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Overview

§Background 

§Active bacterial surveillance for invasive pneumococcal 
disease (IPD)

§Serotype 4 IPD resurgence

§Pneumococcal vaccine recommendations 



§ Founded: 1991 at Johns Hopkins 
Bloomberg School of Public Health in the 
Department of International Health

§ Mission: We work in partnership with 
communities to advance Indigenous well-
being and health leadership to the 
highest level.

§ Vision: Thriving Indigenous communities 
worldwide

Johns Hopkins Center for 
Indigenous Health



Our Center’s Scope
Today, over 300 staff and 
faculty work at the CIH.

80% of CIH employees are 
Indigenous

Over 90% of the CIH team is 
working on the frontlines of 

Indigenous communities

Working across 27 states and 
165+ communities 

Core Areas of Work: Training, 
Behavioral/Mental Health, 

Infectious Disease  



Infectious Disease Prevention

Disease 
surveillance and 

epidemiology

Clinical trials to 
evaluate 

interventions

Policy and 
recommendations

Impact and 
optimization

4 of 8 immunizations 
recommended in the 
first year of life in the 

US were proven 
efficacious by CIH

Invasive Hib disease



What is Streptococcus 
pneumoniae?

§ A gram-positive bacteria

§ Over 100 different serotypes

§ Serotypes differ by the polysaccharide 
capsule

§ Can cause: 

§ Invasive disease (pneumonia, meningitis, 
blood infection)

§ Otitis media (ear infection), sinusitis
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Invasive Pneumococcal Disease, 
Navajo Nation 
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*https://www.cdc.gov/abcs/bact-facts-interactive-dashboard.html



US CDC Active Bacterial Core 
surveillance
Surveillance population: 45.5 million



Active Bacterial Surveillance (ABS)

§ Tribal/academic partnership with 
Johns Hopkins Center for Indigenous 
Health
§ Provides data for White Mountain Apache 

Tribe and Navajo Nation as a whole

§ >20 years of collaboration

§ Active, laboratory-based surveillance
§ Streptococcus pneumoniae
§ Haemophilus influenzae
§ Neisseria meningitidis
§ Staphylococcus aureus
§ Group A Streptococcus 

NNHRRB#: NNR-19.343; PXR 97.04



What do the pneumococcal 
conjugate vaccines (PCV) cover?

4 6B 9V 14 18C 19F 23F

PCV7

1 3 5 6A 7F 19A

PCV13
4 6B 9V 14 18C 19F 23F

22F 33F

PCV15
4 6B 9V 14 18C 19F 23F 1 3 5 6A 7F 19A

8 10A 11A 12F 15B

PCV20
22F 33F4 6B 9V 14 18C 19F 23F 1 3 5 6A 7F 19A

PCV7 covers these 7 serotypes

PCV13 added protection 
against 6 more serotypes



PCV use in Navajo Nation
Children <5y

§ 2000: PCV7

§ 2010: PCV13
§ 2023: PCV15 and PCV20

Adults ≥65
§ 2014: PCV13 introduced in 

series with PPSV23
§ 2019: PCV13 

recommendation changed 
to shared clinical decision-
making

§ 2021: PCV15 in series with 
PPSV23 or PCV20

*https://www.ihs.gov/NonMedicalPrograms/ihpes/immunizations/

IHS Quarterly Age-Appropriate PCV Coverage for 
Navajo Area*, Jan. 2015 – Sept. 2023
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Rate of invasive pneumococcal disease 
(IPD) among Navajo children <5 years, 
1997-2023
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Navajo Nation

General U.S.

This rate of disease was >2x 
higher than what the general 
U.S. experienced

1997-1999: An average of 47 
Navajo children <5 years old 
became sick with IPD each year

Sutcliffe et al, ISPPD 2023
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Rate of invasive pneumococcal disease 
(IPD) among Navajo children <5 years, 
1997-2023

2000-2009: The introduction of 
the PCV7 vaccine decreased 
that number by nearly 50%

PCV7 (Prevnar7) 
introduced

Sutcliffe et al, ISPPD 2023
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Rate of invasive pneumococcal disease 
(IPD) among Navajo children <5 years, 
1997-2023

2010-2022: Use of the updated 
PCV13 vaccine (which protects 
against 6 more serotypes) led to 
an additional ~80% decrease in 
average cases per year among 
Navajo children <5 years oldPCV13 (Prevnar13) 

introduced

Sutcliffe et al, ISPPD 2023



PCV impact across age groups
§ PCVs have been very successful at decreasing the burden of IPD in Navajo Nation

§ COVID-19 pandemic led to an unprecedented decline in IPD

0

50

100

150

200

250

<5 years 18-49 years 50-64 years ≥65 years

Ra
te

 p
er

 1
00

,0
00

Pre-PCV: 1995-1997 PCV7: 2001-2009 PCV13: 2011-2019 COVID-19: 2020-2021

66%*

% reduction

91%* 24%*
37%*

20%*
27%

19%*
48%*

Overall IPD incidence by era, Navajo Nation

*p<0.05
Littlepage et al., Impact of Pneumococcal Conjugate Vaccines (PCV) and the COVID-19 Pandemic on Invasive Pneumococcal Disease (IPD) Among Native 
Americans Living on the Navajo Nation, ISPPD 2022, Toronto, Canada



Post-pandemic IPD rebound

All-age IPD in Navajo Nation, April 2013 – March 2024
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Pre-pandemic era COVID-19 era Post-COVID era

Transmission season = April of the year indicated - March of the following year
Sergent et al., Impact of pneumococcal conjugate vaccines and the COVID-19 pandemic on otitis media and invasive pneumococcal disease, Navajo Nation Human 
Research Review Board 2023 Conference, Flagstaff, Arizona



IPD serotype distribution by age group, 
NN & WMAT, Jan 2022 - Mar 2024

CONFIDENTIAL - NOT FOR DISTRIBUTION



Resurgence of serotype 4 IPD among 
adults in Navajo Nation
§ Serotype 4 has been included in every vaccine

§ Disease caused by this serotype was virtually eliminated after 2000
§ Now accounts for >25% of IPD cases

https://nec.navajo-nsn.gov/ 
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Serotype 4 IPD cases by week, 
Navajo Nation, Jan 2020 – Mar 2024
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Serotype 4 IPD in Navajo Nation, Jan. 
2022 – Mar.  2024
§ All serotype 4 IPD cases (n=58) have occurred among adults 

(median age: 39 years; 70.7% male)

§ Pneumonia is the most common clinical syndrome (present in 
91% of cases)

§ Most cases: 
§ Lived in a private residence (84%)
§ Resided in a single service unit (59%)

§ Cases of serotype 4 IPD detected across Navajo Nation

https://nec.navajo-nsn.gov/ 



§ Mainly unvaccinated adults with ≥1 indication for vaccination
§ Most commonly alcohol misuse or smoking

https://nec.navajo-nsn.gov/ 

Serotype 4 IPD in Navajo Nation, 
Jan. 2022 – Mar.  2024
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Indications for Vaccination Among Serotype 4 IPD Cases*, Jan 2022 – Mar 2024

At least 1 dose received (n=18)
Unvaccinated (n=38)
Unknown vaccination status (n=1)

*Underlying conditions were unavailable for 1 unvaccinated individual



Vaccination history among serotype 4 
IPD cases, Navajo Nation, 
Jan 2022 – Mar 2024

§ 31% of individuals were vaccinated, most >10 years before their 
illness (median: 14.1 years since last dose)
§ PPSV23 only: n=11
§ PCV7: n=5 (all doses given as part of routine childhood 

immunizations)
§ PCV13 & PPSV23: n=2

CONFIDENTIAL - NOT FOR DISTRIBUTIONhttps://nec.navajo-nsn.gov/ 





Percentage of IPD cases in due to serotype 4 in Alaska, by 
year

1% 0% 0% 1% 0% 3%
9%

49%
55%

48%

0%

20%

40%

60%

80%

100%

2013 2014 2015 2016 2017 2018 2019 2020 2021 2022

Pe
rc

en
ta

ge
 o

f I
PD

 c
as

es

Slide citation: Laurie Orell et al., Increase in Invasive Pneumococcal Disease due to Streptococcus 
pneumoniae Serotype 4 — Alaska, 2013-2022, ISPPD 2024, Cape Town, South Africa



IPD case characteristics, by serotype — Alaska, 2013-2022

Serotype 4
[N=324]

Non-serotype 4*
[N=1,058]

No. (%) No. (%) p value

Aged ≥18 years 321 (99) 944 (89) <0.01

Male 213 (66) 627 (60) <0.05

Alaska Native peoples 205 (63) 512 (48) <0.01

Hospitalized 289 (89) 951 (90) --

Died 36 (11) 127 (12) --
*Excludes cases without serotype data

Slide citation: Laurie Orell et al., Increase in Invasive Pneumococcal Disease due to Streptococcus 
pneumoniae Serotype 4 — Alaska, 2013-2022, ISPPD 2024, Cape Town, South Africa



Call to Action 
§ The Alaska Division of 

Public Health and CDC’s 
Arctic Investigations 
Program noted a similar 
increase in serotype 4 
IPD in Alaska 

§ Together, Navajo Nation 
and Alaska data led Dr. 
Christensen to issue a 
‘Call to Action’ to 
increase PCV20 
vaccination rates 
among eligible adults



PCV recommendations
§ Childhood immunization schedule

§ Everyone ≥65 years

§ Adults 19-64 years with: 
§ Certain underlying medical conditions (e.g., 

diabetes, chronic heart, liver or lung disease, 
immunocompromising conditions) or other risk 
factors (including alcoholism and smoking)

https://www.cdc.gov/vaccines/vpd/pneumo/hcp/who-when-to-vaccinate.html



https://www.cdc.gov/vaccines/vpd/pneumo/downloads/pneumo-vaccine-timing.pdf









Serotypes covered by PCVs and 
PPSV-23



IPD by vaccine category among adults 
with a pneumococcal vaccine indication, 
NN & WMAT, Jan 2022 - Mar 2024

58.3% 
PCV21

69.8% 
PCV20

75.0% 
PCV21

66.0% 
PCV20

86.8% 
PCV21

68.4% 
PCV20



Serotype 4 Carriage Prevalence, 
NN/WMAT

Serotype 4 Carriage Prevalence

Year Adults Children

1997-2000 (pending) 2.2%
15/681

2007 <1%
1/778

<1%
2/838

2010-2012 0%
0/2499

0%
0/2625

2015-2017 <1%
7/903

0%
0/600

2018-2019 6%
18/301 --

2022-2023 -- 0%
0/500

2024 ? ?

CIH Internal – not for distribution

Molecular methods have been used 
for studies since 2015. Adult 
samples have included OP swabs 
since 2015. 
Millar et al Pediatr Infect Dis J 
2009;28: 711–716; Grant et al, Pediatr 
Infect Dis J 2016;35:907–914; 
Hammitt et al, submitted, Sergent 
et al, submitted



Conclusions
• PCVs have been a powerful to prevent disease and reduce health 

disparities 

• Serotype 4 has emerged as a substantial contributor to IPD in 
adults in Alaska and the Navajo Nation

• Most cases occurred in people who had not received 
pneumococcal conjugate vaccine but who had a risk factor 
indication to be vaccinated

• PCV21 has great potential to prevent IPD in adults but does not 
include serotype 4

Serotype 4 IPD is a vaccine preventable disease 
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Thank you!

Any questions?



IPD by vaccine category among adults with a pneumococcal 
vaccine indication, NN & WMAT, Jan 2018 - Mar 2024

69.5% 
PCV21

60.3% 
PCV20

78.5% 
PCV21

52.5% 
PCV20

87.9% 
PCV21

55.6% 
PCV20

CIH Internal – not for distribution



IPD by vaccine category among adults with a pneumococcal 
vaccine indication, NN & WMAT, Jan 2022 - Mar 2024

58.3% 
PCV21

69.8% 
PCV20

75.0% 
PCV21

66.0% 
PCV20

86.8% 
PCV21

68.4% 
PCV20

CIH Internal – not for distribution



Serotype 4 sequence types, 
Navajo Nation, Jan 2023 – Mar 2024

30, 85%

2, 6%

2, 6%
1, 3%

10172

18704

18763

19001

§ Whole genome 
sequencing data available 
starting Jan. 2023 (N=35)

§ Vast majority are 
sequence type 10172

CIH Internal – not for distribution



Serotypes Covered by Pneumococcal Conjugate
Vaccines (PCV) and Polysaccharide Vaccine (PPV)

PRODUCT SEROTYPE
4 6B 9V 14 18C 19F 23F 1 5 7F 3 6A 19A 6C 22F 33F 8 10A 11A 12F 15BC 2 9N 17F 20 15A 16F 23A 23B 24F 31 35B

Discontinued PCV-7 (Pfizer)

Licensed PCV-10 (GSK)

Licensed PCV-10 (SII)

Licensed PCV-13 (Pfizer)

Licensed PCV15 (Merck)

Licensed PCV20 (Pfizer)

Investiga-
tional PCV24 (Merck)

Investiga-
tional PCV21 (Merck) 15C

Licensed PPV-23 (Merck) 15B

Demonstrated cross-protection from a related included serotype
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2023: Updated PCV15 and 
PCV20 vaccines (which protect 
against even more serotypes) 
are now recommended and 
available for children

???
We will monitor this impact



Rate of IPD among adults 18-49 years, 
Navajo Nation, 1995 – 2023
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