagnostic cell cultures 
(Goldsmith and Miller, 2009; Goldsmith et al., 
2004, 20011, 2013), or environmental samples 
(Gelderblom, 2003; Hazelton and Gelderblom, 
2003; Kurth et al., 2008). Before taking routine 
biopsies to examine suspicious skin exanthems, 
one should resort ahead to the less harmful NS-
DEM (Gelderblom et al., 2006), while biopsies 
are preferentially diagnosed by time-consum-
ing thin section histopathology. With warts 
and similar conditions it will be worthwhile to 
apply NS after grinding the tissue and making 
a suspension, preferentially in distilled water. 
Cotton swabs are less well suited for the collec-
tion of EM diagnostic samples as their prepa-
ration involves dilution steps (Gelderblom and 
Hazelton, 2000).
Preparation should be conducted under BSL 
2 or higher safety conditions, i.e. in a Class 2 
Laminar Flow Hood. Although the amount 
of material sticking to a grid represents less 

than 0.1 microL of the diagnostic suspensions, 
“out-diagnosed” grids also need to be inacti-
vated. Details have been described (CDC 2014; 
Gentile and Gelderblom, 2005; Hazelton and 
Gelderblom, 2003).

Principles and technical aspects of DEM
Conventional transmission EM (TEM) and rou-
tine NS preparation can attain in praxi a spa-
tial resolution of 2 nm. Thus all structures big-
ger in size than 2 nm are visualized, including 
the smallest viruses or other nanoparticles. To 
present the fine structure of an agent, merely a 
simple and robust contrast staining is required. 
For this goal heavy metal salt solutions are used 
- there are no agent specific reagents involved. 
Therefore, the “open view” of DEM can visu-
alize all agents on the specimen grid, also un-
known microbes as well as unsuspected ones. 
DEM is a “catch all method”, different from 
other methods in the diagnostic repertoire 
(Almeida, 1983; Biel and Gelderblom, 1999b; 
Field, 1982; Flewett, 1985; Gelderblom et al., 
1991; Goldsmith and Miller, 2009; Hazelton 
and Gelderblom, 2003; Madeley, 1995, 2003; 
Madeley and Field, 1988; Miller, 1986; Roinge-
ard, 2008; Zhang et al., 2013). 
The preparation in DEM follows basically one 
of two simple routines: NS-TEM or the prepa-
ration of ultrathin sections (TS-TEM). Rarely 
shadow-cast preparations are used. NS, used to 
prepare suspensions of particles, is the fastest 
method in virology. In contrast, TS-TEM uses 
resins to dehydrate and infiltrate small blocks 
of organs, tissues or cells after double-fixation 
and staining. After polymerization of the resin, 
ultrathin sections 40 to 80 nm in thickness are 
prepared and post-stained using electron-dense 
heavy metal salt solutions. In TS-TEM the dif-
ferent chemical groups of the specimen react 
to various degrees with the heavy metal salts 
– based on chemical affinities. Due to the com-
plex preparation scheme, this histopathology 
type of DEM requires in praxi near 10 days 
(de Haro and Furness, 2012; Schroeder et al., 
2006), though recently also shorter TS-TEM 
schemes were established (see later). NS-TEM, 
in contrast, allows a sound diagnosis within a 
few minutes as there are no chemical affinities 
involved, at least not in the usual short-term 
preparation scheme.



M. Gentile, H.R. Gelderblom410

Negative staining of virus suspensions
Introduced in the early 1960s (Brenner and 
Horne, 1959), the procedure consists basically 
of three steps: adsorption of particles to a sup-
port film, washing and staining - as described 
in much detail in textbooks and papers (Bozzo-
la and Russel, 1999; De Carlo and Harris, 2011; 
Biel and Gelderblom, 1999 a; Gelderblom et al., 
1991; Gelderblom, 2003; Gentile and Gelderb-
lom, 2005; Goldsmith and Miller, 2009; Hayat 
and Miller, 1990; Harris, 1997; Hazelton and 
Gelderblom, 2003; Maunsbach and Afzelius, 
1999). Rather then discussing minute technical 
details, we would like to mention merely two 
essentials: successful NS-TEM requires hydro-
philic grids and a concentration of >105 parti-
cles per ml in the diagnostic suspension. The 
latter condition is often met in clinical samples, 
e.g., vesicular rashes caused by herpes - and 
poxviruses - but also many other agents exceed 
this lower limit by several orders of magnitude. 
Viruses like other biologicals consist mainly of 
light atoms that do not induce an appreciable 
contrast in the conventional TEM. To visualize 
biologicals with high contrast, heavy metal salt 
solutions are used. At least 4 to 5 “stains” can 
be recommended (for details see c.f.: Biel and 
Gelderblom, 1999a; De Carlo and Harris, 2011; 
Harris, 1997; Hayat and Miller, 1990). The met-
al salt solution surrounds all structures on the 
grid and after drying down encases them as a 
very thin, glass-like, electron-dense “envelope”. 
The stain may also penetrate labile structures 
- particularly true for phosphotungstic acid 
(PTA), while uranyl acetate (UAc) tends to sta-
bilize labile, especially enveloped viruses. PTA 
and UAc differ widely in staining properties. 
Therefore at least these two should be used: if 
required in parallel, especially when dealing 
with unknown samples. After a few minutes of 
preparation and air-drying, the grid is ready for 
examination in the EM, i.e. a diagnosis can be 
made within 15 to 20 min.
Only small amounts of a diagnostic suspension 
are required. A minimal volume of 1 or 2 mi-
croL will suffice, however, larger volumes are 
preferred as they will allow for particle enrich-
ment techniques or immuno-EM. In case of 
low particle titers, enrichment methods bring 
down the threshold to 104 and 103 particles per 
ml, e.g., sedimentation by the AirfugeR directly 

onto the grid (Biel and Gelderblom, 1999a; Gel-
derblom and Reupke, 1978; Hammond et al., 
1981) or still more sensitive combinations of 
immune-aggregation and sedimentation (Biel 
et al., 2004; Gelmetti et al., 1996). 
Two steps are essential in NS-DEM: diagnostic 
suspensions require a low speed “clear cen-
trifugation” before being adsorbed to the grid: 
1.000-2.000g for 10 min will remove broken 
cells and/or bacteria that otherwise may hide 
the structures of interest. Secondly, the quality 
of the support grids is most critical. Mechani-
cally and thermally stable support films are re-
quired - made of PioloformR or FormvarR and 
reinforced with a thin layer of carbon. The car-
bon surface must be adhesive, otherwise parti-
cles from the suspension do not adhere tightly 
and are washed off during NS. The required 
“stickiness” of the carbon is achieved reliably by 
a glow discharge pre-treatment (Aebi and Pol-
lard, 1987). Other means for a proper surface 
ionization are pre-treatment with poly-L-lysine 
or Alcian-Blue (Biel and Gelderblom, 1999a; 
De Carlo and Harris, 2011; Harris, 1997; Ha-
yat and Miller, 1990). To control proper quality, 
the grids should be prepared and ionized in the 
DEM laboratory itself. Interestingly, grids used 
in DEM can be analyzed later also by nucleic 
acid amplification techniques (Johnsen et al, 
2006) - a way to type the observed virus rapidly, 
but also to control DEM internally.
Figure 4 demonstrates a clinical case and the 
respective DEM. On April 17, 1998, on a Fri-
day afternoon one of us (HG) was called by the 
clinician Professor Hans D. Pohle to assist in 
diagnosis and therapy. The patient, estimated 
25 to 35 years in age, had been admitted to the 
Hospital in a febrile state without conscious-
ness and lesions all over the body – most of 
them with clear content and in the same state 
of development (Figure 4a). without any papers 
for identification. He showed vesicular Small-
pox appeared to be ruled out: “eradicated from 
the world” already in 1979 (Fenner et al., 1988). 
But also animal orthopoxviruses, like cowpox- , 
mouse- and monkeypox virus can induce severe, 
even life-threatening zoonoses - in particular in 
immuno-compromised patients (Czerny et al., 
1991; Reed et al., 2004). From the tenderness of 
the thin-walled vesicles, however, a generalized 
case of chickenpox, zoster or herpes simplex 
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appeared more likely. Before giving an antiviral 
the advice of physicians ruled out the possibil-
ity of a generalized allergy. Two vesicles - one 
on the face and one on the trunk - were opened 
and two EM grids per vesicle touched down 
into the fluid right to the bottom of the lesion. 
After air-drying the grids were taken across the 
street to the DEM laboratory. NS-TEM revealed 

an abundance of particles typical of the herpes-
virus family (Figure 4b) in both lesions: dam-
aged envelopes and isometric capsids around 
100 nm in diameter. A poxvirus infection and an 
allergic state therefore appeared highly unlike-
ly and the instant therapy with initially three 
grams of AciclovirR was started. The life-threat-
ening brain swelling and fever receded within 
six hours and the patient recovered completely 
due to the still timely gift of the drug. Antivirals 
are effective, but not trivial drugs because of 
inherent long-term side effects. Therefore the 
indication to give an antiviral should be based 
on robust evidence. DEM was achieved within 
15 min and given the life-threatening state of 
the patient the role of DEM in this emergency 
cannot be underestimated.
DEM, however, does not rely only on proper 
sample preparation, but also on experience and 
diagnostic expertise as shown in Figure 5 and 
described in full detail elsewhere (Nitsche et al., 
2007). The paper originates in a collaboration 
between two Public Health Laboratories. In 
February 2006, colleagues in Austria had stud-
ied hemorrhagic skin lesions on the hand of a 
farmer. He suffered from a “pronounced red-
dish rash” with “deep red to purple confluent 
plaques”. NS-DEM revealed “bacteria in a clean 
background and seven profiles, 260 nm x 400 nm 
in size” (Figure 6a), but no other virus-like par-
ticles. As the “profiles” resembled the outline of 
orthopoxviruses (OPV) it was decided to contact 
- within the consulting DEM framework - the 
Robert Koch Institute in Berlin for further clar-
ification. The next day, three different samples 
were sent: “5 microL of hemorrhagic vesicle flu-
id, barely visible pieces of skin from the vesicle 
roof, and a scraping from the lesion base dried 
down on a paper sponge”. The same day, DEM 
and PCR were performed in Berlin with three 
positive PCR and two positive DEM results. The 
particles observed, however, were ovoid, 260 nm 
in length and 150 nm in width, “completely sur-
rounded by bundles of parallel surface threats” 
as known of members of the parapoxvirus ge-
nus (PPV) (Figure 6b). The homogenized vesicle 
skin showed 107-8 PPV particles/ml, the eluate 
from the sponge only 104 particles/ml, while the 
vesicle fluid sample - disappointingly - failed to 
show any virus. Remarkably, the PPV positive 
DEM grids showed decent amounts of detritus 

FIGURE 4 - (a) The forehead of a febrile patient admit-
ted to hospital without consciousness bearing nume-
rous vesicles. They appear relatively thin-walled with 
the majority of them at the same development state 
and containing clear fluid. Two vesicles were opened 
for DEM and two electron microscopic support grids 
touched down into the vesicle fluid. (b) DEM after 
negative-staining with 1% sodium phosphotungstate 
(PTA) revealed an abundance of particles of the her-
pesvirus family, the majority of them with broken en-
velopes and released virus nucleocapsids. The “deep 
embedding” of virus particles in the electron dense 
“stain” caused severe particle damage and shrinkage 
and breakage of the stain. These drying artefacts, ho-
wever, do not interfere with a safe diagnosis (negative-
nr.: EM-10 # 57359). 



M. Gentile, H.R. Gelderblom412

(Figure 6b), while vesicle fluid-grids appeared 
“clean” and “empty”.
PCR proved unequivocally the presence of PPV 
with 1.7x103 genome equivalents (ge) in the ves-
icle fluid, 2.3x106 ge for the vesicle roof, and 
3.1x102 ge for the sponge eluate. Thus PCR and 
DEM ruled out the initial DEM-based suspicion 

of an OPV infection and arrived instead at the 
correct diagnosis of PPV. Considering the time 
required for preparation and evaluation, DEM 
was faster than PCR. Summarizing the perfor-
mance of both detection techniques it was pro-
posed that “in infectious disease emergencies 
both DEM and PCR should be applied front-

FIGURE 5 - Comparative aspects of herpesviruses: (a) Vesicle fluid prepared directly from the patient shown in 
Figure 4a. As the PTA-layer is much thinner than in Figure 4b, the virus particles are relatively well-preserved. 
The envelopes are flattened and the cores or nucleocapsids inside the virions barely detectable (negative-nr.: 
EM-10 # 57360).  (b) DEM showing six “naked” virus capsids after UAc “staining”, three of them revealing 
evidence of a capsomers substructure while the other capsids are penetrated by the stain (negative-nr.: EM-10 
# 73565). (c) Immuno-typing of a human herpesvirus isolate using using a polyclonal envelope specific anti-
HSV-1 antiserum diluted 1:20 (Biel and Gelderblom, 1999a). After 30 min incubation at 37°C, the mixture was 
directly contrasted with 1% PTA. The viral envelopes appear densely coated with antibodies and 6 or more virus 
particles are cross-linked forming a diagnostically significant immuno-aggregate (negative-nr.: S-101 # 27397). 
(d) Thin section electron microscopy, based on a section thickness of typically 40 to 70 nm thickness, often 
reveals more insights into complex structures. Inside the herpesvirus virion, the DNA-genome is protected as a 
very-electron dense desoxyribonucleoprotein (DRNP), which itself is guarded inside the isometric nucleo-capsid 
(NC). The NC is coated by the tegument layer (TEG) followed by the viral envelope (ENV (negative-nr.: EM-10 
# 52208). 
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line – in parallel - to lower the risk of making 
a misdiagnosis due to faulty sampling, prepa-
ration and interpretation“ (Nitsche et al., 2007). 

What can we learn from the initial “pitfall” 
in DEM?
How come the initial misinterpretation of OPV? 

Two questions need to be discussed here:
1) what were the “OPV-like structures” ob-

served initially;
2) why did they lead directly to the misinter-

pretation of OPV? 
There is no doubt the profiles observed (Figure 
6 a), are reminiscent of OPV. However, their 

FIGURE 6 - From the paper: “Pitfalls in DEM” (Nitsche et al., 2007) to illustrate and discuss possible mistakes 
in preparation and assessment. (a) Two elongated “profiles” measuring 260 x 400 nm with rounded corners are 
seen on a relatively clean “empty” support grid. As the profiles are reminiscent of the contour-lines of orthopoxvi-
ruses (OPV) they raised suspicion and alarm. (b) Diagnostic samples were send to the Robert Koch Institute for 
further evaluation and revealed a high concentration of parapoxvirus (PPV) particles accompanied by an appre-
ciable amount of detritus. Vesicle roof after thorough grinding, Airfuge sedimentation onto the grid, PTA-staining 
(negative-nr.: EM-10 # 76546). (Figs. 6a and 6b reprinted with kind permission of ELSEVIER). Based on pattern 
recognition, members of the OPV and PPV subfamilies were immediately differentiated by negative stain DEM. (c) 
OPV particles, e.g., camelpox, cowpox, mousepox, smallpox, vaccinia, monkeypox viruses appear “brick”-shaped. 
PTA-staining. Measuring 250-400 x 150-250 nm, they are considerably larger than the elongated PPV with 250-
300 x 150 nm (d). Besides size and shape also the surfaces of OPV and PPV differ clearly. While OPV (c) show 
short surface ridges, PPV particles, e.g., Orf, bovine papular stomatitis and pseudocowpox virus reveal surface 
spirals surrounding in parallel the complete virion - UAc staining. (c) negative-nr.: EM-10 # 68659; (d) negative-
nr.: EM-10 # 64293)
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faint appearance and the absence of a defined 
surface structure should have cast doubts on 
their viral nature. Moreover, the “clean” back-
ground indicated that only little - if any - mate-
rial stuck to the grid. A “clean background” in 
DEM must raise doubts as to the specimen and/
or to the preparation (“stickiness of the grid”). 
Except for highly purified specimens, all DEM 
specimens - be they clear vesicle fluid, culture 
supernatants, or biopsy and stool suspensions - 
contain detritus: small molecular dirt (Figure 6 
b) as well as larger, particulate contaminations 
that reflect the biological origin of the sample. 
Therefore, grids in DEM should reveal some 
detritus. The “lack of dirt” together with the 
low-contrast appearance of the “OPV profiles” 
disprove the initial “OPV” diagnosis. The pro-
files are simply holes in the plastic film of the 
specimen grid - partly stain-filled. Holes may 
often arise when films are prepared under too 
humid conditions. They are, as also here, often 
similar in size and shape and represent a pre-
ventable artifact. 
But why did DEM in Berlin fail to detect PPV 
in the vesicle fluid - in contrast to PCR? A likely 
explanation: the sample had been diluted 500-
fold in buffer in the General Laboratory be-
fore being handed over to the DEM group. The 
current 1.7x103 genome equivalents, i.e. too 
high a dilution, prevented the third successful 
PPV-positive DEM diagnosis, an assumption 
consistent with the fact that the grids did not 
show any detritus. 

Recommendations for proper sample 
collection and preparation
Details are found in many textbooks and pa-
pers (Biel and Gelderblom, 1999a; Bozzola and 
Russel, 1999; De Carlo and Harris, 2011; Field, 
1982; Gelderblom and Hazelton, 2000; Gentile 
and Gelderblom, 2005; Goldsmith and Miller, 
2013; Hayat and Miller, 1990; Hazelton and Gel-
derblom, 2003; Maunsbach and Afzelius, 1999; 
Stirling et al., 2012). Atlases on the morphology 
of viruses and bacteria contain useful, though 
limited and in part also outdated information 
(Horne, 1974; Madeley and Field, 1988; Palmer 
and Martin, 1982). Therefore, the particulars of 
DEM are preferentially learned during a stay 
in an expert laboratory. In addition, we would 
like to draw attention to merely a few specific 

points that we found helpful in our own DEM 
work. 
1) Specimens must be accompanied by a data 

form sheet with clinical information rele-
vant to both the patient and the diagnostic 
specimen. Data are required as to the per-
son: name and affiliation, age and sex, the 
quality of symptoms and their onset, date of 
sample collection, the origin/site and quali-
ty of the sample, the address including tele-
phone and e-mail of the sender to facilitate 
rapid data exchange.

2) In a bedside situation the “direct touch 
method”, i.e. the sampling of vesicle fluids 
directly on the grid is most effective. In case 
of pox- or herpesvirus infections, the lesion 
base will contain a maximum of virus load. 
Vesicle fluids and/or other suspensions can 
be transported to the DEM laboratory in 
capillary glass tubes, dried down on micro-
scopic glass slides or in small plastic vials 
(Gelderblom, 2003; Gentile and Gelderblom, 
2005). Infectious material should be pack-
aged in a shatterproof container, accompa-
nied by the data sheet. 

3) Samples for DEM and the other laboratory 
diagnostic methods should be collected in 
parallel. If applicable: more than one spec-
imen per patient in order to study different 
lesions. A carefully considered and docu-
mented sampling will support a safe and 
rapid diagnosis. If possible, the DEM staff 
should be involved in sample collection.

4) DEM is basically simple in theory and meth-
ods. Vertebrate viruses are clustered in 
merely 28 genetically and morphologically 
defined virus families/classes with clear-cut 
differences in morphology. As one of us (HG) 
experienced when operating an External 
Quality Assurance Scheme in EM Virus Di-
agnostics (EQA-EMV), DEM expertise can be 
acquired without much difficulty provided 
the newcomer is already experienced in gen-
eral life science TEM. Given this experience 
and a positive motivation, the initial study of 
a few reference papers, a one week collabo-
ration in an expert laboratory, regular par-
ticipation in an EQA program, attendance in 
respective Workshops and Lab-Courses and 
a decent sample throughput will guarantee a 
robust competence in DEM.
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5) A “clean” grid in DEM - without any “dirt” 
- must raise suspicion as it points to a lack 
of hydrophilicity (“stickiness”) of its car-
bon layer. Hydrophobic surfaces will not 
bind biologicals. Except for highly purified 
samples, all diagnostic suspensions con-
tain some bio-debris. The “dirt” on the grid 
proves proper grid quality as well as ade-
quate procedures. The required hydrophilic-
ity can be checked directly by observing the 
spreading behaviour on the grid’s surface of 
a droplet of water or buffer.

6) Positive controls may be used, especially af-
ter an unexpected negative DEM result or 
when only low particle titers are likely in 
the sample. A defined volume of a marker 
molecule admixed to the sample can ver-
ify the performance of the preparation. To 
determine dimensions and concentrations, 
“internal” markers, e.g., catalase crystals, 
colloidal gold, latex particles of known sizes 
and concentrations, even purified adenovi-
rus particles are used (Gentile et al., 1994; 
Luftig, 1968; Zheng et al., 1996). 

7) Routine DEM relies primarily on NS tech-
niques. In certain situations, however, TS-
TEM should also be applied, e.g., when in-
formation on the virus-cell-interaction is 
required or when particularly labile agents 
are studied (Goldsmith and Miller, 2009; Ha-
zelton and Gelderblom, 2003; Miller, 2003). 
Conventional TS-TEM may need up to 10 
days (de Haro and Furness, 2013) while re-
cent rapid embedding techniques allow for 
a same day-diagnosis. Rapid embedding can 
be performed with little extra effort by lab-
oratories executing already routine TS-TEM 
(Laue et al., 2007; Schroeder et al., 2006; 
Zechmann et al., 2011).

8) Immuno-EM (IEM) combines the high res-
olution of TEM with the marvellous biodi-
versity of the immune system. Monoclonal 
or polyclonal agent-specific antibodies may 
be utilized in DEM in a number of more or 
less complex IEM techniques. Humble im-
muno-aggregation using a pool of unlabelled 
hyperimmune-sera will facilitate the detec-
tion of even unknown agents. Provided avid-
ity and titer of the antibodies suffice, IEM is 
reliable as the following references may show 
(Biel and Gelderblom, 1999a; Bertiaume et 

al., 1981; Feinstone et al., 1973; Field, 1982; 
Gelderblom et al., 1985, 1987; Gelderblom 
and Schwarz, 1976; Goldsmith and Miller, 
2009; Kapikian et al., 1972; Miller and Howell, 
1997). IEM helps in virus enrichment on the 
grid (Biel and Gelderblom, 1999a; Gelmetti 
et al., 1996), in typing and in the high-resolu-
tion localization of antigenic sites (Beutin et 
al., 2005; Schwarz et al., 1983).

9) In DEM a grid should be screened for 20 
min (or 10 fields on the 400 mesh grid) in 
order to detect low titer agents as well as 
multiple infections. As DEM cannot be per-
formed in an automated way, its success de-
pends widely on experience and dedication. 
We know of a DEM laboratory shouldering 
in the past an exceptionally high diagnos-
tic burden of near 10,000 samples per year. 
Nevertheless, DEM is not well-suited for 
screening such a large numbers of samples. 
As alternative molecular methods have tak-
en over much of the routine diagnostics, 
DEM now rightly focuses on the more ur-
gent cases. 

Is there a need for additional, sophisticated 
preparation procedures in DEM?
In conventional NS the adsorbed particles are 
flattened to various degrees and also the fine 
structure of labile agents may suffer because 
of the final rigid air-drying step involved. 
One therefore could argue about the use of 
cryo-techniques to improve structure-preserva-
tion. Indeed, they do prevent drying artifacts 
(Adrian et al., 1998; De Carlo et al., 2002; De 
Carlo and Harris, 2011; Harris, 1997). How-
ever, they require a cryo-transfer system and 
a TEM run under cryo-conditions - prerequi-
sites that are neither sufficiently robust nor 
foolproof in a DEM routine. 
Moreover, cryo-TEM is exceedingly time-con-
suming and indeed, time and throughput are 
limiting factors in DEM. 
On the contrary, NS-DEM does benefit from 
particle damage! Herpes-, paramyxo- and other 
complex viruses will present diagnostically sig-
nificant internal structures - capsids and cap-
someres, the “herring-bone” ribonucleoprotein, 
respectively - only when the viral envelopes are 
damaged and permeable to the negative stain 
(Figures 5 and 7).
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What about the role of other accessory tech-
niques in DEM? X-ray spectroscopy can help to 
identify spores in DEM (Laue and Fulda, 2013) 
and electron tomography revealed significant 
internal virus structures that had remained 
hidden in conventional TEM (Mast and De-
meestre, 2009). No doubt, this gain in insight 
can support a safe diagnosis when, e.g., a sus-
pected particle is surrounded by too much elec-
tron-dense stain. 
In tomography a particle is analyzed from all 
directions and even in proper slices. However, 
as accessory techniques depend on addition-
al, expensive and time-consuming instrumen-
tation, it might be more rewarding to search 
for further suspects on the grid revealing their 
morphology more convincingly. 
As pointed out by Rossmann (2013), Subrama-
niam et al. (2007) and recently by Henderson 
et al. (2012) electron tomography, in particular 
cryo-tomography is a leading edge technique 

in structural research enabling the generation 
of 3D images at near-atomic resolution. DEM, 
however, does not need this ambitious resolu-
tion! Structure-preserving cryo-TEM does not 
help in rapid DEM as it interferes with the need 
for diagnostic speed.

The costs of DEM 
To establish DEM de novo is expensive. An 
average TEM will cost between 250,00 and 
600,000 €. An ultramicrotome requires an in-
vestment of 30,000 to 40,000 €, an automated 
embedding apparatus about 19,000 €. To op-
erate two TEMS in parallel in a DEM unit ap-
pears advantageous because of maintenance 
and capacity issues. Thus, it appears nearly 
impossible to fund de novo a DEM laborato-
ry that is able to refinance this investment. 
Furthermore, DEM also requires expertise 
and skills and a staff that appears difficult to 
bring together in a de novo situation. To in-

FIGURE 7 - Virus particles produced in a VERO E6 cell culture 24 hours after inoculation of a SARS coronavi-
rus isolate. (a) Culture supernatant was inactivated by 4% of paraformaldehyde and after Airfuge sedimentation 
onto the support grid stained with 1% PTA. The sample revealed abundant masses of paramyxovirus (PMV) 
particles. PMV can be highly pleomorphic – either spherical up to 400 nm in diameter or more filamentous in 
shape. PMV particles bear short envelope projections – detectable here at their periphery. Inside stain-penetrated 
virions, strands of the viral ribonucleoprotein (RNP) can be detected. When the labile viral envelopes are bro-
ken, RNPm strands, 18 nm in diameter with a herring-bone pitch structure are released. Encircled: a single 
coronavirus virion, recognizable by its irregularly spaced, but prominent peplomers and its diameter of 90 nm 
(negative-nr.: EM-10 # 71917).  (b) Part of a VERO E6 cell from the culture analyzed in Figure 7a. Ultrathin 
section TEM after rapid embedding (Schroeder et al., 2006). Four PMV filaments are seen budding from the cell 
surface. They appear rigid and their envelopes are studded with barely visible virus envelope projections. Inside 
the filaments cross-sections of the viral RNP can be recognized, more or less clearly depending on the section 
angle. In addition, at least five SARS-coronavirus particles are seen adhering to the cell surface: in thin section 
TEM they are characterized by spherical shape, a size of 90 nm, electron-dense material directly underneath the 
viral envelope and only faint envelope projections. While the virologists were interested in growing pure, high 
titer progeny of SARS-coronavirus, control by NS- and TS-TEM revealed contamination of the VERO cells by 
a PMV: a contamination common also in number of other permanent cell lines, e.g., HeLa, Hep 2, LLC-MK2. 
(negative-nr.: EM-10 # 75615).
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vest in already existing EM facilities will prove 
more rewarding. They should be reinforced 
and supported, e.g., by replacing outdated in-
strumentation. In DEM often older electron 
microscopes are operated, often >25 years 
old, run with conventional film cameras, and 
only poorly - if at all - supported by industry 
regarding maintenance and spare parts. It ap-
pears more realistic to invest in new, fully digi-
talized instruments and in motivated, younger 
personnel that can be trained in handling the 
instrument, in sample preparation and in diag-
nostic skills appears (Biel and Madeley, 2001; 
DeHaro and Furness, 2012; Tiekotter and Ack-
ermann, 2012). Aside from the costly equip-
ment and the need for a dedicated staff, the 
costs of running DEM are remarkably low: the 
preparation of an NS sample amounts to less 
than 0.5 € which is much less than the costs 
for alternative molecular tests. Accordingly, a 
not too small throughput of DEM samples is 
also cost-effective, as the overhead technical 
costs per sample will be reduced.

How to organize DEM? 
In contrast to the majority of the other labo-
ratory diagnostic methods, DEM depends very 
much on human factors, expertise and moti-
vation. A daily flood of stool samples and/or 
screening day for day all fractions of a num-
ber of density gradients will be a weary job 
for the microscopist. When samples for DEM 
are not properly selected, the number of false 
“negatives” will increase and too many nega-
tive samples will cause frustration. Motivation 
will fade and DEM inevitably will become less 
effective. Attention and motivation are kept 
high by “interesting” samples, when DEM 
is run closely linked with the Department of 
Laboratory Diagnostics and/or when it devel-
ops its own,independent links to e.g., a Clinic 
of Infectious Diseases. The latter will facil-
itate access to patients and samples that are 
collected in an adequate way. And no doubt, 
when the sector enjoys priority, DEM can be 
performed in parallel to its own strong bio-
medical structural research program (Biel and 
Madeley, 2001). A regular throughput of diag-
nostic samples, >5 to 10 per week, will guaran-
tee the quality of DEM by the experience gen-
erated and regular participation in EQA and 

educational measures will help to acquire and 
ensure it (Gelderblom, 2001, 2003). 

The future of DEM
DEM is rapid. It does not depend on complex 
and time-consuming methods and whenever 
applied expertly, DEM succeeded in the diag-
nosis of a variety of infections (Hazelton and 
Gelderblom, 2003; Ksiazek et al., 2003; Long et 
al., 1970; Reed et al., 2003). All kinds of samples 
can be analysed by EM, either directly from the 
patient (Hazelton and Gelderblom, 2003; Mad-
eley, 2003; from diagnostic cell cultures (Gold-
smith and Miller, 2009; Goldsmith et al., 2004, 
2013), or as environmental samples (Gelder-
blom, 2003; Hazelton and Gelderblom, 2003; 
Kurth et al., 2008). The performance of DEM 
is improved further by digitalization (Tiekot-
ter and Ackermann, 2012) and remote control 
microscopy (Schroeder et al., 2001). It can ben-
efit greatly from rapid embedding techniques 
(Schroeder et al., 2006; Laue et al., 2007; Zech-
mann et al., 2011). 
Due to its unique diagnostic approach - visu-
alization - DEM appears useful. The molecular 
techniques that have taken over most routine 
viral diagnosis, may fail due to inhibitory sub-
stances (Kurth et al., 2008), wrong primer use 
or to a change in the antigenic make-up. And 
often with “rare” agents, in particular in vet-
erinary medicine, no alternative commercial 
tests are available. Therefore, the “open view” 
of DEM should be available in infectious dis-
ease emergencies, also with immuno-com-
promised patients, in suspects of agro- and 
bioterrorism as well as wherever questions 
can be answered by high resolution imaging. 
DEM must be used front-line in order to ben-
efit from an early visualization and in parallel 
to the molecular tests (Curry, 2003; Curry et 
al., 2006; Goldsmith and Miller, 2009; Miller, 
2003; Hazelton and Gelderblom, 2003). When 
properly performed, DEM will excel by inher-
ent speed and reliability (Biel and Gelderblom, 
1999b; Biel and Madeley, 2001; DeHaro and 
Furness, 2012; Curry, 2003; Curry et al., 2006; 
Gelderblom, 2003; Gentile and Gelderblom, 
2005; Goldsmith and Miller, 2009; Goldsmith 
et al., 2013; Hazelton and Gelderblom, 2003; 
Madeley, 2003; Miller, 2003; Peters et al., 1962; 
Roingeard, 2008). Besides national centralized 
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DEM units, local facilities should also be run 
to guarantee a rapid and close networking. 
Considering the prevailing economic shortag-
es, it would appear justified to combine DEM 
for medicine and veterinary medicine in joint 
teams.
Ties to academia will make DEM more lively 
and successful. By supporting university-based 
structural research, students may enter stu-
dent-, diploma- and thesis-work in DEM and 
thus might become able and motivated succes-
sors in DEM. When results obtained in DEM 
and in structural research are published in due 
course - if possible in a number of ways - both 
academia and DEM will benefit (Biel and Mad-
eley, 2001). Care should be taken that only high 
quality images are presented at proper sizes, a 
policy that scientific journals too often are no 
longer following (Ackermann, 2014). Besides 
the obvious value of a rapid DEM for the pa-
tient’s or animal’s health, the public will also 
learn about the wide spectrum of tasks that EM 
can fulfil in academia, industry and other insti-
tutions. A multi-task application of EM appears 
prudent - the costs of the expensive equipment 
and the dedicated staff are balanced this way by 
a rewarding output, by public esteem and bet-
ter chances for funding and grant application. 
“Embedding” DEM in a fine structure research 
group in public health institutions, academia 
or industry will help for proper funding and as-
sure a safe and sound future. 

Essential information on DEM
Information on Training Courses, Meetings, on 
the External Quality Assurance Schemes in EM 
Virus Diagnostics and advice for handling of 
DEM samples, including suspected bioterror-
ism samples, can be obtained from Dr. Michael 
Laue, Robert Koch Institute, Berlin (E-mail: 
Lauem@rki.de). Addresses of expert DEM lab-
oratories may be obtained here, too. Informa-
tion on NS preparation can also be download-
ed from the websites of the Centers for Disease 
Control and Prevention (www.bt.cdc.gov/labis-
sues/index.asp and click on “Packaging Proto-
cols for biological Agents/Diseases” and “Nega-
tive Staining Electron Microscopic Protocol for 
Rash Illness”; www.bt.cdc.gov/agent/smallpox/
lab-testing/ and click on “Specimen Collection 
Guidelines”.
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