How were viruses discovered, identified, and characterized
using classical technique?
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We know about diseases before knowing the causative agents.
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Pre-historic viral diseases: Smallpox, polio, rabies


http://www.asia.si.edu/collections/singleObject.cfm?ObjectNumber=F1953.91

Tobacco mosaic virus (TMV), once a serious disease of burley, rarely occurs in fields now since many varieties have excellent resistance.
The most notable symptom of this disease is the mosaic of dark and light green areas on foliage. TMV is easily transmitted from plant to
plant by mechanical means (e.g., worker's hands, cultivation, etc.). (Photo: Kenneth Seebold)

Tobacco mosaic virus, the first known virus, was discovered in

1892 by Ivanofsky and Beijerinck.
Virus (ia1) means poison or slimy liquid in Latin.

The virus particles were seen by electron microscopy in 1930s.
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Methods of virus discovery

*Viral isolation and identification
* Electron microscopy

* Histo/cytopathology

* Nucleotide sequencing

* Seroarcheology

*Virus recovering




SARS coronavirus-1
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Discovery of SARS coronavirus 2003

- ldentify by immunofluorescence staining
with antiserum against animal coronavirus
RT-PCR using ORF 1b (pol) primers
Nucleotide sequencing of PCR products of
405 nucleotides in length

The virus isolate was used to prepare

antigens for antibody testing by
indirect IF and ELISA
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CPE f Vero E6 inoculated
with respiratory sample

Ksiazek, et al.
N Eng J Med 10 Apr 2003

Morphology and size of virus particles
in culture fluid are suggestive of
coronavirus.
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Influenza virus discovery
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Influenza pandemics

Virus isolation since 1933
Asian flu H2N2 in 1957 (mortality 0.02-0.05%)

Hong Kong flu H3N2 in 1968 (mortality 0.03%)
Pandemic A/H1IN1 in 2009 (mortality 0.001-0.007%)

Seroarchaeology ‘lj\::' '\.
1889-1898 Asiatic (Russian) flu A(H2N2) = i =
7 —-—'v ==
1899-1917 A/H3N8 T, 40 b
. . . ///;l \\\\\\
Spanish flu HIN1 in 1918 (mortality 1-3%) Biime2ts

Fields Virology. Third edition. Lippincott
Williams and Wilkins, Philadelphia




Spanish flu, the pandemic of legend

Spanish flu (Feb 1918- Apr 1920), the mother of all pandemics.
It was the most virulent pandemic flu in human history.

It did not originate in Asia, not in Spain, but probably in Kansas, U.S.
It was the ancestor of swine flu virus.- human to pig transmission?
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Recovering the Spanish flu virus
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Hultin at the Brevig Mission gravesite
in 1997, 46 yrs after his attempt to

rescue viruses.




- Peter Palese LA Adolfo Garcia-Sastre, Mount Sinai School of
Medicine, NYC ¥1n138319 complete recombinant plasmids lag)
1 reverse genetics technique

- Tumpey at CDC recovered the virus in July-August 2005 11 BSL3

enhanced laboratory

A/Brevig Mission/1/18 (H1N1)

The 1918 virus
C. Goldsmith. CDC Public Health Library



Spanish flu virus, the mother of all pandemics
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Avian influenza or bird flu (lduaun)
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Discovery of H5N1 HPAI virus in Thailand in December 2002

Endotracheal cell smears from chicken stained with flu A Ab

Siriraj Virology Lab



Influenza A (H3)
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Conventional RT-PCR for H5

Using WHO primers for 1997 virus

H5N1
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Epithelial cells from NP wash of the patient stained with FIuA Ab

- AY075030
: AY075027
: AF098545
: AF216737
:AF216721
: AY075033

Discovery of the first H5N1 patient at Siriraj Hospital

(The second case of Thailand), January 2003



Laboratory investigation of the last H5N1 Al case of Thailand, &%’
Jul-Aug 2006

* RT-PCR yielded negative results using respiratory samples
from this patient for about 9 times. The patient received
oseltamivir treatment 2 days before specimen collection.

* H5N1 Al was laboratory confirmed in specimens collected at
autopsy.



Discovery of the last H5N1 Al case of Thailand by indirect IF staining
of autopsy tissues using fluA MAb

Trachea




Conclusion to discovery of the last H5N1 Al case

* RT-PCR yielded inconclusive results of all organ tissues investigated.
* Neutralizing antibody titers < 10 in paired blood
* Positive IF staining for nucleoprotein Ag of flu A

e Of all autopsy tissues investigated, the virus isolates were obtained
from only 3 kinds of clinical specimens

A/Thailand/NBL1/2006-L from lung

A/Thailand/NBL1/2006-T from trachea
A/Thailand/NBL1/2006-F from intestinal fecal specimen

 Complete genome sequences of the virus isolates by Sanger method,
and of paraffin embedded tissues by NGS



3 Pandemic H1N1 2009 Death
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RT-PCR result of the first imported case of pandemic flu A (H1N1) 2009
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Electron microscopy: A tool for discovery of uncultivable viruses

* Rotavirus: The virus particles were detected in cytoplasm of
intestinal epithelial cells from a biopsied tissue of a child by Ruth
Bishop, et al. in 1973.

* Human papillomavirus was first identified in 1949 by Strauss et al,,
bur zur Hausen used DNA cloning technique to discover the
association of HPV with cervical cancer.



Virus characterization

* Host-range

* Appearance of cytopathic effect, growth rate

* Cytopathology, pathogenesis

* Other biological properties: hemagglutination/hemagglutination
* Plague formation: morphology, size

* Enveloped/non-enveloped

* Genome: DNA or RNA, linear, segmented, length

* Antigenic, serotypic/genotypic characterization

* Virulence markers

e Antiviral drug susceptibility



Can “Next Generation Sequencing” replace virus isolation method?



Taxonomic Level

Suffix

Realm -viria
Subrealm -vira
Kingdom -virae
Subkingdom -virites
Phylum -viricota
Subphylum -viricotina
Class -viricetes
Subclass -viricetidae
Order -virales
Suborder -virineae
Family -viridae
Subfamily -virinae
Genus -virus
Subgenus -virus

Virus taxonomy

realm (6)
subrealm (0)
kingdom (10)
subkingdom (0)
phylum (17)
subphylum (2)
class (40)
subclass (0)
order (72)
suborder (8)
family (264)
subfamily {(182)
genus (2,818)
subgenus (84)
species (11,273)

Siddel, et al. J Gen Virol 2023: 104, issue 5.
https://doi.org/10.1099/jgv.0.001840
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