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Hemoglobin synthesis




Hemoglobins in normal adults
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Pathophysiology of Sickle Cell Anemia
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Sickle Cell: Molecular Basis

* Glutamate — Valine at 6th
position 3 globin

* Sickle Hb forms polymers when

deoxygenated

* Polymerized sickle Hb injures RBC

membrane and distorts its shape

* Distorted RBC is hemolyzed




Sickle Cell: Pathophysiology

* Deoxygenation of mutant Hb leads to

A\

e | K* efflux
« T cell density / dehydration

AN\ . .
* | polymerization

e Sickled cells adhere to endothelial cells
e Endothelial factors T vasoconstriction
* Blood flow 4 promotes vaso-occlusion

* “Vicious cycle” with decreased blood flow, hypoxemia /
acidosis, increased sickling

* Some cells become irreversibly sickled



FACTORS THAT INCREASE Hgb S
POLYMERIZATION

* Decreased oxygen

* Increased intracellular hemoglobin S concentration
(SS > SC, S-thal)

* Increased 2,3-DPG
* Decreased pH
* Slowed transit time through the circulation

 Endothelial adhesion



FACTORS THAT DECREASE Hgb S
POLYMERIZATION

e Lower concentration of Hb S (compound

heterozygosity for a thal)

* Increased HbF levels
* Genetic basis

* Hydroxyurea



Clinical Features of Sickle Cell Anemia

Painful episodes
Pneumococcal disease
Acute chest syndrome
Splenic infarction
Splenic sequestration
Stroke

Osteonecrosis
Priapism

Retinopathy

Leg ulcers

Gallstones

Renal abnormalities
Osteopenia
Nutritional deficiencies

Placental insufficiency

Pulmonary hypertension




Clinical Features of Sickle Cell Anemia

Painful episodes Stroke
Acute chest syndrome Priapism
Osteonecrosis Leg Ulcers

Proliferative retinopathy



Complications of Sickle Cell Disease

Sickle Cell — Avascular Necrosis

Blood Supply to Head and Neck of Femur

Branch of the
obturator artery

Medial femoral




Complications of Sickle Cell Disease

Sickle Cell — Avascular Necrosis

Blood Supply to Head yyd Neck of Femur
T _ Mead

Branch of the
obturator artery

Lateral femoral =
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Complications of Sickle Cell Disease

Pulmonary Hypertension
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Sickle Cell
— Dactylitis

|y

http://aapredbook.aappublicatig ~



Complications of Sickle Cell Disease

Sickle Cell — Splenic Complications
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Complications of Sickle Cell Disease

v

Osteonecrosis

Pneumonia

Stroke



Sickle Cell Anemia - treatment

« Opiates and hydration for painful crises
« Pneumococcal vaccination
e Retinal surveillance

» Transfusion for serious manifestations (eg
stroke); exchange transfusion

« Hydroxyurea

 Stem cell transplant




Why is special
vaccination important
among patients with

Sickle cell disease?



Sickle cell and Risk of infections

e Streptococcus pneumoniae causes invasive and non-invasive

pneumococcal disease (common in younger children and older adults)

WHO - a child dies of Pneumonia disease every minute

People with SCD, are more at risk for infections, (pneumonia,
meningitis, blood stream & bone infections) — especially

encapsulated bacteria due to damage to the spleen.

* Pneumonia is a leading cause of death in infants and young

children with SCD.

1. Liuli, etal, Lancet 2012, 379:2151-2161
2. Improving global health by preventing pneumococcal disease APPG report



Sickle cell and Risk of infections

* Greatest danger from encapsulated respiratory bacteria, particularly
Streptococcus pneumoniae.
* The mortality rate of such infections is as high as 10-30%

* Consider osteomyelitis when dealing with a combination of persistent pain and

fever.

* Bone that is involved with infarct-related vaso-occlusive pain is prone to

infection.

» Staphylococcus and Salmonella are the 2 most likely organisms responsible for

osteomyelitis.
e During adult life, infections with gram-negative organisms, especially

Salmonella, predominate.

* Of special concern is the frequent occurrence of Salmonella osteomyelitis in

areas of bone weakened by infarction.



Pathogen Predisposing factors

Encapsulated bacteria

(e.g., Strep. pneumoniae, Impaired splenic function
H.influenzae, Neisseria Impaired opsonization
meningitidis, Salmonella spp)

Recurrent vaso-occlusion with intestinal infarct,
necrosis and increased gut permeability

Salmonellae
Decreased neutrophil killing
Malaria Decreased deoxyhemoglobin solubility
Parvovirus Increased red cell turnover
Hepatitis B, C Multiple blood transfusion
Chlamydophila Unknown
Yersinia enterocolitica Iron overload
Mycoplasma Unknown

Increased intestinal permeability and biliary

Edwardsiella tarda .
sludging




Comorbidities Can Increase IPD Risk in Adults of All Agesl

Estimated Annual Incidence of IPD in England,
by Age and Comorbidity, 2008-2009 (N=22,298) Patients with HIV

infection are 5-61X more
likely to develop IPD
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1. van Hoek AJ, et al. J Infect. 2012;65:17-24. HIV=human immunodeficiency virus; IPD=invasive pneumococcal disease.



Licensed Pneumococcal Conjugate Vaccines

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

CRM

4 ©6B 9V 14 18C 19F 23F 1

Protein D TT DT Protein D

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

CRM 197

1. APPROVED PACKAGE INSERT: PREVENAR® Approved: 07
March 2003
2. APPROVED PACKAGE INSERT: PREVENAR® Approved: 21 June

2013
3. APPROVED PACKAGE INSERT: SYNFLORIX ©
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Clinical Relevance of the 6 Additional Serotypes in
Prevenar 13

Serotype Clinical Implications
Associated with IPD outbreaks in childrent?
Serotype 1 One of the most common serotypes causing pediatric IPD%3

Serotype 3
e complicated pneumonia

Serotype 3  common cause of AOM
AsSOClated

Serotype 5 Serotype 6A
e Very multidrug resistant
Serotype 6A Is common in AOM

Serotype 7F Serotype 19A
*  Common in NPC

Multidrug resistant
Global cause of IPD and complicated pneumonias

Among the most common isolates in AOM globally367,10
Multidrug resistance®810-12

Serotype 19A

1. Hausdorff WP. Vaccine. 2007;25:2406-2412. 2. Weil-Olivier C. BMC Infect Dis. 2012;12:207. 3. Kaplan SL. Pediatrics. 2010;125(3):429-436. 4. Pilishvili T. J
Infect Dis. 2010;201:32-41. 5. Ruckinger S, et al. Pediatr Infect Dis J. 2009;28:118-122. 6. Rodgers GL, et al. Vaccine. 2009;27:3802-3810. 7. Alonso M, et al.

PLoS ONE. 2013;8(1):e54333. 8. Cho EY. J Korean Med Sci. 2012;27:716-722. 9. Chappuy H, et al. BMC Infect Dis. 2013 ;13:357. 10. Pichichero ME, Casey

JR. JAMA. 2007;298:1772-1778. 11. Ma X. PLoS ONE. 2013;8(6):e67507. 12. Wroe PC. Pediatr Infect Dis. 2012;31(3):249-254.



Incidence (cases per 100,000 person-years)
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South Africa: Incidence of IPD Among HIV-uninfected
children <2 Years of Age by Year and Serotype in

(2005—2012) Schedule:

(2+1) 6 wks,
10 wks,
Imnths:
==VST catch-up

PCV7
Vw—/\ Seroype oA

—Serotypes 1, 3, 5, 7F, 19A (PCV13)
Reduction in IPD NVST

incidence in HIV negative
children < 2yrs — 85%

NVST: +33%
(+15% to +48%)*

PCV13

—_

Serotype 6A: -77% (-88% to -59%)*

2005 2006 2007 2008 2009 2010 2011 2012
Time (years)
*0%6 change in IPD incidence: post-vaccine (2012) vs. pre-vaccine (2005-2008) years

1. Von Gottberg, et al. NEIJM 2014



Incidence (cases per 100,000 person-years)

South Africa: Incidence of IPD Among HIV-infected
children <2 Years of Age by Year and Serotype in South

Africa (2005—2012) Schedule:
(2+1) 6 wks,
10 wks,
450 VST 9mnths:
PCV7 catch-up
Serotype 6A
350 - VT:-86% (-91% to -78%)* —Serotypes 1, 3, 5, 7F, 19A (PCV13)
. . .. . NVST

300 Reduction in IPD incidence in

HIV positive children < 2yrs —
250 1 | 86%
200 - Rates in HIV positive children 25x higher than in

HIV negative children; speaks to absolute rate

reduction and impact
150 -
100 NVT -31% (-59% to +11)*

w3 -72% (-88% to -44%)* )
* \
Serotype 6A:
-85% (-95% to -62%)*
0 T T T T T T T |

2005 2006 2007 2008 2009 2010 2011 2012

Time (years)
*06 change in IPD incidence: post-vaccine (2012) vs. pre-vaccine (2005-2008) years

1. Von Gottberg, et al. NEJM 2014.



Incidence (cases per 100,000)

Vaccines reduce antibiotic resistance

Incidence of antibiotic-resistant invasive pneumococcal disease in children < 2
years, South Africa (cases per 100,000 person-years)

40 7-valent

pneumococcal
vaccine (PCV7)

introduced

30

Penicillin-resistant

20 13-valent
\/\ pneumococcal
vaccine (PCV13)
Multidrug-resistant (MDR) introduced

Ceftriaxone-resistant !

2005 2006 2007 2008 2009 2010 2011 2012

Source: A von Gottberg et al, for GERMS-SA. NEJM 2014;371:1889-99.



Vaccines for SCD patients

Vaccines are a great way to prevent many serious infections.

Children and adults with sickle cell disease should get all

recommended vaccinations, including a flu vaccination.

People with sickle cell disease are considered “high risk” for certain
infections and should follow a special vaccination schedule for the
following vaccines:

— Haemophilus influenzae type b (Hib)

— Pneumococcal vaccines

— Meningococcal vaccines

— Salmonella and influenza virus vaccines as indicated



Recommended immunization schedule for sickle cell disease

Meningococcus

Age category Pneumococcus |and Haemophilus Influenza
influenzae type b

Under 2 years Routine Routine Age 6 & 7 months
Age 2-5 years (fully . Booster dose given as the
immunized) Next Slide Hib/ACYW135 vaccine Annual
Age 2_5. years . Two doses of the Hib/ACYW135
(unvaccinated or Next Slide . . Annual

. . vaccine given 2 months apart
partially vaccinated)
Age .>5 years (fully Next Slide Two doses of the Hib/ACYW135 Annual
vaccinated) given 2 months apart
Age >5 Years Next Slide Two .dose.s of the Hib/ACYW135 Annual
(unvaccinated) vaccine given 2 months apart
Reinforcin ACYW135 vaccine every 5 years,

& Next Slide Hib vaccine not currently Annual

immunization

recommended

N/B — Typhoid vaccine should be given as indicated




Current ACIP Recommendations for Pneumococcal Vaccination in
Infants & Children

Age and/or risk group Previous vaccination | Recommended vaccination

6 weeks — 6 months No previous doses « PCV13,3+1

7 — 11 months No previous doses « PC13, 2+1

12 — 23 months No previous doses « PCV13: 2 doses

14 — 59 months Full schedule PCV7 « PCV13: 1 dose

24 — 59 months Incomplete schedule « 2 doses of PCV13
of doses or <3 doses < 1 dose of PPV23 at least
of PCV7 8 weeks following

24 — 59 months (Healthy) « PCV13: 1 dose

Incomplete schedule ¢ 1 doses of PCV13
of PCV13 or PCV7 * 1 dose of PPV23 at least
8 weeks following

<3 doses of PCV13 e 2 doses of PCV13

2 — 5 years (Risk Groups) or PCV7 « 1 dose of PPV23 at least
8 weeks following
Full Schedule of e 1 dose of PCV13

PCV7/

MMWR. 2015.
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Age and/or risk group Previous vaccination Recommended vaccination

Current ACIP Recommendations Pneumococcal
Vaccination in Children 6 — 18 years

6-18 years of age with

Anatomic or functional asplenia
SCD or other hemoglobinopathies
Cochlear implant; CSF leak
Immunocompromising conditions
as HIV
Chronic renal failure
Nephrotic syndrom
Diseases treated with immunosuppressive
drugs, or radiation therapy
Congenital or acquired immunodeficiency
Malignant neoplasms, as leukemia, lymphoma,
Hodgkin’s disease, generalized malignancy or
multiple myeloma
Solid organ transplantation

6-18 years of age with

Chronic heart disease

Chronic lung disease, including asthma if treated
with high-dose corticosteroids

Chronic liver disease

DM

Alcoholism

No PCV13 e 1 dose of PCV13
e 1 dose of PPV23 at least
8 weeks following

If not received PPV23 or ¢ PPV231 dose
received PCV13



ACIP Recommends 13-Valent Pneumococcal Conjugate
Vaccine for Immunocompromised Adults Aged 219 Years?

* ACIP defines immunocompromised persons as those with the following
underlying medical conditions or other indications:

K Congenital or acquired Generalized malignancy \

immunodeficiency * Diseases requiring treatment with

 HIVinfection immunosuppressive drugs,
 Chronic renal failure including _ _ _

. Nephrotic syndrome g)rng-term systemic corticosteroids
* Leukemia radiation therapy

* Lymphoma * Solid organ transplantation

* Hodgkin disease

\\ *  Multiple myeloma /

* Persons with functional or anatomic asplenia, cerebrospinal fluid leaks, or
cochlear implants are also included in the ACIP recommendation for
vaccination with 13-valent pneumococcal vaccine

ACIP=Advisory Committee on Immunization Practices; HIV=human immunodeficiency virus.

1. Centers for Disease Control and Prevention (CDC). MMWR Morb Mortal Wkly Rep. 2012;61:816-819.



ACIP Recommendations for Use of PCV 13

in Adults 19-64 Years
ACIP Voted to Recommend the Use of PCV 13 for Adults

19 Years of Age and Older with Immunocompromising Conditions

e Recommendation for PPSV23-naive adults:

— We recommend adults 19 years of age or older with immunocompromising conditions®,
functional or anatomic asplenia, CSF leaks or cochlear implants, and who have not
previously received PCV 13 or PPSV23

 Recommendation for adults previously vaccinated with PPSV23:

— We recommend adults 19 years of age or older with immunocompromising conditions®,
functional or anatomic asplenia, CSF leaks or cochlear implants, and who have previously
received one or more doses of PPSV23,

— For those that require additional doses of PPSV23, the first such dose should be given no
sooner than 8 weeks after PCV 13 and at least 5 years since the most recent dose of
PPSV23

* ACIP defines immunocompromising conditions as: congenital or acquired immunodeficiencies; HIV infection; chronic renal failure or nephrotic syndrome; leukemias, lymphomas,
Hodgkins disease; generalized malignancy; diseases requiring treatment with immunosuppressive drugs, including long-term systemic corticosteroids or radiation therapy; solid
organ transplantation; and multiple myeloma. ACIP, Advisory Committee on Immunization Practices; PPSV, pneumococcal polysaccharide vaccine; CSF, cerebrospinal fluid;

HIV, human immunodeficiency virus.

1. Centers for Disease Control and Prevention. Recommended Adult Immunization Schedule—United States — 2020.
http://www.cdc.gov/vaccines/schedules/downloads/adult/adult-schedule.pdf. Accessed September 15th 2020.



http://www.cdc.gov/vaccines/schedules/downloads/adult/adult-schedule.pdf

ACIP Recommendations for Use of PCV 13
Adults +65

Recommendation for PPSV23-naive adults:

e Adults 65 years of age or older who have not previously received
pneumococcal vaccine or whose previous vaccination history is

unknown should receive a dose of PCV13 first, followed by a dose
of PPSV23 (6-12 months)

Recommendation for adults previously vaccinated with PPSV23:

* Adults 65 years of age or older who have not previously received
PCV13 and who have previously received one or more doses of
PPSV23 should receive a dose of PCV13

ACIP guidance on sequencing of PCV13 and PPSV13 within the

MMWR (Morbidity and Mortality Weekly Report), Vol. 36,
September 19, 2014




Sequence and Spacing in adults > 65 years
(New Recommendation Sept. 2015)

Pneumococcal Vaccine-naive Persons Aged 265 Years

PCV13 at age 265 years s PPSV23

\ J

21 4’ear
Persons Who Previously Received PPSV23 at Age 265 Years
PPSV23 already received PCV13
at age 265 years
\ J
|
21 Year

Persons Who Previously Received PPSV23 before Age 65 Years Who Are Now Aged 265 Years

PPSV23 already received PCV13 at age PPSV23
at age 265 years 265 years
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