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Influenza
Globally, 

3-5x106 severe cases/year

250,000-500,000 deaths/year

In US, 10,000-60,000 deaths/yr

>90% deaths in industrialized world in individuals 
>65 years of age

Vaccine provides:

30-40% reduction in illness

50-60% reduction in hospitalization

80% reduction in ICU

In US, only 60-70% individuals >65 yoa immunized, 
and 20-45% of high risk younger individuals; 

40% overall

Northern hemisphere, Southern hemisphere, equator



https://www.cdc.gov/flu/professionals/vaccination/effectiveness-studies.htm
2018-19: all ages, all flu 29%;  44% VE H1N1



Many options
Quadrivalents: 2 As 2 Bs

2021–22 season are quadrivalent, containing hemagglutinin (HA) derived from one influenza 

A(H1N1)pdm09 virus, one influenza A(H3N2) virus, one influenza B/Victoria lineage virus, and one 

influenza B/Yamagata lineage virus

IIV4, RIV4, LAIV4

High dose, standard dose

Adjuvanted, unadjuvanted

Avoid LAIV in immunocompromised

Quadrivalent flu vaccines include:

• Quadrivalent flu shots approved for use in different age groups, including children as young as 

6 months.

• An intradermal quadrivalent flu shot, which is injected into the skin instead of the muscle and 

uses a much smaller needle than the regular flu shot. It is approved for people 18 through 64 

years of age.

• A quadrivalent flu shot containing virus grown in cell culture, which is approved for people 4 

years of age and older.

• A recombinant quadrivalent flu shot approved for people 18 years of age and older, including 

pregnant women (new this season).

• LAIV4: live attenuated influenza quadrivalent vaccine (nasal)

https://www.cdc.gov/flu/protect/vaccine/quadrivalent.htm
https://www.cdc.gov/flu/protect/vaccine/qa_intradermal-vaccine.htm
https://www.cdc.gov/flu/protect/vaccine/quadrivalent.htm
https://www.cdc.gov/flu/protect/vaccine/qa_flublok-vaccine.htm


Vaccinate
Immunize all >6 months of age annually

There were two new vaccines licensed for use during the 2020-

2021 flu season.

The first is a quadrivalent high-dose vaccine licensed for use in 

adults 65 years and older. This vaccine replaces the previously 

licensed trivalent high-dose vaccine.

The second new vaccine is a quadrivalent adjuvanted vaccine 

licensed for use in adults 65 years and older.

This vaccine is similar to the previously licensed trivalent vaccine 

containing MF59 adjuvant, but it has one additional influenza B 

component.



Pneumococcal
PPV23: (pneumococcal polysaccharide vaccine 23)

Adult vaccine

60-80% protective against invasive disease;

no effect on mortality?

Only ~65% individuals >65 yoa immunized, and <20% of 

high risk younger individuals

PCV13: (pneumococcal conjugate vaccine 13) (Childhood 

and FDA approved for use in adults in 2011; ACIP 

recommendation for adults 2012; broadened to all >65 

in 2014); (partially curtailed 2019)

PCV15 and PCV20: for adults ACIP Oct 2021.



New recs

Age 65 years or older or 19-64 with certain underlying conditions who 

have not previously received a pneumococcal conjugate vaccine or whose 

previous vaccination history is unknown: 

• 1 dose PCV20 or

• 1 dose PCV15 followed by a dose of PPSV23 given at least 1 year 

after the PCV15 dose. A minimum interval of 8 weeks between 

PCV15 and PPSV23 can be considered for adults with an 

immunocompromising condition,* cochlear implant, or cerebrospinal 

fluid leak to minimize the risk of invasive pneumococcal disease 

caused by serotypes unique to PPSV23 in these vulnerable groups.



If already received
• Adults with previous PPSV23 only. Adults who have only received PPSV23 may receive a 

PCV (either PCV20 or PCV15) ≥1 year after their last PPSV23 dose. When PCV15 is used 

in those with history of PPSV23 receipt, it need not be followed by another dose of 

PPSV23.

• Adults with previous PCV13. The incremental public health benefits of providing PCV15 

or PCV20 to adults who have received PCV13 only or both PCV13 and PPSV23 have

not been evaluated. These adults should complete the previously recommended PPSV23 

series (or PCV20 if PSV23 not available)

• Coadministration with other vaccines. PCV15, PCV20, or PPSV23 can be coadministered

with QIV in an adult immunization program, Currently, no data are available on 

coadministration with other vaccines (e.g., tetanus, diphtheria, acellular

pertussis vaccine, hepatitis B, or zoster vaccine) among adults. Evaluation of 

coadministration of PCV15, PCV20, or PPSV23 with COVID-19 vaccines is ongoing 

(34,35).





Routine Immunizations
Influenza

Pneumococcal   

MMR

Tdap-T/d

Hepatitis B

Varicella and Shingles

Polio

HPV



Global and local

Measles update

< 1957 immune (unless born overseas, 

healthcare)

> 1957, 2 MMR: Measles

1963-67 (unknown type)

Students post secondary

Health care workers

Travel

Outbreaks

MMR: Measles-mumps-rubella



Mumps

> 1957: 2 MMR: Mumps

Students (K-12)

Health care

Travel

Outbreaks, 2 doses 85-90% protective

Rubella

1 MMR

Check rubella status childbearing age



Tdap (tetanus-diphtheria-

pertussis); Td

• At least one Tdap at or after age 11 yoa, then Tdap 

or Td every 10 years. 

• Give to all pregnant women during EACH 

pregnancy. Optimal timing is between 27 and 36 

weeks gestation to maximize the maternal antibody 

response and passive antibody transfer to the infant.

• Tdap can be administered regardless of interval since 

the most recent tetanus or diphtheria-containing 

vaccine (can be same day).



Routine Immunizations
Influenza

Pneumococcal   

MMR

Tdap-T/d

Hepatitis B

HPV (Human papilloma virus)

Varicella and Shingles



2022: Hepatitis B now 

universal <60







HepB-CpG (Heplisav-B)

• Yeast derived HepBsAg

• CpG TLR9 adjuvant

• Seroprotective anti-HBs levels were 

achieved in 90%–100% of subjects 

receiving HepB-CpG, compared with 71%–

90% of subjects receiving Engerix-B 

(MMWR)

• Two dose: 0 and 1 month



PreHevBrio

• HepB: 0, 1, 6

• 3 dose vaccine, Adjuvanted

• 3 antigens (S, pre-S2, and pre-S1 HBV 

surface antigens)

• >18 yoa

• 2022



Updates: HPV9
• 11/2018: now all females and males 9-45 years of age; 2 

or 3 dose series depending on age

• 9-26yoa recommended

• 0, 1-2 months, 6 months

• If received 2 doses at least five months apart initiated 
before age 15 can get 2 dose regimen

• ACIP recommends vaccination based on “shared 
clinical decision making” for individuals aged 27 
through 45 years who are not adequately vaccinated. 
HPV vaccines are not licensed for use in adults older 
than age 45 years



Varicella:

Live viral vaccine

Two doses if not immune (0, 4-8 weeks 

later); 2 doses born 1980 or later

97%  reduction in deaths due to 

varicella



Shingles

(Zostavax [ZVL OFF MARKET 

11/2020] and Shingrix [RZV])

Age 50 years or older: 2-dose series RZV 
(Shingrix) 2–6 months apart (minimum 
interval: 4 weeks; repeat dose if administered 
too soon), regardless of previous herpes zoster 
or history of zoster vaccine live (ZVL, 
Zostavax) vaccination (administer RZV at 
least 2 months after ZVL but all ZVL should 
be gone by now)



• ACIP 2022

• <50 and “immunosuppressed or 

becoming immunosuppressed”



CDC ACIP
•Care should be taken not to confuse the two different zoster 

vaccine formulations. RZV (Shingrix) (two dose) is stored in the 

refrigerator and administered intramuscularly (IM). ZVL (Zostavax) 

one dose is stored in the freezer and administered subcutaneously 

(SC).

•Reconstitution. Shingrix consists of a lyophilized vaccine which 

needs to be reconstituted with the liquid adjuvant.

•Schedule. 2 doses should be administered IM at 0 and 2-6 

months. The vaccine series need not be restarted if more than 6 

months have elapsed since the first dose. The minimum interval 

between doses is 4 weeks and doses given at shorter intervals 

should be repeated.

Shingrix can be given regardless of: 1) prior receipt of varicella 

vaccine; 2) prior receipt of ZVL; and 3) prior history of herpes 

zoster. Do not screen for a history of varicella (verbally or via 

laboratory serology).



Meningococcal vaccine

• Quadrivalent (A/C/Y/W-135)

• Polysaccharide (MSV4) replaced with conjugate (MCV4) 
2017

• A 2-dose MCV4 series of meningococcal conjugate vaccine 
is recommended for adults with anatomic or functional 
asplenia, HIV, or persistent complement component 
deficiencies (including eculizumab, ravulizumab) (0 and 2 
months).

• Single dose (MCV4) for unvaccinated college students, 
travelers to meningitis belt, Hajj, others at risk.

• Revaccinate every 5 years if risk ongoing.

• Meningococcal B vaccine FDA approved late 2014 (3 dose); 
and Jan 2015 (2 dose)



Meningitis B
ACIP Recommends for patients: 

• Aged ≥10 years who are at increased risk for meningococcal disease 

should receive MenB vaccine. These patients include:

– Patient with persistent complement component deficiencies (including: 

inherited or chronic deficiencies in C3, C5-9, properdin, factor D, 

factor H, or taking eculizumab or ravulizumab)

– Patient with anatomic or functional asplenia

– Microbiologists routinely exposed to isolates of Neisseria meningitidis

– Patient identified as at increased risk because of a serogroup B 

meningococcal disease outbreak

– ACIP recommends MenB booster doses for previously vaccinated 

persons who become or remain at increased risk (Single dose at 1 yr

after completion of primary vaccination and every 2–3 yrs thereafter)

– ACIP recommends a MenB series for adolescents and young adults 

aged 16–23 years on the basis of shared clinical decision-making to 

provide short-term protection against disease caused by most strains 

of serogroup B N. meningitidis. 



Haemophilus influenzae type b 

(Hib) vaccination 
– One dose of Hib vaccine should be administered to 

persons who have functional or anatomic asplenia

or sickle cell disease or are undergoing elective 

splenectomy if they have not previously received Hib

vaccine. Hib vaccination 14 or more days before 

splenectomy is suggested.

– Hib vaccine is not recommended for adults with 

HIV infection since their risk for Hib infection is 

low.



Travel or special 

immunizations
Hepatitis A

Yellow fever

Polio

Typhoid

Cholera

Rabies

Dengue

Japanese Encephalitis

Tick borne Encephalitis



Hepatitis A vaccine:

Inactivated virus

2 doses: 0, 6-18 months

No booster currently recommended 

95% with immunity after 4 weeks

Combination hepatitis A & B vaccines 
available



Hepatitis A

•Chronic liver disease

•HIV infection 

•Men who have sex with men 

•Injection or noninjection drug use 

•Persons experiencing homelessness 

•Work with hepatitis A virus 

•Travel in countries with high or intermediate endemic 

hepatitis A 

•Close, personal contact with international adoptee 

(e.g., household or regular babysitting) in first 60 

days after arrival



Updates HAV

• For PRE-exposure, can give vaccine now as 

young as vaccine can be given >6moa (but does 

not count toward 2 dose regimen)

• For POST exposure, the age 40y upper limit for 

using vaccine has been removed, and now can 

give hepA vaccine after exposure, with clinical 

discretion of also giving immunoglobulin (for 

instance if chronic liver disease or 

immunocompromised etc)



• Gamma globulin dose increased from 

0.02 ml/kg for 1 month protection to 0.1 

ml/kg for one month protection

• 7 ml IM injection for 70 Kg adult!



Yellow fever vaccine

Live attenuated 17D viral-strain vaccine

Administered through WHO

Yellow Fever Vaccinating Centres

Waiver can be issued (pregnant, 

immunocompromised, egg anaphylaxis)

1 dose; booster after 10 years

Controversies/new data

1:15,000-50,000 risk death if >60yoa

Viscerotropic and neurotropic adverse events



Yellow fever distribution, CDC 2020

SAGE-WHO: no 10 year boosters



CDC Yellow Book yellow fever vaccine 

requirement and recommendation, by 

country



Expanded Access Program 

(EAP): Yellow Fever Vaccine

• No YF-Vax (Sanofi) in U.S. till “mid-

2019”

• IND EAP to use Stamaril (Sanofi) 

European vaccine x 3 years

• 250 Sites (from 4000); IRB approval, 

Informed Consents

• Now over, but between EAP and COVID 

many YF clinics now closed



Polio

www.npr.org

www.polioeradication.org

WHO

WHO: birth dose bOPV (no 2), then 3 bOPV and one tIPV (6, 10, 14 wks)



Vaccine 

workers killed

2013: 24 killed

2014: 89 killed

(80 Pakistan; 9 Nigeria)

2015 >4

2016>23

2017>2

2018>5

2019>4

2020>1

2021>4

More people now dying 

giving polio vaccine, than 

from polio itself



Adult polio booster



Typhoid
Salmonella enterica serovar Typhi

Risk: 3-30/100,000 month in 
developing nation

Higher risk groups:

> 3-4 weeks travel

Off usual tourist route

Staying with family/friends

South Asia

Backpackers



Typhoid

Also consider typhoid vaccine if 
immunocompromised/severe atherosclerotic 
disease/internal prosthesis/cholelithiasis

All typhoid vaccines are 50-80% effective:

Oral Ty21a, attenuated strain (off market)

Typhim Vi polysaccharide

(globally: typhoid conjugate vaccine; not in US)



Rabies vaccines:
1-2% risk of animal bite/year in 

developing countries

Optimal post-exposure prophylaxis often 

unavailable overseas (HRIG; tissue culture-

derived vaccines)

Long-term travelers, unavoidable animal 

contact, unable to receive timely PEP, 

unable to report problem (young children)



Rabies vaccines: (cell cultured derived)

HDCV, human diploid-cell vaccine

RVA, rabies vaccine adsorbed

PCEC, purified chick embryo cell culture vaccine

All ages

Pre-exposure: 3 doses; 0, 7, 21 or 28 days 

(ACIP 2021 voted to change to day 0 and 7 if 

immunocompetent and >=18 yoa; if protection 

wanted longer than 36 months can give #3 

“booster” 21 days to 35 months after #2)

Post-exposure: 4-5 dose schedule; 0, 3, 7, 14, (28) 

(immunocompetent, HDCV, PCEC)



Japanese encephalitis:
Viral infection, day-biting mosquitoes

Rural Asia

Risk 0.1/100,000 clinical encephalitis

Target population:

Prolonged rural exposure, 

especially during peak 

transmission season



JE Vaccines in US

• IXIARO:  Cell culture derived

• 2 dose (d0, d28)

(Update 2018 (d0, d7) adults 18-65 yoa)

1 year Booster (long term)

2 months-<3 years: 0.25 ml

>3 years of age: 0.5 ml



Cholera Vaccine

• CVD 103 HgR; VaxChora

• Currently off market

• Single dose live attenuated vaccine strain.

• >2 yoa, not immunocompromised

• HIGH risk of cholera (not typical traveler)

• ACIP Recommendations MMWR

• Protection for at least 3 months

• No info on boosters



Dengue Vaccine

• Quadrivalent; live attenuated (17D backbone)

• 0, 6, 12 months

• Efficacy: 50-80% depending on metric

• Increases risk of severe disease in children never 

previously exposed to dengue

• FDA approved USA April 2019

• 9-16 years of age (do not use off label; FDA rejected 

application for use 9-45 yoa)

• Only in areas with prevalent disease (Puerto Rico, 

USVI, American Samoa)

• Only if CONFIRMED previous case of dengue



Tick-borne encephalitis (TBE)

• USDA 2021 approved Ticovac TM use >=1yoa 

(available x 20 years in Europe)

• ACIP 2/2022 approved

• The risk for TBE is very low for most travelers 

visiting countries where TBE is found. However, 

travelers are at increased risk if they plan to:

• Visit areas with TBE when ticks are most active 

(April through November)

• Take part in outdoor activities in or near forested 

areas such as hiking, camping, hunting, fishing, or 

birdwatching.



2010-2020: 6 cases (5 recovered with varying lengths equelae)

25 M US travel to Europe each year

6/275M: 1 in 40-50M







• 36 yo pregnant VFR female traveling to 

Nigeria







• Thank you!!


