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Outline Part 1

A. Virology
1. Advantages of using EM in diagnostic virology
2. Limitations of using EM in diagnostic virology
3. Workarounds

4. Virus structure
a. In negative stains
b. In thin sections



Outline Part 1

B. Other organisms
Bacteriology
Mycology
Photology (algae)
Protozoology
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Questions/Discussion



Outline Part 2

C. Virus look-alikes
1. Examples of confusing things in fluids

2. Examples of cell organelles that resemble
viruses in tissues



Outline Part 2

D. Real cases

1. Examples of organisms diagnosed from patients
2. Quiz for fun
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Advantages of EM in Virus Diagnosis/ldentification

Fast

Does not require living organisms

Does not require special reagents (antibodies, nucleic
acid standards, protein standards)

Can visualize other organisms: odd agents, odd
locations

Works when other modalities are not enough
(mutant genomes may not react in PCRs)

No false positive results (cross-reactions with similar
things)

What you see is the real thing



Limitations of EM in Virus Diagnosis/Identification

* Less sensitive than some other tests
* Requires expensive instruments (EM)
* Requires virology knowledge



Ways To Get Around Limitations

Ultracentrifugation

Antibody concentration

Confocal microscopy of wet tissue slabs

Multiple tissue locations

Semi-thin sections of epoxy-embedded tissues
Where to look in tissues: inflammation, nucleated
cells, necrosis edge, unusual ultrastructure for the
tissue type), syncytia



Virus Terminology
Naked Enveloped

Capsid _>,

Nucleocapsid

Envelope

NA

Virion (complete virus)




Naked

Identification of Viruses in Fluids
Naked: Icosahedral

Enveloped: pleomorphic

30-35 nm

45-55 nm

REPRESENTATIVE VIRUSES VISUALIZED BY NEGATIVE STAINING
viruses

Enveloped 150-300 nm
viruses

"smooth"
surface

isometric

hucleocapsid
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Miller SE. 1991. In de la Maza LM, Peterson EM (eds), Medical Virology, Vol. 10. Irvine, CA. pp 21-54.



Identification of Viruses in Fluids, Con’t.
Enveloped: Not Pleomorphic

80 nm x 300 nm

complex
core

brick-
shaped

80 nm x 1400 nm

200 nm x 400 nm
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Negative Staining of Naked and Enveloped Viruses

ic Viruses

Enter Polyomavirus from Urine

2 v

Calicivirus



Negative Staining of Spherical
and Helical Nucleocapsids

virus

Herpesvirus Measlesvirus



Identification of Viruses in Tissues

Naked (lcosahedral) Enveloped (Pleomorphic)
3 size ranges Membrane-associated
Paracrystalline arrays “Smooth”

] ] Fringed

Location in cells Nucleocapsids

DNA--nucleus Spherical
Helical

RNA--cytoplasm

REPRESENTATIVE VIRUSES VISUALIZED BY THIN SECTIONING

haked viruses enveloped viruses

From: Miller, SE. 1991. Evaluation of
electron microscopic information available

Peterson (eds), Medical Virology 10. Plenum
Press, New York. pp. 21-54.

from clinical samples. In IM de la Maza and EM‘




DNA Viruses: Usually produced
in the nucleus



Nuclear Membrane
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Spherical Helical
Nucleocapsids

Herpesvirus

Measlesvirus




EM in Surveillance of Bioterrorism and
Emerging Diseases

Bioterrorism: the intentional
release or dissemination of
biological agents such as
bacteria, viruses, or toxins to
create disease and fear.




Laboratory Response Network (LRN)

Collaboration: FBI & Association of Public Health
Laboratories

Started: August, 1999

Includes: State & local public health labs,
veterinary, agriculture, military, environmental, &
water- & food-testing labs

Function: rapid testing, timely notification, &
secure results reporting from public health
emergencies (biological/chemical terrorism &
emerging diseases)



LRNs and Electron Microscopy

* About half the LRNs are paired with electron
microscopy laboratories.

 The Duke Electron Microscopy Service (DEMS) is
the EM partner of the NC State Public Health
Laboratory in the NC LRN.

o |If asked to process biohazard sample, read Dos
and Don’ts article.



References for Protocols:

Negative Staining Electron Microscopic Protocol for Rash lliness.
http://www.bt.cdc.gov/labissues/
Then click on title above.

Electron Microscopy for Rapid Diagnosis of Emerging Infectious
Agents.
http://wwwnc.cdc.gov/eid/article/9/3/02-0327 _article.htm

Bioterrorism and electron microscopic differentiation of
poxviruses from herpesviruses: dos and don'’ts.
Ultrastruc Pathol. 2003;27:133-140.

Modern uses of electron microscopy for detection of viruses.
Clin Microbiol Rev. 2009;0ct;22(4):552-63. doi: 10.1128/CMR.00027-09.
Review

Detection and identification of viruses by electron microscopy. J
Electron Microsc Tech 4:265-301;1986.


http://www.bt.cdc.gov/labissues/
http://wwwnc.cdc.gov/eid/article/9/3/02-0327_article.htm
http://wwwnc.cdc.gov/eid/article/9/3/02-0327_article.htm
http://wwwnc.cdc.gov/eid/article/9/3/02-0327_article.htm

Class A Viral Agents of Bioterrorism

Smallpox virus

e Easily disseminated

 Easily weaponized

 High mortality rate, survivors badly scarred

* Previously mass-produced

 Believed to have been distributed after USSR collapse

Hemorrhagic fever viruses
* Filoviruses (Marburg, Ebola)
 Arenaviruses (Lassa, Machupo)



Because of ID speed, EM is on the front line in
bioterrorism surveillance (e.g., smallpox).

Poxvirus lesions are most likely to be confused with varicella-zoster virus
(VzZV) (a herpesvirus) lesions.
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EM in Surveillance of Bioterrorism

Palmer E, Martin ML. CRC.
Parapoxvirus




Poxvirus




P A OIS TUN W Bs
S g Sos e
AR e e W e,
NN TR PO e L
AN ’E??" wlp -.

a i ¥t
] .J.-\. h

« ﬂ\ s
H

-

v, & P
- 4"} Yo ."‘ :ﬁ'v"' '

3 ; e
Mgy, ¥

Herpesvirus



EM in Surveillance of Emerging Diseases

Viral emerging diseases identified first by EM
 Parvovirus B-19

e Monkeypox

 SARS coronavirus

e Metapneumovirus

 Morbilivirus

 Nipah virus



EM was crucial in identifying the
coronavirus in the SARS outbreak.
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Costs (11/02 - 7/03):
774 Deaths, 9.6% fatality

China, Hong Kong, Taiwan, Canada)
$11 billion (Asia alone)

Staff members wearing double layers of surgical masks talk at 2 haspital in Guangzhou in southern China Th
Chinak disclosure of a sharply highe: desth toll from a new flu-lilke Suease has raised faart of 3 wider outbreal.

Screening urged for flu-like illness

Health agency

issues Ist warning

that disease might

be spread on planes
BY EMMA ROSS

Assccuted P

Adrlines flying out of a band-
Ful of cities hi hard by & mys-
tery disease should quéstion
passengers st chock-n desks
for signs of sickness, n ghhal
saleh agency said Thirsds
Tn it first wearning i
s the disease can be mread
h airplanes, the World Health
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shoald pat be

I the passengers are sick,
health warkers will be recom-
mending to the airline that they
not board the plane.” sdd Dr.
David Heymann, WHO's infec-
thous diseases chief.

The WHD advice — it can
only make recommendations o
governments — is directed at
Mightsleaving cities where the
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nam; Hoeg Kmn,‘imua hcl-
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A woman wears 2 protective mask as she rides a streetcar
near 5t. Michael’s Hospital in Toronto, Canada. Dectors
ordered Toronto haspitals closed to almost all visitors.

falben ill with SARS and 53 poo-
ple have died; that doesn't
include a death Thursday that
Hong Kong officisls were

reporting.

“The: United States has 51 sus-
pected cases, said Dr. Julic Ger-
berding, head of the U.5. Cen-
ters for Disease Control and
Prevention.
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outhreak
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thousands” suid Dr. Sheela Bos
rur, Toranio’s medical officer o
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Omtario health officials saic
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Thin Section of SARS Coronavirus

Courtesy of Cynthia Goldsmith, CDC, Atlanta.



EM was crucial in identifying the
monkeypox virus outbreak
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A giant Gambian rat (like the one shown above) likely has infected prairie dogs with
monkeypox disease. The illness has infected 33 people in Midwestern states.

Number of likely monkeypox
cases rises to 33 in Midwest

BY NICOLE ZIEGLER DIZON & gowns and masks. Other sus-
Associated Press F'o'l' the average pected victims were treated
CHICAGO — Federal health I:ltl!el'l, i W?l.ll.d an_?_}l::ler;:l.l:ed, et
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Midwestern states seidMonday ~ POINt Of being 12l the United States
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The Centers for Diseluasc Con- technology  is  far  more




Thin Section of Monkeypox
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Summary:
Identification of Viruses

* In fluids (negative stains)

O Naked icosahedral: size, surface structure

O Enveloped: size, surface structure of core/envelope
e In tissues (thin sections)

O Naked

O Enveloped (usually budding)
O Location: nucleus/cytoplasm
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