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Overview 

•  Burden of influenza and risk groups 
•  Clinical presentation, diagnosis and 

treatment 
•  Influenza the virus 
•  Currently available influenza vaccines 
•  Vaccine production 
•  Vaccine efficacy and effectiveness 
•  Challenges and new approaches 



BURDEN OF INFLUENZA AND 
RISK GROUPS  



Burden of influenza 
•  Annually globally seasonal influenza  

–  1 billion infections 
–  3-5 million cases of severe disease 
–  300,000-500,000 deaths 
–  Large season-to-season variation 

•  In South Africa, annually 
–  17,000-22,000 respiratory hospitalisations 
–  2500-5700 respiratory deaths 

•  Pandemic burden varies 
–  1918-1919 – 50-100 million deaths 
–  2009 pandemic approximately 200,000 deaths 

Tempia et al CID 2014, Kyelagire, Cohen et al Submitted 



Nair et al., Lancet (2011), Vol. 378 

The global burden of respiratory infections due to seasonal influenza in young 
children: a systematic review and meta-analysis 

Location of the 43 studies by region 

>90% of influenza hospitalisations & deaths globally in developing countries 



Groups at highest risk of severe 
influenza 

•  Highest hospitalisation rates: 
– ≥65 years 
– Children <5 years 

•  In a pandemic deaths shift to young and 
middle-aged adults increasing years of life 
lost 

•  Underlying conditions  
– Pulmonary, cardiac, renal, hepatic, metabolic, 

haematologic, neurologic, neuromuscular, 
immunosuppresion, morbid obesity 



Patients with influenza-associated acute lower respiratory-tract 
infection (ALRI), South Africa, 2009-2011 

HIV prevalence by age group 

Incidence by HIV status and age group 

51% HIV 
infected 

HIV-infected individuals have 
• 3-6 times higher incidence of 
hospitalisation 
• 6 times greater odds of death 
once hospitalised  

Cohen et al Emerging Infectious Diseases 2014 



•  Pregnant women (up to 2 
weeks post-partum) 

•  Children 6-59 months 
•  Elderly 
•  Chronic medical 

conditions 

•  Health care workers 
Previously healthy people can also develop severe 
influenza.  
Vaccination can reduce absenteeism and costs 



CLINICAL PRESENTATION, 
DIAGNOSIS AND TREATMENT 



Clinical presentation 
•  Incubation 1-3 days 
•  Sudden onset fever, cough, headache, sore 

throat, rhinorrhoea, nasal congestion, muscle 
aches 

•  Duration of symptoms – 3-5 days 
•  Diarrhoea and abdominal pain may occur in 

children 
•  Signs and symptoms vary with age and 

underlying illness 
•  Not be easily distinguished from other 

respiratory viral infections 



Complications of influenza 
•  Exacerbation of 

chronic conditions eg 
asthma, COPD, CCF 

•  Viral pneumonia -> 
can trigger cytokine 
disregulation -> acute 
lung injury and 
fulminant respiratory 
failure, shock and 
multiorgan failure 

•  Bacterial pneumonia 

•  Myocarditis 
•  Pericarditis 
•  Croup 
•  Bronchiolitis 
•  Tracheitis 
•  Myositis 
•  Rhabdomyolisis 
•  Encephalopathy 
•  Encephalitis 



Influenza is highly seasonal in 
temperate countries 



Diagnosis and treatment 
•  Diagnosis  

– Polymerase chain reaction of respiratory 
specimens (culture, antigen testing, serology – 
less useful) 

– Rapid tests lack sensitivity 
•  Treatment 

–  Influenza-specific antiviral agents 
– Oseltamivir (& Zanamivir) 
– Must start in 1st 48 hours based in clinical 

suspicion 
–  Indicated for severe illness or underlying risk 

conditions 
– Seldom utilised in Africa 



INFLUENZA THE VIRUS 



The influenza virus 
•  First isolated from humans 

in 1933 
•  8 single stranded RNA 

segments encoding 11 
proteins 

•  3 types: A, B & C 
•  A and B cause annual 

epidemics 
•  Error-prone polymerase -> 

mutations in antigenic 
heamaglutinin and 
neuraminidase 

•  Antigenic shift and drift 
•  Annual updates to vaccine 
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Emergence of pandemic strains 
•  Direct interspecies transmission OR 
•  Molecular exchange between influenza 

viruses infecting humans 
•  Segmented genome -> coinfection of single 

cell with 2 viruses -> reassortment (antigenic 
shift) 

•  Can cause pandemic if resulting virus has HA 
to which no pre-existing  immunity and 
capable of human-human spread 

•  2009 pandemic relatively mild 
•  Strains like H5N1 highly virulent and potential 

for future outbreaks 



Timeline of major events in influenza vaccine 
development 

Clinical Microbiology Reviews, 2013, 26(3):476 Wong et al 



CURRENTLY AVAILABLE 
INFLUENZA VACCINES 



Trivalent inactivated influenza 
vaccine (TIV) 

•  Trivalent 
–  A H3N2 
–  A H1N1 
–  B – 2 lineages Yamagata and  Victoria 

•  3 Major formulations 
1.  Inactivated whole virus - reactogenic 
2.  Split product – detergent dissociate envelope 
3.  Subunit – HA further enriched 

•  Antibodies against heamaglutinin (HA) 
•  Contain 15µg HA per strain (45µg total)  
•  Delivered IM 
•  2 doses 4 weeks apart in children (6m-8y) 
•  1 dose >9y 



Limitations of TIV 

•  Need for annual updates 
•  Available vaccines only modest protection 

– Lower effectiveness in young children 
– Elderly 
– Risk groups 

•  No RCT of TIV efficacy in age 2-17 years 
OR elderly 

Osterholm, Lancet infectious diseases, 2012 



Live inactivated influenza 
vaccines 

•  Create vaccine which mimics natural infection 
•  Induce cellular and humoral immunity 
•  Temperature sensitive phenotype 

– Grow at 25°C (nasal passage) and not at 35°C 
(respiratory tract) 

•  Stable, immunogenic, non-transmissable 
•  New HA and NA genes inserted through 

reverse genetics each year 
•  Delivery intranasal 
•  Longer lasting Abs than TIV 
•  Effective in children 2-7 years 



Generation of live influenza 
vaccines 



TIV vs LAIV 
LAIV consistently higher protection in 2-7 

years compared to TIV Osterholm, Lancet infectious diseases, 2012 

TIV 

LAIV 



Limitations of live attenuated 
influenza vaccine 

•  Need approval for all ages (only indicated 
healthy persons 2-49 years) 

•  Formulations which can be administered 
without special nasal spray device eg. 
drops 

•  Not recommended for 
immunocompromised or those in contact 
with 

•  May not work for zoonotic strains (don’t 
replicate in human upper respiratory tract) 



Quadrivalent influenza vaccine 

•  Contains additional B lineage 
•  Available since 2014 

– Europe and USA 
– Not available in South Africa 

•  Immunogenicity and safety similar to TIV 
•  Available as inactivated and live 

formulations 
•  More costly than trivalent formulations 



INFLUENZA VACCINE 
PRODUCTION 





GISN: Vaccine 
formulation 

•  Meetings: 2 Formal Annual meetings per year in Geneva: 
•  February: formulation of the Northern hemisphere

 vaccine 
•  September:  formulation of the Southern hemisphere

 vaccine 

•  new recommendations for vaccines formulations for northern
 and southern hemisphere annual vaccination to vaccine
 manufacturers,  

•  Two informal Consultation for Improving Influenza
 Vaccine Virus Selection, (July and December 2011)  
•  exploration and potential application of new approaches

 and technologies 



Process of vaccine production 
•  Strains selected 
•  Vaccine reference strains developed (hybrid 

viruses with egg-growing lab strain) – weeks 
•  If low yield then further egg adaption needed 

(serial passage) 
•  Amplify virus in hundreds of millions of 

embroyonated chicken eggs (each 
individually inoculated with each virus type) 

•  Inactivate and purify 
•  Formulate package and distribute 



Production timetable for influenza vaccine 
manufacture (Northern Hemisphere) 

Southern Hemisphere starts October each year 



Global distribution of influenza 
vaccine manufacturing capacity 

>80% of seasonal flu vaccine produced in 
2009-2010 from 7 large manufacturors in US, 
China, Canada, Australia, Europe, Russia 



Experiences in 2009 H1N1 
pandemic 

•  Successes 
–  Safe, immunogenic vaccine produced and distributed 

in 8 months 
•  Challenges 

–  Seasonal production already started when virus 
identified 

–  Uncertainty initially so continued seasonal flu vaccine 
production & begin separate pandemic production 

–  Compressed production timeline due to virus 
evolution 

–  Lower yields of HA protein 
–  Low public acceptance of vaccination 
–  Most doses available after peak 

•  Immune response challenges with pandemic 
vaccine (avian) 



2009 pandemic influenza A vaccine 
distribution in Africa 

•  WHO-USAID 
•  32.2 million 

donated doses 
•  34 countries 
•  64% 

administered 
•  Coverage 4% 

(0.4-11%) 
•  Most distributed 

after the peak  
•  Average delay 

261 days - letter 
of intent to 
implementation Mihigo et al JID 2012, Schoub et al Vaccine 2013 



VACCINE EFFICACY AND 
EFFECTIVENESS 



Influenza vaccine effectiveness 

•  Influenza vaccines 15-89% effective in 
healthy adults 

•  Factors affecting vaccine effectiveness: 
– Recipient 

•  Age 
•  Immune response 

– Match between circulating and vaccine virus 
strains 



How effective are influenza 
vaccines in the elderly? 

•  Only one RCT – 58% VE, serologic 
endpoint -> overestimate VE 

•  No RCT with PCR-confirmed endpoint 
•  Mortality impact of large-scale vaccine 

programmes in the elderly limited (+-5%) 



•  VE of TIV in children 
suboptimal 

•  VE 86% adjuvanted 
•  VE 43% without 

adjuvant 
•  Adjuvant slightly more 

reactogenic in older 
ages 



CHALLENGES FOR 
INFLUENZA VACCINES AND 
NEW APPROACHES 



Challenges for influenza 
vaccines 

•  Vaccines provide sub-optimal protection in 
groups at highest risk (elderly, very young, 
underlying illness) 

•  Need for annual revaccination 
– Waning protection 
– Antigenic drift 

•  Challenges in vaccine production and 
distribution 
– Complex manufacturing processes 
– Compressed production timelines 

•  Equity issues 



What is needed? 
•  Need for  

–  More effective vaccines 
–  More rapid, efficient and reliable vaccine production 

technology 
–  More surge capacity in the event of a pandemic 

•  Strategies to improve effectiveness 
–  New vaccines 

•  Adjuvants 
•  New targets – universal vaccines 

–  Strategies to optimise indirect protection 
•  Maternal vaccination 
•  Vaccinate healthcare workers 
•  Vaccinate school children 

•  Multiple efforts underway to address this 



Priorities for overcoming rate 
limiting steps in vaccine production 
•  Wider implementation of technologies 

such as reverse genetics to generate 
reference strains optimised to grow well in 
eggs 

•  New methods to accelerate potency and 
sterility testing – shorten time from strain 
development to vaccine release 

•  Preservative free multidose vials 
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Safety considerations 

•  Seasonal influenza vaccines generally 
safe 

•  Vaccines safe in pregnant women 
although most manufacturers state safety 
not proven 

•  1976 Swine flu outbreak in US, GBS 
association, still unclear whether real 

•  2009 H1N1 narcolepsy in Sweden, 
Finland, Iceland 



Conclusion 
•  Influenza of public health importance 

– Seasonal and pandemic burden 
•  Vaccines are the best way to prevent 

influenza 
•  BUT reduced effectiveness in risk groups 
•  And production challenges  
•  Enormous efforts to address this 
•  Need to promote influenza vaccination in 

Africa and rapidly take on new technologies 
as they become available 

•  Indirect protection may be useful 



QUESTIONS 





Immune response 

•  Protection from natural infection 
– HA-specific antibodies (serum & mucosa) 
– Antibodies against NA, conserved proteins 
– T cell responses correlate with reduced 

disease severity 



Vaccines for influenza 
•  Vaccination is the primary strategy for 

influenza prevention and control 
•  First population scale use in US military in 

1945 
•  Vaccine effectiveness affected by: 

– Antigenic match to circulating virus 
– Recipient age 
– Recipient health status 

•  More effective vaccines needed 
– Elderly, children, underlying illness 



Seasonal influenza vaccines 

•  Trivalent 
– A H3N2 
– A H1N1 
– B – 2 lineages Yamagata and  

•  Strains selected 6 months before the 
season 

•  WHO meeting 
•  Best guess of strains for next year 
•  Other factors e.g. Growth in eggs 



Process of vaccine production 
•  Strains selected 
•  Vaccine reference strains developed (hybrid 

viruses with egg-growing lab strain) – weeks 
•  If low yield then further egg adaption needed 

(serial passage) 
•  Amplify virus in hundreds of millions of 

embroyonated chicken eggs (each 
individually inoculated with each virus type) 

•  Inactivate and purify 
•  Formulate package and distribute 




