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H:  Hemagglutinin
Viral attachment to cell 
membranes; membrane fusion

At least 18 highly divergent, 
antigenically distinct HAs 
in influenza A viruses 
(H1 to H18) 
[H17 & H18 have thus far only been found in bats]

N:  Neuraminidase
Cleaves sialic acid from 
cell surface; released from 
membranes; prevents aggregation 

At least eleven distinct 
NAs (N1 to N11)

Mandell, Principles and Practice of Infectious Diseases

PLOS Pathogens https://doi.org/10.1371/journal.ppat.1010062  May 19, 2022

Influenza Virus Structure



Influenza

• Recurrent epidemics of febrile respiratory disease have occurred 
every 1 to 3 years for at least the past 400 years 

• Epidemics – “Seasonal Influenza” occur most years
From 2010 – 2018 in the U.S.1

• 4.3 – 23 million medical visits yearly
• 140,000 – 960,000 influenza-related excess hospitalizations yearly
• 12,000 – 79,000 annual deaths
• 90% of deaths in persons 65 and older2

• 37% of hospitalizations among persons younger than 652

• average annual total economic burden $11.2 billion3

2PLOS Medicine 2013; 10(11):e1001558 3Vaccine 2018;36(27):3960-39661Clinical Infectious Diseases 2019;68(6):e1–47

(a result of antigenic drift)



https://www.cdc.gov/flu/about/burden/index.html

Hospitalization
+ Death
= 2.14%

Hospitalization
+ Death
= 1.20%



CDC.gov accessed 1/14/24

Variation in Timing and Magnitude of Seasonal Influenza
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Peak Month of Flu Activity (nationwide)
1982-1983 through 2017-2018

MMWR 68(3):1-21, August 23, 2019



Influenza
• Pandemics – global epidemics, occur erratically2

• Pandemics occur when a ‘new’ influenza virus capable of human-to-
human transmission enters the population

• The first recorded pandemic that clearly fits the description of 
influenza occurred in 1580 

(32 pandemics have been recorded since – on average one every ~14 years)

• The worst pandemic in recorded history occurred in 1918-1919

Mandell, Principles and Practice of Infectious Diseases 2Emerging Infectious Diseases 12(1):15, 2006

World DeathsU.S. DeathsPandemic

284,00012,0002009 H1N1

1 Million34,0001968-69 H3N2 “Hong Kong Flu”

2 Million70,0001957-58 H2N2 “Asian Flu”

20-50 Million>550,0001918-19 H1N1 “Spanish Flu” U.S. population was 
~1/3 of current #

(a result of antigenic shift)



Pandemic Influenza A Strains Become 
the Seasonal Influenza Strains

Historical circulation of influenza viruses in the last century

Nature Communications (2022) 13:1721



Seasonal Influenza
In recent years, two dominant strains of Influenza A and two strains of Influenza B have circulated.

The proportions of these vary year by year and vary throughout an epidemic.

CDC.gov

A H1N1

WHO.int
It appears that as an indirect result of the COVID-19 pandemic,
Influenza B Yamagata may have become extinct



Clinical Aspects of Influenza



Seasonal Influenza Clinical Course
• Incubation period 1 – 2 days
• Sudden onset of:

• Fever, usually lasts 3 days, up to 8
• Chills, Body aches, Sore throat
• Non-productive cough, Runny nose, Headache
• Emesis and diarrhea (more common in children)

• Viral pneumonia uncommon
• Low death rate except in the elderly
• High attack rate in those living in close proximity

J Infect Dis 2010 May; 201(10): 1509–1516



J Infect Dis 2010 May; 201(10): 1509–1516In a study of household contacts of people with Influenza

Duration of Viral Shedding in Influenza
Influenza A

Viral RNA detection Viral RNA >900 copies/ml
under fitted curve

Log10viral RNA detection
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Seasonal Influenza Clinical Course

• Most people recover from uncomplicated influenza

• Complications resulting in severe illness and death can occur, 
particularly among:

• very young children
• older adults
• pregnant and postpartum women within 2 weeks of delivery
• people with certain chronic medical conditions including chronic pulmonary, 

cardiac, and neurologic disorders, and metabolic disease
• those who are immunocompromised

Clinical Infectious Diseases 2019;68(6):e1–47



Complications
of Influenza

BMJ 2016; 355:i6258 doi: 10.1136/bmj.i6258

• Exacerbation of chronic disease
• Bacterial superinfection

• Staphylococcus aureus (MSSA, MRSA), 
Streptococcus pneumoniae, Group A Streptococcus

may result in sepsis, severe sepsis, or septic shock
• Multi-organ failure
• Healthcare-associated infections

• Bacterial, fungal, ventilator-associated pneumonia
• Death



Influenza Testing

• Rapid antigen test:  fast and inexpensive but low sensitivity 
(Helpful if positive, but high false-negative rate)

• Rapid molecular assay:  fast, not expensive, good sensitivity 

• PCR:  slow, expensive, very good sensitivity
• Multiplex PCR detects other pathogens but more expensive

10 minutes, ~$10
Point Of Care (POC)
Sensitivity ~50%

15-30 minutes, POC but requires a lab, ~$25, Sensitivity ~90% 

60-120 minutes, ~$100-150,
Requires a High Complexity Lab
Sensitivity ~99%

Annals Int Med 2017 Sep 19;167(6):394-409 Clinical Infectious Diseases 2019 69(7):1243–1253



Which Influenza Test is Recommended?
• Outpatients:

• Rapid influenza molecular assays are recommended over rapid influenza antigen 
detection tests

• Hospitalized patients:
• RT-PCR or other molecular assays are recommended
• Rapid antigen detection tests are not recommended and should not be used unless 

molecular assays are not available
• follow-up testing with RT-PCR or other molecular assays should be performed 

to confirm negative rapid antigen results
• Immunocompromised patients: Multiplex RT-PCR assays targeting a panel of 

respiratory pathogens, including influenza viruses are recommended

Clinical Infectious Diseases 2019;68(6):e1–47

RT-PCR on lower
respiratory tract specimen
if nasopharyngeal PCR
is negative (10-19% in 
intubated patients)

Influenza A&B PCR or
‘combo’ flu/RSV/COVID-19 PCR



INFLUENZA TREATMENT

Liberty, MO
Weekly Tribune 
February 10, 1854



Recommended Antivirals for Treatment of Influenza, U.S. 2023-24
Four antivirals are available to treat influenza:
• All have demonstrated efficacy and are FDA-approved for early treatment  (<2 days of 

illness onset) in outpatients with uncomplicated influenza

https://www.cdc.gov/flu/professionals/
antivirals/summary-clinicians.htm

CDC.gov

~$25-70*

~$70*

~$1000*

~$170*

* per Dr. Google 1/2024

COST

Neuraminidase inhibitors 

Cap-dependent endonuclease inhibitor



Influenza Treatment Summary
For Adults

• Treatment started within 36 hours of symptom onset reduced illness 
duration by 25.2 hours and reduced the risk of lower respiratory tract 
complications by 44%

• Single-dose baloxavir had similar median time to alleviation

Special Populations
• Pregnant women and up to two weeks postpartum

• Oseltamivir is recommended (lack of data for others)
• Immunocompromised patients

• Baloxavir is not recommended (risk of resistance emergence due to prolonged viral replication)
• Hospitalized patients

• Antiviral treatment is recommended ASAP even if beyond 48 hours from symptom onset
• Inhaled zanamivir and oral baloxavir are not recommended (lack of data)

• Critically ill patients
• Optimal duration of oseltamivir is unclear

https://www.cdc.gov/flu/professionals/antivirals/summary-clinicians.htm



INFLUENZA PREVENTION

(London)



Influenza Vaccine Recommendations

Easy Hard

Vaccinate everyone
>6 months old

every year
Which vaccine?





MMWR 72(2):1-25, August 25, 2023

5 types
9 options



Flu Shot – What to Do
• Use what you have, try to vaccinate everyone >6 months old
• 65 and over: high-dose or adjuvant 
• Concern about egg allergy: cell-based or recombinant

(since 2016 egg allergies are no longer considered a contraindication to flu vaccine)

• Concern about thimerosal: single dose
(Data from many studies show no evidence of harm caused by the low doses of 
thimerosal in vaccines.  Studies reveal no link between thimerosal and autism.)

• FluMist (nasal spray) available but injection preferred

www.cdc.gov



Vaccine Strain Selection

European Journal of Pharmaceutics and Biopharmaceutics 2015; 94:251–263 

In some years, circulating 
strains of influenza change
considerably over the
months leading to vaccine
distribution

Some years the vaccine
is a “good match”, 

some years not

(2023-24 vaccine appears 
to be an excellent match)



Flu Vaccine Effectiveness
• Varies year to year
• During the six influenza seasons from 2010–11 through 2015–16, influenza 

vaccination prevented an estimated
• 1.6–6.7 million illnesses
• 790,000–3.1 million outpatient medical visits
• 39,000–87,000 hospitalizations
• and 3,000–10,000 respiratory and circulatory deaths

Average PER SEASON

• During the severe 2017–18 influenza season, notable for an unusually long 
duration of widespread high influenza activity, flu vaccine is estimated to 
have prevented

• 7.1 million illnesses, 3.7 million medical visits, 109,000 hospitalizations, and 8,000 
deaths, despite an overall estimated vaccine effectiveness of 38%

MMWR 68(3):1-21, August 23, 2019



Universal 
Influenza 
Vaccine

• Several strategies 
under development

PNAS 2022 Vol. 119 No. 5 e2123477119

JAMA January 10, 2023
Volume 329, Number 2



Respiratory Syncytial Virus
• In children:

• RSV is the most common cause of bronchiolitis and pneumonia in children under 12 months of age 
• In the U.S. there are between 75,000 and 125,000 children hospitalized each year due to 

complications of RSV infection
• Est. globally there are 64 million cases of RSV annually that result in 253,500 deaths
• Almost all children will have had an RSV infection by their second birthday

• In adults:
• RSV is associated with up to 12% of medically attended acute respiratory illnesses
• <1% require hospitalization
• RSV is the third most commonly identified viral cause among respiratory viruses resulting in 

hospitalization (pre-COVID-19 pandemic)

J Virology July 2014 88(13): 7602–7617 CDC.gov PLoS ONE 2017 12(8): e0182321 Influenza Other Resp Viruses 2022;16:1133–1140 



Journal of Virology July 2014 Volume 88 Number 13 p. 7602–7617 

Other members of the 
Paramyxoviridae family include 
measles, mumps, human 
metapneumovirus, and the 
zoonoses Hendra and Nipah viruses

Italian J Pediatrics 47, 198 (2021)

RSV has a non-segmented 
genome, so unlike Influenza it 
cannot reassort genome 
segments and thus does not 
cause large-scale pandemics

Cureus 15(3): e36342 Virology Journal 2014, 11:36

RSV is a member of the Paramyxoviridae 
family and contains a continuous, single-
stranded negative-sense RNA genome

RSV strains are separated into two major groups (A and B) based on 
antigenic and genetic variability. The main differences are found in 
the attachment glycoprotein G. RSV G protein interacts with host cell 
receptors, is a target for neutralizing antibodies, and is highly 
variable. This variability might contribute to the ability of the virus to 
cause yearly outbreaks.



RSV Immunity after Natural Infection

• Natural RSV infection does not provide durable or complete 
protection from reinfection.

• Anti-RSV antibodies return to pre-infection levels within 6 months 
after infection.

• Reinfection can occur within two months of last infection.
• Older adults have weaker IFNy responses to RSV than younger adults, 

likely making them more susceptible to infection and to severe 
infection.

J Infectious Diseases 1991; 163:693-698 J Medical Virology 2006; 78:1493-1497Am J Respir Crit Care Med 2015; 191(9): 1040–1049



CDC.gov

Epidemic patterns of RSV antigenic groups A & B
Kilifi, Kenya 2002 to 2017

Nature Scientific Reports (2020) 10:21176



RSV Seasonality

PLOS ONE 2013 8(2):e54445 

Peak Month of RSV Activity
1990 - 2009

Perturbation of RSV Seasonality by 
the COVID-19 Pandemic

MMWR April 7, 2023 / Vol. 72 / No. 14

2020-21

2021-22

2022-23

COVID-19 Pandemic



Symptoms of RSV Infection

•

•

•

•

•

•

CDC.gov



Experimental RSV Infection
49 healthy adults aged 18-50 (median 20.5)

symptomatic infection

asymptomatic infection

Nature communications (2015) 6:10224

Upper: sneezing, nasal discharge, nasal obstruction or sore throat
Lower: cough, wheeze, shortness of breath
Systemic: headache, malaise, fever

Incubation period 4-6 days
Illness typically lasts 7-10 days, worst symptoms on days 3-5
Cough may linger 3-4 weeks
Duration of shedding by PCR 11 days, by viral culture 3-8 days



Prevalence of RSV in Older Adults
Study of ~5000 Episodes of Illness in Adults >65

in 14 countries on 3 continents in the Northern Hemisphere, 2008-10

• RSV was the third leading viral cause of moderate-to-severe* 
‘Influenza-Like Illness’ (ILI)
 Influenza 37.2%
 Enterovirus/Rhinovirus 25.6%
RSV 12.8%
Coronavirus 10.0% [pre-pandemic]
Human Metapneumovirus 10.0%
Parainfluenza 7.5%

• Hospitalization among RSV-positive moderate-to-severe ILI episodes (19.5%) was 
about twice as common than hospitalization among episodes positive for any 
other virus (8.6%) and 5-fold more common compared to influenza A (3.8%) 

*defined as ILI with pneumonia, hospitalization, or maximum daily influenza symptom severity score (ISS) >2

J Infectious Diseases 2014 Jun 15; 209(12): 1873–1881

(before COVID-19)



Severe RSV in Adults
• Most adult RSV hospitalizations occur in older adults

• est 60,000 – 160,000 hospitalizations and 6,000 – 10,000 deaths annually among adults aged ≥65 years (U.S.)

MMWR July 21, 2023 Vol. 72 No. 29 pages 793-801

Mean Estimated Influenza and RSV Hospitalization Rates
per 100,000 person-years
United States 1993 - 2008

309.1

86.1

data from Clinical Infectious Diseases 2012;54(10):1427–36

~28% 
of 

309.1
Range  136.9-508.5   53.7–124.5



Severe RSV in Adults
Estimated annual RSV-attributable respiratory hospitalization 

rates by age and socioeconomic status
July 2005—June 2014

Pneumonia (2022) 14:6



MMWR October 6, 2023 Vol. 72 No. 40 pages 1075-1082 

Morbidity and Mortality in Older Adults
Hospitalized with RSVCharacteristics of a random sample of 

patients aged ≥60 years hospitalized with 
laboratory-confirmed RSV infection (N = 
1,634), RSV–Associated Hospitalization 
Surveillance Network, 12 states, 
October 2022–April 2023

*** Defined as one or more of the following: chronic lung disease, including asthma; chronic metabolic disease including diabetes mellitus; blood disorder or
hemoglobinopathy; cardiovascular disease; neurologic disorder; immunocompromising condition; renal disease; gastrointestinal or liver disease; rheumatologic,
autoimmune, or inflammatory condition; obesity; feeding tube dependency; and wheelchair dependency

¶¶ Severe outcome is defined as requiring ICU admission or mechanical
ventilation or experiencing in-hospital death

%

(aged ≥60 years)



Clinical Infectious Diseases 2019 Jul 15; 69(2): 197–203

One-year Survival After Hospitalization
in Adults 60 and over

with RSV (n=645) or Influenza (n=1878)
Southern California, 2011-15

Note that in this era
vaccination and treatment
was available for Influenza



RSV Testing

• Current rapid antigen tests
• Sensitivity ~80%, specificity ~95%

• Rapid molecular test
• Sensitivity 90-98%, specificity 99-100%

• Multiplex PCR
• Sensitivity 95-100%, specificity 99-100%

Clin Microbiol Rev 2017 Jan; 30(1): 277–319

COST TIME
ACCURACYCONVENIENCE



RSV Treatment in Adults

• For most adults, treatment is supportive
• For those with lower tract infection who present with cough and 

wheezing, bronchodilators may result in symptom relief, particularly if 
the patient has underlying reactive airway disease

• Treatment in immunocompromised patients has not been well 
studied and the optimal approach is uncertain

• Ribavirin (oral vs. inhaled) and IVIG can be used in those who are severely 
immunocompromised, such as hematopoietic cell and lung-transplant 
recipients and selected persons with leukemia 

Clinical Infectious Diseases 2013;56(2):258–66



RSV Vaccine in Adults

• On June 21, 2023, ACIP voted to recommend that adults aged ≥60 years
may receive a single dose of an RSV vaccine, using shared clinical
decision-making.

MMWR July 21, 2023 Vol. 72 No. 29 pages 793-801

Risks Benefits

(“Talk to your doctor.”)



Efficacy of RSV Vaccines

MMWR July 21, 2023 Vol. 72 No. 29 pages 793-801

Neither of the two clinical trials that led to FDA approval of 
RSV vaccines for older adults was powered to assess protection 
against hospitalization, though both trials showed moderate to 
high efficacy of RSV vaccination against LRTD, which is in the 
causal pathway leading to severe disease

LRTD = lower respiratory tract disease

N Engl J Med 2023;388:1465-77.



Safety of RSV Vaccines

One case of GBS and two cases of acute disseminated 
encephalomyelitis in 17,922 doses given over all trials

One case each of GBS, Miller Fisher syndrome (a GBS variant), 
and undifferentiated motor-sensory axonal polyneuropathy

Whether these events occurred due to chance, or whether RSV vaccination 
increases the risk for inflammatory neurologic events is currently 
unknown. Until additional evidence becomes available, RSV vaccination in 
older adults should be targeted to those who are at highest risk for severe 
RSV disease and therefore most likely to benefit from vaccination.

MMWR July 21, 2023 Vol. 72 No. 29 pages 793-801

GBS = Guillain-
Barre Syndrome



Underlying Medical Conditions and Other Factors
Associated with Increased Risk for Severe RSV Disease

MMWR July 21, 2023 Vol. 72 No. 29 pages 793-801



The Next Pandemic

Camp Funston (now Fort Riley) Kansas, 1918Missouri Medicine May/June 2018; 115(3):183



New England Journal of Medicine 351(23):2363, 2004

Why do Pandemics Occur?

Antigenic
Shift



http://www.fao.org/ag/againfo/subjects/en/health/diseases-cards/migrationmap.html

H5N1 in Migratory Birds
16 of the 18 known hemagglutinin (HA) subtypes and 9 of the 11 known 
neuraminidase (NA) subtypes have been identified in aquatic birds1

1PLOS Pathogens https://doi.org/10.1371/journal.ppat.1010062  May 19, 2022



N=902

Technical Report: Highly Pathogenic Avian Influenza A(H5N1) Viruses

CDC.gov accessed 1/20/24



‘Spillover Events’ Continually Occur



The Next Pandemic
• It is not a question of if, but when the next influenza pandemic will occur, 

and how severe it will be.
(Unless a universal influenza vaccine is developed, widely distributed, and accepted.)

• Recent events associated with the COVID-19 pandemic are worrisome 
• Significant deterioration of public health infrastructure in the face of direct threats
• Lack of trust in public health measures and authorities
• Legislative actions to try to limit the ability of public health authorities 

to implement public health measures in a crisis
• Lack of respect for the needs of the community vs. the individual
• Lack of widespread (global) availability of effective prevention 

and treatment measures

Influenza pandemics occur on average every 14 years,
the last was in 2009
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