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Aim of the presentationAim of the presentation

To give, through some 
examples coming from our 

work experience, 
an overview of the use of an overview of the use of 

negative staining EM methodsnegative staining EM methods
for 

the detection and the detection and 
identification of viral identification of viral 

particles in animal samplesparticles in animal samples
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Summary Summary 


 

EM use in vet virology


 
Enteric viruses


 

Vector-borne/Insect viruses


 
Viruses in minor species 
and wild animals


 

Fish viruses 


 
Honeybee viruses


 

Poxviruses


 
IEM with convalescent sera


 

Immunogold


 
Conclusions
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Positive and negative Positive and negative stainingstaining

NEGATIVE
NaPT pH neuter (7.2)
Ammonium molibdate

POSITIVE
Uranyl acetate 
Lead citrate
NaPT pH acid (4.5)

sample

film

4
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Negative staining EM (Negative staining EM (nsEMnsEM) methods) methods

Advantages:
– easy and quick to perform
– good conservation, contrast and resolution 
– need of low amount of sample and staining
Disadvantages:
– Limited to the study and detection of particles 

in water suspension 
– Need of quite elevated concentration of 

particles (at least 103)

PARTICULARLY USEFUL 
FOR DIAGNOSIS OF VIRUSES

5
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Work flow in Work flow in virologicalvirological diagnosisdiagnosis

6
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nsEMnsEM peculiaritiespeculiarities

Positive
– Results achieved in short times
– Permit to observe viruses that could not be isolated or 

identified by serological methods
– Permit to detect multiple viral infection (viruses in association)
– Permit to observe virions no more able to replicate (immuno- 

aggregates) 

Negative
– Limited to few labs 
– Sensitivity depends from the preparation method applied
– Not useful for those viruses which do not have specific 

morphological characteristics 
– Identification of viruses at “family level” (by-passed using IEM)

7
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Morphological identification of virusesMorphological identification of viruses

NECESSARY: 
to maintain the structural characteristics and the architecture 
of the examined object 

BASED ON: 
– shape, size, symmetry
– number and size of capsomers
– presence, shape and size of peripherical projections (spikes)
– type of organization of the nucleic acid 

VIRAL FAMILY 
+ IEM

GENUS, SPECIES, SEROTYPE

8
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Negative staining EM for viral diagnosisNegative staining EM for viral diagnosis

Method Threshold level   Time

Drop method 106-108 particles/ml Few min.
Airfuge method 104-106 particles/ml ~ 3 hours
IEM-Airfuge 103-104 particles/ml ~ 4 hours
IEM-Gold 103-104 particles/ml ~ 5 hours

Quite good level of sensitivity 
(depending on the method used)



A.Lavazza & G.Cardeti “Use and role of E.M. for the diagnosis of animal viruses” Rome – 08 November 201310

The The ““dropdrop”” methodmethod
Cell culture 
supernatant 

and/or lysate

Purified virus, 
suspensions or 

fractions

Egg-embryo 
(eg. allantoic 

fluid)

Crusts, papule, 
vesicles, 

nodular lesions 

Examination at 80kV – 16000 - 25000 x

1)1)
2)2)

3)3)

1) One drop of virus suspension (if needed, after sonication or fixation in 
0.2% glutaraldehide) 

2) one grid is put on the drop to float on its Formvar face
3) after 10 min contact, 2% NaPT stain is added (1.5 min)
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The The ““AirfugeAirfuge”” methodmethod

ULTRACENTRIFUGATION AIRFUGE BECKMAN
21 psi for 15 min

DILUTION of FAECAL SAMPLES
1:5 w/v in bi-distilled water

1)

LOW SPEED CENTRIFUGATIONS
6000 and 10000 rpm for 30 min

2)

4)

NEGATIVE STAINING
2% NaPt, pH 6.8 for 1.5 min

5)

OBSERVATION 
TEM - 80 kV at 19000-34000x

6)

IEM STEP 
incubation with serum at 37°C for 1 hr

3)
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Elements for Elements for AirfugeAirfuge 
ultracentrifugationultracentrifugation

Supernatant from 
2nd  centrifugation

A-100 rotor
microtube

adapter
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Diagnosis of Enteric virusesDiagnosis of Enteric viruses


 

often not cultivable virus


 

multiple viral infections

Relatore
Note di presentazione
‘m/\ltip(ə)l

Why Ns EM methods for the diagnosis of enteric viruses? Because they are often not cultivable and because multiple viral infections are frequently present
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Rotavirus in poultryRotavirus in poultry
Guinea fowlGuinea fowl ChickenChicken

PheasantPheasant TurkeyTurkey

Both Group A 
(ELISA pos) 
and non-A 
(Elisa neg) 
Rotavirus
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Rotavirus in canary (left) and pigeon (right)Rotavirus in canary (left) and pigeon (right)
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ReovirusReovirus in poultryin poultry

QuailQuail ChickenChicken
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AstrovirusAstrovirus ((enterovirusenterovirus--like) in poultrylike) in poultry

Guinea Fowl: Guinea Fowl: astrovirusastrovirus

Chicken: SRV (Chicken: SRV (enterovirusenterovirus--like)like)
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CoronavirusCoronavirus

Turkey (by IEM)
100nm

Swine (TGE)

200nm
Rabbit (by IEM) Pheasant
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Viral association in poultry gut contentsViral association in poultry gut contents

rotavirus + enterovirus-like astrovirus (right) + parvovirus (left)

Chicken Guinea fowl
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Viral association in turkey gut contentsViral association in turkey gut contents
rotavirus + astrovirus rotavirus + parvolike

adenovirus + enterolike (astro?)
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Calicivirus and Parvovirus in pheasantCalicivirus and Parvovirus in pheasant
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Circovirus (CIAV) + Birnavirus (IBDV) in chickenCircovirus (CIAV) + Birnavirus (IBDV) in chicken
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EnterovirusEnterovirus--like in pigslike in pigs

In diarrheic pigs, many SRV 
(enterovirus-like, 
calicivirus-like and 
astrovirus-like) are 
sporadically observed

They need to be further 
characterized (norovirus, 
sapovirus, anellovirus, 
bocavirus, hepevirus……)
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CalicivirusCalicivirus
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CalicivirusCalicivirus--likelike 
-- Sapovirus Sapovirus --
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Pig and Bovine TorovirusPig and Bovine Torovirus
The pathological 
significance of these 
agents has to be fully 
ascertained

Relatore
Note di presentazione
Associazione da intestino di suino (toro, entero e parvolike, le altre al centro rota e toro da suini e a dx rota e toro da vitello
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Enteric viruses in rabbitsEnteric viruses in rabbits
Rotavirus = the most important viral agent 
causing enteritis in rabbits

100nm

200nm

Parvovirus =
It has been 
considered 
a common 
pathogen 
with very 

low or null 
virulence

Coronavirus = Described as 
agent of systemic and enteric 
disease. Pathogenic role not 
well cleared
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Adenovirus = Very rarely 
identified, few reports. 
Post-weaning diarrhea 

Enterovirus-like = Recently 
reported, few reports. Poor 
characterization. Pathogenic 
role not yet defined

Calicivirus (vesivirus) = Isolated from rabbits 
with diarrhea. Correlated to vesicular 
exanthema virus and to cat and dog calicivirus
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
 

Directly from pathological materials and 
individuals (insects) 


 

From cell culture supernatants / lysates

Diagnosis of vectorDiagnosis of vector--borne/insect virusesborne/insect viruses

Orbivirus (family Reoviridae)

Alphavirus (family Togaviridae)

Flavivirus (family Flaviviridae)

Orthobunyavirus (family Bunyaviridae)
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BT BT -- BlueTongue virus (Orbivirus BlueTongue virus (Orbivirus -- Reoviridae)Reoviridae)

30

From cell culture, 
semipurified viral fraction
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EHDV - Epizootic Haemorrhagic Disease Virus 
(Orbivirus - Reoviridae) 

31

From cell culture, purified viral fraction
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CHIKV CHIKV -- Chikungunya virus Chikungunya virus 
(Alphavirus (Alphavirus –– Togaviridae)Togaviridae)

32

From cell culture (VERO) with CPE
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WNV WNV -- West Nile Virus (Flavivirus)West Nile Virus (Flavivirus)

33
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Mosquito viruses/1Mosquito viruses/1

34

PCR Results: 
1.Detection of West Nile Virus (flavivirus) 
2.Identification of RNA of Tahyna and 
Batai virus (bunyavirus)
3.Presence of RNA flavivirus related to 
mosquito flaviviruses
ME Results:
1.Reovirus/Birnalike virus
2.Flavivirus-like virus
3.Bunyavirus-like virus  

Bunyavirus-likeFlavivirus-like
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Mosquito viruses/2Mosquito viruses/2

35

Flavivirus-like Birnavirus-like

Flavivirus-like + 
Birnavirus-like
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SBV- Schmallenberg virus (Orthobunyavirus)

36

Sucrose gradient purified virus grown on VERO cells (viral strain was kindly 
furnished by Prof. T.C. Mettenleiter, FLI, Geifswald-Insel Riems, Germany ). 
IEM with hyperimmune serum (given by Dr. S. Nardelli IZSVe, Padova, Italy)
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Viruses in minor species and wild animalsViruses in minor species and wild animals


 

when no other methods are available


 

rare infections


 

new viruses

Relatore
Note di presentazione
Ns EM methods are useful when no other methods are available, when rare infections and/or new viruses have to be diagnosed
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Canary CircovirusCanary Circovirus
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Fox Morbillivirus (Canine Distemper Virus)Fox Morbillivirus (Canine Distemper Virus)
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Encephalomiocarditis (EMCV) virusEncephalomiocarditis (EMCV) virus

LemurLemur

DormouseDormouse SquirrelSquirrel
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TurtoisesTurtoises

HerpesvirusHerpesvirus ParvovirusParvovirus--likelike

ReovirusReovirusAdenovirusAdenovirus
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Parrots and FinchesParrots and Finches

Parrot papovavirusParrot papovavirus Finches papovavirusFinches papovavirus

Parrot reovirusParrot reovirus Pacheco herpesvirusPacheco herpesvirus Parrot circovirus(PBFD)Parrot circovirus(PBFD)
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Aviadenovirus (type 2) Aviadenovirus (type 2) in guinea fowlin guinea fowl
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Frog herpesvirusFrog herpesvirus
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Reoviridae in wild animalsReoviridae in wild animals

Reovirus-like
in wild boar 
(after isolation 
on cell culture)

Reovirus in bats   Rotavirus in a fox

45
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
 

Directly from 
pathological 
materials (gill, skin 
and internal 
organs) 


 

From cell culture 
supernatants/ 
lysates

Diagnosis of Fish virusesDiagnosis of Fish viruses
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BetanodavirusBetanodavirus

Purified

IEM

Immunogold
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RhabdovirusRhabdovirus
Trout Catfish

Carp
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Birnavirus (IPN) in troutBirnavirus (IPN) in trout
by IEM

by IEM
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IridovirusIridovirus
Seabass

Goldfish
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HerpesvirusHerpesvirus

Catfish
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Cyprinid HerpesvirusCyprinid Herpesvirus--2 (CyHV2 (CyHV--2)2)
Carassius carassius
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Diagnosis of Honeybee virusesDiagnosis of Honeybee viruses

 Initially only by AGID (till ’90)

EM employed as “multitask” method when specific 
sera were unavailable (from early ’90)

Wider use of molecular methods (PCR and RealTime- 
PCR) (starting from 2000)  elective method

But……


 
Often latent infections (nucleic acid vs mature particles)


 

Correct interpretation of the result of very sensitive 
methods (latent infection vs overt disease) 


 

New viruses and new variants


 
Virus association 
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Acute Bee Paralysis Virus (ABPV) Acute Bee Paralysis Virus (ABPV) -- IEMIEM

100 nm
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Deformed Wing Virus (DWV)Deformed Wing Virus (DWV)

100 nm
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Sacbrood virus (SBV)Sacbrood virus (SBV)

100nm
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Cloudy Wing Virus (CWV)Cloudy Wing Virus (CWV)

100 nm
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Filamentous Virus (FV)Filamentous Virus (FV)

200 nm
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PicornavirusPicornavirus--likelike

59

IEM, ELISA & RealTime PCR DWV: neg
ABPV Real Time PCR: neg
CBPV Real Time PCR: pos.
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Israeli Acute Paralysis Virus (IAPV)Israeli Acute Paralysis Virus (IAPV)

100nm
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Diagnosis of PoxvirusesDiagnosis of Poxviruses


 

Rapid diagnosis in wild and domestic animals
– Myxomatosis and Hare Fibromatosis
– Avian poxvirus


 

Differential diagnosis
– Contagious Ecthyma (Orf) vs Bluetongue in sheep
– Pustular Stomatitis vs Foot and Mouth Disease in Cattle
– Swinepox vs skin bacterial and parasitic infections


 

Zoonosis:
– Cowpoxvirus (from cat and llama) 
– Bovine Pustular Stomatitis

Relatore
Note di presentazione
It permits: a rapid diagnosis…

	a differential diagnosis

	a fast diagnosis of zoonosis



A.Lavazza & G.Cardeti “Use and role of E.M. for the diagnosis of animal viruses” Rome – 08 November 201362

Rabbit Myxomatosis and Hare FibromatosisRabbit Myxomatosis and Hare Fibromatosis

Endemic disease in wild
and industrial rabbits

Re-emerging disease 
observed after 40 years
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Avian PoxvirusAvian Poxvirus
CHICKEN

TURKEY
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Avian PoxvirusAvian Poxvirus

Owl OstrichGrey Partridge

Sparrow Canary Hawk
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Contagious ecthyma (ORF) vs BlueTongue in Contagious ecthyma (ORF) vs BlueTongue in 
sheep sheep 
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Pustular Stomatitis vs FMD in CattlePustular Stomatitis vs FMD in Cattle



A.Lavazza & G.Cardeti “Use and role of E.M. for the diagnosis of animal viruses” Rome – 08 November 201367

Parapoxvirus infection in wild ruminantsParapoxvirus infection in wild ruminants

Chamois

Red deer Alpine Ibex
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DD parapoxvirus vs papovavirus in wild ungulatesDD parapoxvirus vs papovavirus in wild ungulates
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Swinepox virusSwinepox virus

Observed directly from skin lesions 
and from cell cultures with CPE

CPE on PK15 cells 
at 5 dd p.i.

CPE on primary porcine 
kidney  cells at 3 dd p.i.
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Cowpox virusCowpox virus

Cat

Llama

200nm
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ImmunoElectronMicroscopy (IImmunoElectronMicroscopy (IEM)EM)

More specific: morphological 
identification plus antigen 
specificity 

More sensitive: identification 
of known and unknown viruses

– with no peculiar morphology 
(pleomorphic, elusive virus)

– in low concentration (102-103 

enrichment)

– in “dirty” samples (complex size)

Relatore
Note di presentazione
It thus makes possible:

to differentiate viruses belonging to the same family

to serotype a viral agent

to improve knowledge on the viral structure  

specific binding sites

subviral components 
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The The ““AirfugeAirfuge”” method + IEMmethod + IEM

ULTRACENTRIFUGATION AIRFUGE BECKMAN
21 psi for 15 min

DILUTION of FAECAL SAMPLES
1:5 w/v in bi-distilled water

1)

LOW SPEED CENTRIFUGATIONS
6000 and 10000 rpm for 30 min

2)

4)

NEGATIVE STAINING
2% NaPt, pH 6.8 for 1.5 min

5)

OBSERVATION 
TEM - 80 kV at 19000-34000x

6)

IEM STEP 
incubation with serum at 37°C for 1 hr

3)
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Type of sera used for IEMType of sera used for IEM


 

Hyperimmune serum 
–of the same species
–of heterologous species


 

Monoclonal antibodies


 

Convalescent serum

Emerging o re-emerging virus as etiological agents of 
undiagnosed clinical outbreaks 

Possible failure of alternative diagnostic methods due to
1. no immunological reagents 
2. no primers available 
3. clinical suspect not indicative

Why ?
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Preparation of the convalescent serumPreparation of the convalescent serum


 

Pooling of 2-10 sera taken from convalescent animals 
15-20 dd after clinical signs


 

Centrifugation at 10000 rpm for 30 min.


 

Inactivation by heating at 56°C for 30 min.


 

Filtering through 22 µm filters


 

Examination by EM: free from viral particles, lipid and 
protein debris


 

Testing the sample with serial dilutions


 
Initially 1:2, 1:20, 1:200 and 1:1000….. 



 
….and, according to the results, 1:10, 1:50, 1:100, 1:500 
etc.
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Optimal dilution of the serum and controlsOptimal dilution of the serum and controls

The dilution is optimal when:


 
The immunoaggregates are of adequate size



 
The halo of antibodies around virions is not so thick



 
The morphology of virions is not altered

Controls (spontaneous aggregations of virions ?)


 
Sample with no serum 



 
Incubation with a pre-serum (if available)



 
Incubation with another serum

Antigens Antibody 
excess

Antigen 
excess

Antigens and antibodies have 
an equal concentration

Antibodies
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Examples of using convalescent sera to detect Examples of using convalescent sera to detect 
““newnew”” and emerging viruses by IEMand emerging viruses by IEM


 

Porcine Rotavirus (PRoV)Porcine Rotavirus (PRoV)


 

Porcine Epidemic Diarrhea Virus (PEDV)Porcine Epidemic Diarrhea Virus (PEDV)


 

Porcine Circovirus (PCVPorcine Circovirus (PCV--2)2)


 

Porcine Torovirus (PToV)Porcine Torovirus (PToV)


 

Turkey RotaTurkey Rota-- and Astrovirusand Astrovirus


 

Pheasant ParvovirusPheasant Parvovirus--likelike


 

Lagovirus (RHDV and EBHSV)Lagovirus (RHDV and EBHSV)
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Porcine RotavirusPorcine Rotavirus


 
Primary agents of enteritis 


 

Steady incidence


 

Often associated to other 
viruses 


 

Convalescent serum: many 
strains belong to non-A types

200nm

200nm
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Porcine Epidemic Diarrhea Coronavirus (Porcine Epidemic Diarrhea Coronavirus (PEDV)PEDV)


 

One of the four porcine coronavirus known (group 1)


 
Clinical signs not typical: diarrhoea, vomit


 

High morbidity, low mortality


 
Constantly found and endemic in Italy


 

Several outbreaks reported on 2005-2006

100nm
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PED coronavirus: single particlesPED coronavirus: single particles

200nm

100nm

100nm



A.Lavazza & G.Cardeti “Use and role of E.M. for the diagnosis of animal viruses” Rome – 08 November 201380

PED Coronavirus: aggregated groups (IEM)PED Coronavirus: aggregated groups (IEM)

200nm

200nm
200nm

Convalescent serum:
PEDV is difficult to 
diagnose: no isolation 
in vitro, few reagents 
and established 
methods
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Pig Circovirus (PCVPig Circovirus (PCV--2)2)


 

Circoviridae family


 

ssDNA virus


 

Not enveloped


 

17 nm in diameter


 

PCV-1, not pathogenic, 
isolated on 1974 as 
contaminant of PK15 


 

PCV-2 isolated on 1991 and 
now associated with the 
Post-weaning Multisystemic 
Wasting Syndrome (PMWS)

100nm
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Pig Circovirus (PCVPig Circovirus (PCV--2)2)


 
Convalescent serum: PCV-2 
frequently detected in 
piglets clinically affected by 
PMWS


 

PCV-2 is often associated 
with other agents (immuno- 
suppressive effect) 

100nm

PCVPCV‐‐2 + rotavirus2 + rotavirus

100nm

PCVPCV‐‐2 + enterovirus2 + enterovirus‐‐likelike
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Pig Torovirus (PToV)Pig Torovirus (PToV)


 

Order Nidovirales


 
Pos-stranded RNA viruses


 

Discoidal, kidney- and rod- 
shaped; tubular 
nucleocapsid; envelope 
with 7-9 nm spikes


 

Asymptomatic enteric 
infections in swine


 

Serious, at times fatal, 
diarrheal disease in cattle 
(Breda virus-BRV). 


 

Gastroenteritis in humans 100nm
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Pig Torovirus (PToV)Pig Torovirus (PToV)

torovirus (torovirus () ) + enterovirus+ enterovirus--like  (like  (––) + PCV.2) + PCV.2--like (like (······))

Convalescent 
serum: after 
the first case 
on 1990, four 
other cases 
detected 
between 1999- 
2002
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Pig Torovirus (PToV)Pig Torovirus (PToV)

torovirus (torovirus () ) + enterovirus+ enterovirus--like  (like  (––––) + PCV.2) + PCV.2--like (like (······))

100 nm
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Turkey Rotavirus and AstrovirusTurkey Rotavirus and Astrovirus


 

Primary agents of enteritis in 
young turkeys (7-21 dd old)


 

Often detected in association 
(synergic effect)

100 nm

100 nm



A.Lavazza & G.Cardeti “Use and role of E.M. for the diagnosis of animal viruses” Rome – 08 November 201387

Turkey Rotavirus and AstrovirusTurkey Rotavirus and Astrovirus

Convalescent 
serum: 
simultaneous 
detection of 
no-cultivable 
viruses in 
association

200 nm
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PheasantPheasant HepatitisHepatitis


 

Observed in Italy on 1996


 
New disease of young 
pheasants (15-25 dd)


 

Anorexia, dullness, 
diarrhoea, loss of weight


 

Diffused haemorrhages, 
enlarged livers


 

Catarrhal enteritis


 
15-60% mortality

100nm100nm
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PheasantPheasant HepatitisHepatitis
Convalescent serum: primary identification of 18-21 nm 

parvovirus-like virions in the liver of young pheasant

100 nm
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Lagovirus (RHDV and EBHSV)Lagovirus (RHDV and EBHSV)

RHD 
Rabbit Haemorrhagic Disease

Domestic and wild rabbit 
(Oryctolagus cuniculus)

CALICIVIRUS (RHDV) CALICIVIRUS (EBHSV)

Antigenically related but different viruses, no cross-infection

Firstly reported on 1984 in China 
and on 1986 in Europe. 
World-wide diffused and described 
in over 40 countries 
Morbidity 90-100%
Mortality 40-90%

Emerged in Europe on ’80 but the 
aetiological agent was identified 
(using IEM) on 1988. 
Presently endemic only in Europe. 
Morbidity 90-100%
Mortality 30-50%

EBHS 
European Brown Hare Syndrome

European brown hare
(Lepus europaeus P.)
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nsEM: 1nsEM: 1stst ““undetectedundetected”” RHDV positive (Nov. 1986) from lung RHDV positive (Nov. 1986) from lung 

200 nm

100 nm
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nsEM: 1st  nsEM: 1st  ““detecteddetected”” RHDV pos. (30RHDV pos. (30--0606--88) from liver88) from liver

100 nm
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IEM: IEM: 11stst ““detecteddetected”” RHDV pos. (30RHDV pos. (30--0606--88) from liver 88) from liver 
using a convalescent serumusing a convalescent serum

100 nm

100 nm

100 nm



A.Lavazza & G.Cardeti “Use and role of E.M. for the diagnosis of animal viruses” Rome – 08 November 201394

IEM: IEM: 11stst EBHSV positive 29EBHSV positive 29--0909--88 from liver88 from liver 
using an antiusing an anti--RHDV convalescent serumRHDV convalescent serum

100 nm
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IEM: EBHSV pos. using an antiIEM: EBHSV pos. using an anti--EBHSV convalescent serum EBHSV convalescent serum 

100 nm
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Colloidal gold IEMColloidal gold IEM

By using and electrondense 
marker i.e. 5-30 nm colloidal 
gold particles 
They are bound to antibodies by 
electrostatic link 
Used as tracer of antibody 
binding

For the identification of 
particles:

- pleomorphic or not specific 
morphology 

- present in low amount
- hidden by materials 

causing visual other 
interference

PCVPCV--22

96
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““GoldGold--labelling in suspension methodlabelling in suspension method”” 
(modified from Kjeldsberg, 1986 and Hopley, 1985)

37°C for 1 hr
in humid atmosphere

1)

50 l
Tested samples

Freezing and 
thawing cycles

Double 
centrifugation 

for clarification

37°C for 1 hr
in humid atmosphere

2)
Gold-conjugated 10 nm

(Anti-mouse-gold
Protein A-gold)

dilution 1:5-1:40 in TB 
+ 0.05% Tween 20 

+ 0.1% BSA

50 l Steps

3), 4), 5)

50 l
Primary antiserum
(MAb or polyclonal))

diluted 1:40 in
Tris 0.02M (TB) + 

0.1% BSA
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PRRSVCDV

BetanodavirusRHDV
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Sampling indicationsSampling indications

Samples should :
– always accompanied by full anamnestic data 
– accurate and finalised to the diagnostic suspect
– taken just at the outcome of the first clinical signs 

(fever?)
– protected  by phisical-chemical damages (high 

temperature, low or high pH values, exposition to 
disinfectants, sunlight, drying)

– maintained at frozen T°C
– conferred to the laboratory in the shortest time

99
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False negative resultsFalse negative results

Morphological modifications due to:


 
sampling mistakes


 

incorrect conservation of samples 


 
animals sampled during chronic phase 


 

virions aggregated by Ab and destroyed


 
subjectivity of examinations 


 

ability and experience of the operator

Lacking of anamnestic data:


 
that hampers the application of IEM methods
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Conclusions (1)Conclusions (1)

In fact, they permit to detect 
not cultivable virions and multiple viral infection 

in a very short time

In addition, thanks to 
the undirected “open view” of conventional TEM 

and its “catch all” property,
new, emerging or elusive viruses

may be identified

From our practical experience...............
……..nsEM methods and particularly IEM can be 
usefully employed for the diagnosis of viruses 
in animals
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Conclusions (2)Conclusions (2)

…..the results obtained by using nsEM as diagnostic 
methods may be the base for further studies on:

- antigenic and molecular characterization of viruses 
- pathogenesis of infections  
- epidemiology of diseases 

By looking at our publications…….
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ThanksThanks forfor youryour attentionattention
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