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Session Overview

• History of the cytomegalovirus

• Biology of the cytomegalovirus

• Medical importance of 

cytomegalovirus infections



Disclosures

• Grant support from Moderna 

vaccines



Cytomegalovirus: History



• Professor Hugo 

Ribbert (1855 – 1920)

• Bonn, Germany

• “Protozoal-type cells”

in autopsy of a stillborn 

infant in 1881

• Growth restricted, 

microcephalic babyProf. H. Ribbert
https://www.nli.org.il/en/a-topic/987007273250205171



• Jesionek and Kiolemenoglou
described similar cells as 
“protozoan like” cells in the 
lungs, kidneys and liver of an 
8-month fetus

• These appear to be the first 
descriptions of typical 
cytomegalic cells with 
intranuclear inclusions

• “Entamoeba mortinatalium”

Prof. Albert Jesionek
University of Munich

1870 – 1935
https://www.altmeyers.org/en/dermatology/jesionek

-albert-127665



• Ribbert H (1904) Ueber protozoenartige 

Zellen in der Niere eines syphilitischen 

Neugeborenen und in der Parotis von 

Kindern. Zbl All Pathol 15:945–948

• Jesionek A, Kiolemenoglou B (1904) Ueber 

einen Befund von protozoenartigen 

Gebilden in den Organen eines hereditar-

luetischen Foetus. Muenchner Med 

Wochenschr 51:1905–1907



https://onlinelibrary.wiley.com/doi/full/10.1111/cmi.12077

https://unsplash.com/s/photos/owl-eyes



In 1907, Lowenstein described enlarged cells with intranuclear
inclusions in parotid glands obtained from children less than 3
years of age.

Goodpasture (1921) noted that the inclusions appeared similar
to those from the skin lesions of patients with varicella and
herpes simplex infections. He proposed that the inclusions
were viral rather than parasitic, and suggested the term
“salivary gland virus” (SGV).

Cole (1926) next put the
Goodpasture hypothesis
to the test. He obtained
guinea pig salivary glands
that had the characteristic
inclusions and passed
them through a Berkefeld
filter. This was the first
suggestion of a “filterable
agent” (a virus) causing
disease.

https://www.alamy.com/stock-photo-advert-for-berkefeld-filter-clean-water-1901-131022909.html?imageid=67C7639F-
D600-4733-B39A-6DFB4C4E69AC&p=181734&pn=1&searchId=2bda0b25e9bc84f08192c5efef6d96d5&searchtype=0



https://www.nps.gov/articles/influenza-at-camp-sherman.htm
https://www.cdc.gov/flu/images/h1n1/3D_Influenza_transparent_key_pieslice_med.gif?_=40931?noicon

https://www.nps.gov/articles/influenza-at-camp-sherman.htm
https://www.cdc.gov/flu/images/h1n1/3D_Influenza_transparent_key_pieslice_med.gif?_=40931?noicon




Med Microbiol Immunol. 2008 Jun;197(2):65-73



PMID: 13889943, 1962



Cytomegalovirus: The Virus



Cytomegalovirus 
Has Co-Evolved 
with Humanity…





http://www.jaymedelrosario.com/the-8-known-common-names-for-herpes-viruses-that-can-infect-humans-are/



http://www.jaymedelrosario.com/the-8-known-common-names-for-herpes-viruses-that-can-infect-humans-are/







http://virology-online.com/viruses/hsv2.gif

http://virology-online.com/viruses/hsv2.gif


http://www.oculist.net/downaton502/prof/ebook/duanes/graphics/figures/v8/0890/001f.gif



https://www.researchgate.net/profile/Laura_Hertel/publication/262814826/figure/fig3/AS:272599649353762@1442004229927/Figure-2-CMV-entry-routes-CMV-
virions-can-enter-host-cells-by-fusion-of-the-envelope.png
http://jvi.asm.org/content/82/1/60/F10.large.jpg
http://www.pnas.org/content/104/50/20037.full.pdf

http://jvi.asm.org/content/82/1/60/F10.large.jpg


Schleiss and Plotkin, Vaccines, 6th Edition, 2012, Chapter 43



Cytomegalovirus Molecular 
Biology



http://cmr.asm.org/content/22/1/76/F1.large.jpg
http://www.mdpi.com/viruses/viruses-06-
01049/article_deploy/html/images/viruses-06-01049-
g001.png

What does “UL” and “US” 
refer to?

http://cmr.asm.org/content/22/1/76/F1.large.jpg


http://www.mdpi.com/1999-4915/6/3/1049/htm



CMV – Immune system evasion

Boeckh and Geballe, 2011, JCI



http://jvi.asm.org/content/81/12/6669/F1.expansion.html



http://www.cell.com/trends/microbiology/fulltext/S0966-842X(12)00081-9



Antiviral Therapy for Herpesviruses –
the 1980s…

• Viruses use cellular machinery to replicate.

• Antiviral therapy runs substantial risk of 
cytotoxicity, malignancy, teratogenesis.

• Therapies that interfere with the virus life 
cycle will also interfere with cellular 
physiology.







https://sites.google.com/site/hlth106/acyclovir/acyclovir







http://sites.utexas.edu/pharmacotherapy-rounds/files/2015/09/gordon11-01-13.pdf

http://sites.utexas.edu/pharmacotherapy-rounds/files/2015/09/gordon11-01-13.pdf
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Cytomegalovirus: Disease



Cytomegalovirus Disease

•Mononucleosis
•Transplant Patients
•HIV
•Congenital Infection
•Long-term Health Consequences?



2010s Dogma: Outside of Transplantation 
and Newborns, CMV is not a “Pathogen”

• An incidental finding.

• No short-term diseases attributable to 
CMV.

• No long-term disabilities or health 
consequences.

• No role for therapy/prevention.



http://www.healthline.com/health/mononucleosis#Overview1





Söderberg-Nauclér C.  J Intern Med.  2006;259:219-246.  

Does Cytomegalovirus Play a Causative Role in 
the Development of Various Inflammatory 

Diseases and Cancer?



Söderberg-Nauclér C.  J Intern Med.  2006;259:219-246.  





Congenital Cytomegalovirus 
Infection

• Most common congenital viral infection in 
developed world (1% of all deliveries)

• Most pregnant women have no symptoms that 
trigger concern about possibility of CMV

• Leading cause of sensorineural hearing loss and 
developmental delay

• Lack of awareness among women, obstetricians, 
primary care physicians and lay public



Congenital CMV Infection
• The most common infectious cause of 
neurodevelopmental abnormalities in the 
United States (seizures, CP, MR, SNHL)



Infectious Causes of Neurologic Damage 
in Infancy

0 2000 4000 6000 8000

CMV disease

Congenital rubella

H. influenzae
type B meningitis

Annualized Cases per Year (US) Pre-vaccine



Public Health Impact of Congenital 
CMV Infection in USA

Estimated

Number of live births 4,000,000
Rate of congenital HCMV infection            1/100
Number of infected infants 40,000
Symptomatic at birth (10%) 4,000

Fatal disease (10%)                         40
Sequelae (60%) 2,400

Asymptomatic at birth (90%) 36,000
Sequelae (10%) 3,600

Total number with sequelae 6,000





Newborn Screening for CMV– the 
2000s…

• Most infants with CMV will be normal.

• Screening raises undue anxiety in 
families.

• Nothing can be done to improve the 
prognosis.

• Antiviral therapy will be too toxic.



Diagnosis: Mothers and Infants

• Antibody

• Antibody Avidity

• Culture

• Antigenemia

• Nucleic Acid (DNA) Detection

• Blood spots

• Urine

• Saliva

TORCH 
Titers



CMV Prevention– the 2010s Dogma…

• No measures are known to prevent 
acquisition.

• Immunity prior to pregnancy is protective.

• People won’t change behaviors.

• A vaccine is the only answer.





• CMV infection is neither 
preventable nor treatable...

• It is not certain that infections in 
pregnant women can be prevented 
by avoiding exposure...

• It is doubtful whether parents will 
comply with these behavioral 
measures in non-study settings...

• There is very little evidence for the 
efficacy of these strategies and 
even less for their practical 
implementation...

• The only effective prevention 
strategy relies upon the 
development of a vaccine...

• The quest for a CMV vaccine is 
also driven by the absence of good 
alternative strategies. Susceptible 
women can be identified by 
serologic testing before pregnancy, 
but avoiding CMV exposure is 
difficult, since women may have 
sexual partners with CMV infection 
or may be exposed to young 
children during the pregnancy 
(Arvin and Dekker)



The Case for Screening Newborns 
for Congenital CMV

• 10-15% of infants born with CMV will have 
neurodevelopmental sequelae

• Anti-viral treatments are available

• Therapy alters neurodevelopmental outcome in 
symptomatic infants

• Most infants who develop SNHL pass the 
newborn hearing screen
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