
Update on Human Adenoviruses

Don Seto
School of Systems Biology
George Mason University



•https://www.ncbi.nlm.nih.gov/genomes/GenomesGroup.cgi?taxid=10239&opt=Virus&sort=genome
•Phylo tree: https://www.techexplorist.com/pheromone-sensing-gene-predates-land-dwelling-vertebrates/17762/•ICTV 2022: https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9176265/

•Adenovirus figure adapted from Linda Stannard, Dept of Medical Microbiol, Univ of Cape Town

•Adenoviridae
•Ichtadenovirus (fish)
•Testadenovirus (reptile) 
•Siadenovirus (bird, amphibian, reptile)
•Aviadenovirus (bird)
•Atadenovirus (bird, reptile, mammal)
•Mastadenovirus (mammal)

•HAdV species, A-G
•(Non-human) SAdV species, A-I
•Other

What are adenoviruses?

•Non-enveloped, icosahedral, nucleocapsid virus containing a
       double-stranded linear DNA genome, ca. 24-46kb
•Hosted across (likely) all vertebrates



•https://www.ncbi.nlm.nih.gov/genomes/GenomesGroup.cgi?taxid=10239&opt=Virus&sort=genome
•Phylo tree: https://www.techexplorist.com/pheromone-sensing-gene-predates-land-dwelling-vertebrates/17762/•ICTV 2022: https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9176265/

•Adenovirus figure adapted from Linda Stannard, Dept of Medical Microbiol, Univ of Cape Town

•Adenoviridae
•Ichtadenovirus (fish)
•Testadenovirus (reptile) 
•Siadenovirus (bird, amphibian, reptile)
•Aviadenovirus (bird)
•Atadenovirus (bird, reptile, mammal)
•Mastadenovirus (mammal)

•HAdV species, A-G
•(Non-human) SAdV species, A-I
   -ChAdV, GoAdV, MaAdV, BaAdV
•Other

•Non-enveloped, icosahedral, nucleocapsid virus containing a
       double-stranded linear DNA genome; HAdV ca. 36kb

•PrimateAdV: Kang, J., et al. (2020). Genomics-based re-examination of the taxonomy and phylogeny of human
                                             and simian Mastadenoviruses: an evolving whole genomes approach... Cladistics 36:358

“PrAdV”

“Adenovirus lineage evolution”



•http://www.dailymotion.com/video/x1f26gz_bbc-our-secret-universe-the-hidden-life-of-the-cell-720p-hdtv_tech

•Respiratory tract
•Ocular tract
•Gastrointestinal tract (hepatitis)
•Genitourinary tract

•Metabolic pathway(s) (obesity)
•Cardiac tissue (carditis)
•Central Nervous System (encephalitis)

Human adenoviruses as pathogens

•Human pathogen
    => Symptoms range from none, mild to severe, latent; Highly contagious; Self-limiting

(Photo: BBC.Our.Secret.Universe.The.Hidden.Life.of.the.Cell.720p.HDTV)



Human adenoviruses, identification 
and characterization 1

(Yuan, X., et al. (2009). Vaccine 27:5103) (Reddy, V.S., et al. (2010). Sci 329:1071)

•Serotyping was based on hexon and fiber epitopes (pre-2007)
•Hexon- major capsid protein (83%) and epsilon epitope(s) (Serum neutralization)
•Fiber- cell tropism and gamma epitope (Hemagglutination)



Identification and characterization of novel HAdV
through genome sequencing

•Did not cross-react with SAdV-1 antiserum
•“..failed to replicate in high enough titers ...to be comprehensively typed by neutralization.”

•Not able to generate HAdV-52 antisera

(Reddy, V.S., et al. (2010). Sci 329:1071)



•Based on genome, penton base, hexon, and fiber
•100+ whole genomes in GenBank, 2011
•Consistent with previous serology-based data
•Data/names compatible with databases, other viruses

•Example- HAdV-53 is “Adenovirus D human/DEU/IAI-1/2005/53[P37H22F8]”

HAdV lineage evolution



•Based on genome, penton base, hexon, and fiber
•100+ whole genomes in GenBank, 2011
•Consistent with previous serology-based data
•Data/names compatible with databases, other viruses
•Recombinants constitute largest number of novel adenoviral pathogens

Paradigm shift:
“Recombinants as novel types” 

•Example- HAdV-53 is “Adenovirus D human/DEU/IAI-1/2005/53[P37H22F8]”



•Novel pathogen
•HAdV-22 is not a pathogen; HAdV-53 isolated from Epidemic Keratoconjunctivitis outbreak, 2006

versus-
•1) “It has an ‘Ad22’ hexon, so it is ‘Ad22’ (‘and we only care which vaccine to use’)”
•2) “Recombinant is not a new type (again- M. Benko, 2023): Parentals are known; One occurrence”

37 22 37 8??37

•Archived in Japan ‘since 1996; 3rd most common; type 53 was “misidentified” as Ad8, Ad22, or Ad37’
•Kaneko, et al., JCM (2011)

HAdV-53: “A new pathogen, a new type”  



•HAdV-53: Keratitis in a mouse cornea model
• =>“HAdV-22 is not an EKC pathogen”

Novel pathogen: in silico to in vivo



“…kidney ≠ lung”
HAdV-55 (not 11a): “Pathology matters!” not the hexon

•Re-emergent pathogen
•HAdV-55 isolated from Acute Respiratory Disease outbreak, Shanxi Province 2009



“Are adenoviruses potential pandemic pathogens?”

•Acute Respiratory Disease outbreak?
•2012: Public and social media- “SARS?” !

•Baoding, Hebei Province
•“Shops closed (‘for the first time, ever’)
  …(‘for beautification & repainting’)”
•PLA Hospital “removes civilian patients…”

•“‘truckloads’ of military patients
              quarantined, with ‘guards posted’”

•No official information; no comments

•https://www.theepochtimes.com/article/chinese-military-hospital-in-lockdown-over-suspected-sars-cases-1488411



SARS or ?

•Acute Respiratory Disease outbreak
•2012: ‘Please identify this virus.’

•Adenovirus figure adapted from Linda Stannard, Dept of Medical Microbiol, Univ of Cape Town

• ≈> HAdV-55, Shanxi Province 2009
•‘Can we publish this?’ –“No”

•2021 “retrospective” publication
•Morbidity and mortality?



“Are adenoviruses potential pandemic pathogens?”

•Acute Respiratory Disease outbreak(s)
             ca., 2022-2023; Public media

• =>Serotypes 3, 7, and 7/3
•Morbidity and mortality?

•https://www.asianscientist.com/2023/03/topnews/adenovirus-outbreak-has-infected-thousands-of-children-in-india/



•Acute Respiratory Disease outbreak(s)
             => HAdV-3 and two recombs
•2023-2024 “research” publications (three)

•Morbidity and mortality (last entry ID 3289)?

, or 3?: P7H7F3 and P7H3H3, and P7H3F3?

“Adenovirus lineage evolution”, Types 3 and 66 (7h?)



Community resource: Reference and standards

•2010, Rodney Brister (NCBI); http://hadvwg.gmu.edu => “There will be too many numbers!” –B. Harrach



•Not HAdV-114
•Wenjing Chen; Vision Medicals Center for Infectious Diseases, Guangzhou (China); Fall 2023

HAdV-116, species D as novel pathogen? -encephalitis 

=> Assigned to P7/H3/F3 (submitted with “novel” P7/H7/F3 (“HAdV-66”))
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“Bengal recombinant is highly similar to HAdV-66”

•Bengal 2023 is highly similar to HAdV-66, 1987 @98.1%
•Bengal 2023 is highly similar to HAdV-B7, 1997 
•Bengal 2023 and HAdV-66, 1987 similar to HAdV-7p, 1952 @95.8%
•….and similar to HAdV-3p, 1952 97.8%



“Recent recombination” ca, 1997

•Hexon is highly similar to HAdV-66, 1987, and HAdV-B7, 1997 vs HAdV-7p, 1952 



“Recent recombination”, but not HAdV-66 exactly!

•Hexon is highly similar to HAdV-3p, 1952 (black, orange, blue boxes), and
•But to HAdV-66 (1987), HAdV-B7 (1997), HAdV-7p, 1952 (red, green boxes)
• => intra-hexon recombination?


