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Cumulative confirmed deaths from COVID-19 

Global Impact of COVID-19 pandemic (WHO data)



Daily Deaths

Daily New cases

Changing dynamics of the COVID-19 pandemic (global)
impact of virus evolution, non-pharmaceutical interventions and vaccines



in ICU 
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Lockdowns

Vaccination

Ireland’s response to COVID-19:
Interventions to prevent severe COVID-19 



COVID-19 in Ireland (HSE/HPSC data)

Total cases                                                  Hospitalized cases                                          Deaths 

>1,750,000 cases    >73,000 hospitalized         9,789 deaths (to 01/25)



SARS-CoV-2 Infection                               COVID-19 Disease (pre-omricon)

COVID-19 disease
Caused by infection with SARS-CoV-2

>50% infections are asymptomatic

• Early variants: 20% Hospitalized: 2% ICU, 0.5-1% deaths

• Omricon:  1% Hospitalized: <0.2% ICU, 0.06% deaths     

• Risks factors: >70 yrs and underlying medical conditions

➢obesity, type 2 diabetes, cardiovascular disease

Can transmit the virus to others -
who may get COVID-19 disease



Mild/asymptomatic 
infection

Severe 
infection

Mainly upper 
respiratory tract Limited 
damage to lungs

Antibodies ↓ infection; 
Immune cells (NK and T 
cells) clear the 
infection

High virus load

Over-active immune
responses
 
Lung and systemic
inflammation and 
cytokine storms

Thrombosis &                        
pulmonary embolisms

Organ damage

Neurological 
complications can 
occur, including:
encephalopathy/ 
encephalitis,
neurocognitive issues.

Immune / inflammatory response to SARS-CoV2 infection



Immunology-based and other treatments for COVID-19
Monoclonal antibody therapy:

➢  Can prevents infection or reduce viral load early in infection

➢ Xevudy (Sotrovimab; GSK) REGEN-COV (Casirivimab + Imdevimab; Regeneron)

➢ Variants escape the effects of most of commercial antibodies

 

Anti-viral drugs: 
➢Pfizer’s Paxlovid, Merck’s Molnupiravir and Gilead’s Remdesivir reduces viral load early 

in infection, less effective against advanced disease, 

➢Only for high-risk individuals, available in Ireland from April 2022

Anti-inflammatory drugs: 

 X Chloroquine, Anti-IL-6 (e.g. tocilizumab), IL-1 blockers (e.g. anakinra)  

 √ Dexamethasone, can reduce lethal inflammation  

Anticoagulant/antithrombotic drugs

 e.g. heparin, can prevent thromboembolic events



Spike (S) protein

COVID-19 Vaccines 

• Helped to control COVID-19 pandemic 

• Ideally should prevent SARS-CoV-2 infection and COVID-19 disease

New York Times Coronavirus Vaccine tracker, Aug  2022

SARS-CoV-2



COVID-19 vaccines developed in 1/10 time of a typical vaccine



Image adapted from Gorry et al Retrovirology 4, 66 (2007)

Polio, Flu
Rabies 

Vaccines types

MMR, Polio, TB, 
Flu, Rotavirus, 
Herpes

DTaP, HepB, HiB
Men-B, C, Pneumo
HPV, Flu

mRNA/DNA

Licensed
Vaccines 2020:               None (novel)                   Ebola (limited)                

Subunit             

COVID-19 vaccines Sinopharm/Wuhan 
Sinovac Biotech 
Sinopharm/Beijing
Bharat, India
Chinese Acad. Med Sci
Valneva, France/UK

Novavax, US
Sanofi/GSK
Clover Bio, China 
Medicago, Canada
Anhui Zhifei Longcom
Vaxine, Australia
CSL, Australia

Moderna 
BioNTech / Pfizer
CureVac, Germany
Cadila, India (DNA)
AnGes / Osaka Univ
Arcturus / Duke Univ

Oxford / Astra Zeneca
Janssen/J&J 
CanSino Bio, China
Gamaleya Res Inst Russia

https://retrovirology.biomedcentral.com/


Deaths averted by 
Covid-19 vaccines

Deaths w/o vaccination

Excess mortality

COVID-19 vaccines prevented an estimated 14.4 
million deaths from COVID‐19 (19m including 
excess deaths) in first year of use.

J Paediatr Child Health. 2022 Sep 20 : 10.1111/jpc.16213.

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9537923/


New cases / day 

Deaths / week

March          June             Sept             Dec                March          June            Sept              Dec     March          June              Sept            Dec              March

     2020                                                   2021                                                        2022      2023

COVID-19 Cases and deaths in Ireland – impact of vaccination

COVID-19 vaccine 
Introduced



USA April 21 – Jan 22

Cases

Deaths

COVID-19 vaccines prevent severe disease 
but not infection with SARS-CoV-2

64% reduction

Pfizer vaccine Israel 2021

33% reduction



Emergence of SARS-CoV-2 variants 

Omicron/Omicron variants
• Less pathogenic than delta or   

previous variants
• More transmissible  
• Evades immunity induced by pre-

omicron infections or vaccination
November 2023
Dominant circulating strain: EG.5 (Eris)
BA2.86 variant (Pirola), 30 new mutations. 

Spike protein



Antigenic variation in SARS-CoV2 and impact on vaccine-induced neutralizing antibodies

Recent SARS-COV-2 evolution for Ireland (data from NDSC) 



Waning immunity induced by vaccines, 
especially as new SARS-CoV-2 variants emerge  

Qatar study NEJM Feb 2022
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Bar-On et al NEJM April 6, 2022. 

A fourth dose of Pfizer-BioNTech vaccine confers short-lived 
protection against infection with omicron, but more 
prolonged protection against severe disease



“Novavax’s COVID-19 protein vaccine, eliciting durable antibody titers, and 
may perform better than mRNA vaccines as yearly SARS-CoV-2 boosters.”

npj Vaccines (2024) 17





Janssen / J&J (Mercado et al Nature, 22 Oct 2020)

 

Pfizer – BioNtech (Vogel et al BioRxiv 8 Sept 2020)

 

Moderna (N Eng J Med 383, 16, Oct 2020)
Oxford –AstraZeneca (Van Doremalen et al Nature 586, 578 (2020)

Current COVID-19 vaccine fail to induce sterilizing immunity 
in nasal mucosa – evidence from non-human primate studies

Nasal swab



COVID-19 vaccines mediated immunity to SARS-CoV-2 
via a combination of antibodies and T cells

Death of 
infected cells

Antibodies

Long-term immunity:
mediated by tissue-resident 

memory T (TRM) cells and 
memory B cells

CD8 cytotoxic 
T cell

CD4 T cell help

Virus neutralizing 
antibodies



Next generation Vaccines against respiratory pathogens

Schmitt --- Mills. Current Opinion in Immunology 2023, Oct:84:102355.

Th1

Thn

Dendritic 
cell

Th17

IL-1 + IL-23IL-12

TLR2 STING

C-di-GMP/
2’3’cGMPLP1569

SARS-CoV-2 Spike
Recombinant protein

+LP-GMP

Candidate nasal COVID-19 vaccine



Immunization with S trimer + LP-GMP by i.n. or i.m/i.n. 
 route induces S-specific neutralizing IgG and respiratory IgA

1. PBS
2. S + LP-GMP i.n. + i.n.
3. S + LP-GMP i.n. + i.m.
4. S + LP-GMP i.m. + i.m. 

Prime i.n./i.m Boost i.n./i.m.

Day 0                                                                  21                                    35

Immune responses

PBS   i.n.  i.m.  i.m
          i.n.  i.n.   i.m. 

Serum Neut Abs Nasal IgA

PBS   i.n.  i.m.  i.m
          i.n.  i.n.   i.m. 

PBS   i.n.  i.m.  i.m
          i.n.  i.n.   i.m. 

Nasal tissue TRM cells
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• Rapid vaccine development against “new” pathogens
• Tackling tough pathogens

➢MRSA, HIV, CMV, TB, universal flu mRNA vaccines
• mRNA vaccine against cancer
• Genome editing: long lasting mRNA to correct rare 

diseases
➢Cystic fibrosis, Muscular dystrophy, Huntington’s 

disease, Haemophilia, Cancers

Impact of mRNA technology on vaccine/treatments for other diseases 



Long COVID 

Possible mechanismsSigns and Symptoms

Brodin Nature Medicine 28, 879–882 (2022) Serapide J Clin Med 2024,13(23):7124.

https://www.nature.com/nm


https://doi.org/10.1002/mef2.70004

LONG COVID – Risk factors

https://doi.org/10.1002/mef2.70004


Study on large hospitalised cohort found: 
• Monocytic inflammation and complement activation in 

those with continued symptoms 6 mo after COVID-19
• Distinctive inflammatory patterns in those with cognitive 

impairment and GI symptoms. 
• Prolonged symptoms arise from different causes 
• Therapeutic trials need to take this diversity into 

account. 

----



HC: Health controls
CC: Convalescent controls
LC: Long Covid

Symptom prevalence

Anti-S1 Abs
Cortisol

Non-conventional monocytes

Immunological features

Anti-EBV p23 Abs

activated



Endotracheal 
aspirates  

Reactivation of the Human Virome Correlated with Changes in 
Inflammatory Cytokines and Chemokines

Chronic Viral Reactivation and Associated Host Immune Response and 
Clinical Outcomes in Acute COVID-19 and Post-Acute Sequelae of COVID-19



Increased leakiness 
of blood vessels in 
temporal lobe 
region of brain



Treatments for Long Covid?

Hospital admission Long Covid



The Monetary cost of COVID-19 pandemic: >$16 trillion in lost output and public health expenditure

Lessons from the COVID-19 Pandemic: 
we need to be ready for disease-X
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