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Pneumococcal	Disease

• S.	pneumoniae first	isolated	by	Pasteur	in	
1881

• Confused	with	other	causes	of	
pneumonia	until	discovery	of	Gram	stain	
in	1884

• More	than	80	serotypes described	by	
1940

• First	U.S.	vaccine	in	1977
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Pneumococcal	Disease:	A	Family's	
Story
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Pneumococcal	Infections	in	Children	
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Streptococcus	pneumonia

• Gram-positive	
organisms

• Polysaccharide	
capsule	 important	
pathogenicity	 factor

• 92	serotypes	
documented	 as	of	
2011

• Type-specific	 antibody	
is	protective
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Alberto	Baldasseroni,	Sara	Franchi,	Claudia	Dellisanti.	Dossier.	Introduzione	universale	della	vaccinazione	contro	le	patologie	causate	da	
Streptococcus pneumoniae nei	bambini	e	negli	adulti:	prove	di	efficacia.	Gruppo	per	la	“EvidenceBased Prevention”.	Agenzia	regionale	di	
Sanità	Toscana.	Anno	2007
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Pneumococcal	Pneumonia	
Clinical	Features	

• Abrupt	onset	of	fever	
• Chills	or	rigors	
• Pleuritic chest pain	
• Productive	cough	
• Dyspnea,	tachypnea,	hypoxia
• Tachycardia,	malaise,	weakness
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Pneumococcal	Pneumonia	

• Estimated	400,000	hospitalizations	per	
year	in	the	United	States	

• Up	to	36%	of	adult	community-acquired	
pneumonias	

• Common	bacterial	complication	of	
influenza	

• Case-fatality	rate	5%–7%,	higher	in	
elderly	
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Microbial aetiology of	community-acquired
pneumonia	and	its relation	to	severity

Cillóniz C	et	al, Thorax.	2011
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age

Among	adults,	bacteriemic pneumonia	 accounted	
around	80%	of	pneumococcal	 diseases
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Pneumococcal	Bacteremia	

• More	than	12,000	cases	per	year	in	the	
United	States

• Case-fatality	rate	~20%;	up	to	60%	
among	the	elderly
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Mortality of	patients with	CAP	

1966-1995
12,3%
(n=4.432)1

1995-1997
12%

(n=5.837)2

1999-2002
12%
(n=730)3

2009
11,5%

(n=11.332)4

1.	Fine	MJ,	et	al.	JAMA.	1996;275:134-141.	2.	Feikin DR,	et	al.	Am	J	Pub	Health.	
2000;90:223-229.	3.	Restrepo MI,	et	al.	Chest.	2008;133:610-617.4.	Klausen	HH	et	
al.	Respir Med.	2012;106:1778-87.	5.	Torres	A,	Persistent	burden of	pneumococcal
disease in	adults.	ECCMID	2015		
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Pneumococcal	Meningitis	

• Estimated	3,000–6,000	cases	per	year	in	
the	United	States	

• Case-fatality	rate	8%	among	children	
• Case-fatality	rate	22%	among	adults	
• Neurologic	sequelae common	among	
survivors	
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Conditions	That	Increase	Risk	for	
Invasive	Pneumococcal	Disease	

• Decreased	immune	function	— including	
hematologic	cancer	and	HIV	infection	

• Asplenia (functional	or	anatomic)	
• Chronic	heart,	pulmonary	(including	
asthma	in	adults),	liver	or	renal	disease	

• Cigarette smoking	(in	adults)	
• Cerebrospinal fluid (CSF)	leak
• Cochlear	implant	



SC
U
O
LA

D
I
M

ED
IC

IN
A

CO
R
SO

D
I
IG

IE
N
E

Pneumococcal	Disease	in	Children	

• Bacteremia	without	known	site	of	
infectionmost	common	clinical	
presentation	

• S.	pneumoniae leading	cause	of	bacterial	
meningitis among	children	younger	than	
5	years	of	age	

• Common	cause	of	acute	otitis	media
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Burden	of	Pneumococcal	Disease	in	
Children- USA*	

Syndrome Case
Bacteriemia 13,000
Meningitis	 700
Death 200
Otitis	media 5,000,000

*Prior	to	routine	use	of	pneumococcal	conjugate	vaccine	
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Children	at	Increased	Risk	of	Invasive	
Pneumococcal	Disease	

• Functional	or	anatomic	asplenia,	
particularly	sickle	cell	disease	

• Immune	compromise,	including	HIV	
infection	

• Alaska	Native,	African	American,	American	
Indian	(Navajo	and	White	Mountain	
Apache)	

• Child	care	attendance	
• Cochlear	implant
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Laboratory Diagnosis

• isolation	of	the	organism	from	blood or	
other	normally	sterile	body	sites	(CSF)
– PCR
– Culture

• On	sputum:	
– more	than	25	white	blood	cells	
– fewer	 than	10	epithelial	 cells	per	high-power	
field

– predominance	 of	gram-positive	 diplococci
• urinary	antigen	
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Pneumococcal	Disease	Epidemiology	

Reservoir Human carriers
Transmission	 Respiratory	and	Autoinoculation	

Temporal	pattern	 Winter	and	early	spring	
Communicability	 Unknown	(Probably	as	long	as	

organism	appears	in	respiratory	
secretions)
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Pneumococcal	Vaccines	

Year	 Vaccine
1977 14-valent	polysaccharide	vaccine	

licensed	
1983 23-valent	polysaccharide	vaccine	

licensed	(PPSV23)	
2000 7-valent	polysaccharide	conjugate	

vaccine	licensed	(PCV7)	
2010 13-valent	PCV	licensed	
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Pneumococcal Polysaccharide
Vaccine	

• Purified	capsular	polysaccharide	antigen	
from	23	types	of	pneumococcus	

• Account	for	60%	–76%	of	bacteremic
pneumococcal	disease
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Pneumococcal Polysaccharide
Vaccine	

• Purified	pneumococcal	polysaccharide	
(23	types)	

• Not	effective	in	children	younger	than	2	
years	

• 60%–70%	effective	against	invasive	
disease	

• Less	effective	in	preventing	
pneumococcal	pneumonia



SC
U
O
LA

D
I
M

ED
IC

IN
A

CO
R
SO

D
I
IG

IE
N
E

Pneumococcal	Conjugate	Vaccine	

• Purified	capsular	polysaccharide	from	13	
types	of	pneumococcus	conjugated	to	
nontoxic	diphtheria	toxin	(CRM197)	

• In	2008	vaccine	serotypes	contained	in	
PCV13	accounted	for	61%	of	invasive	
pneumococcal	disease	cases	among	
children	younger	than	5	years
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Pneumococcal	Conjugate	Vaccine	

• More	than	90%	effective	against	invasive	
disease	caused	by	vaccine	serotypes	in	
children	

• 45%	effective	against	vaccine-type	non-
bacteremic pneumococcal	pneumonia	in	
adults	older	than	65	years	

• 75%	effective	against	vaccine-type	
invasive	disease	in	adults	older	than	65	
years	
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Pneumococcal	Conjugate	Vaccine	
Recommendations	

• Routine	vaccination	of	children	2	through	
59	months	of	age	

• Vaccine	schedule:
– USA:	doses	at	2,	4,	6,	months	of	age,	booster	
dose	at	12–15	months	of	age

– Italy:	doses	at	3,	5/6,	11/12	months	of	age	
• First	dose	as	early	as	6	weeks	
• Unvaccinated	children	7	months	of	age	or	
older	require	fewer	doses	

• Adults	65	years	old	and	older	(1	dose)	
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Pneumococcal	Conjugate	Vaccine	Schedule	for	
Unvaccinated	Older	Children-Primary	Series	

Age	at	first	dose	 Numner of	doses booster

7—11months 2	doses Yes

12-23	months 2	doses No

24-59	months 1	dose NO

Subjects >24/71	months	of	age,	affected	by:
• chronic	heart
• lung	disease
• diabetes
• CSF	leak
• cochlear	implant
• sickle-cell	 disease
• other	hemoglobinopathies
• functional	or	anatomic	asplenia
• HIV	infection
• immunocompromising conditions
Required2	doses	of	vaccine	and	a	booster	after	5	years
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Pneumococcal	Conjugate	Vaccine	High-risk	
Schedule	— Children	6	years	through	18	years	

• Anatomic	asplenia (including	sickle-cell	
disease)	

• Immunocompromising conditions	(e.g.	HIV	
infection)	

• Cochlear	implant	
• Cerebrospinal fluid leak

Single	dose	if	no	dose	of	PCV13	received	
previously	
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Pneumococcal	Conjugate	Vaccine	for	
Persons	65	Years	Old	and	Older	

• For	those	who	have	not	received	PCV13	
previously,	administer	a	dose	of	PCV13	

• A	dose	of	PPSV23	should	be	administered	6-
12	months	after	the	dose	of	PCV13	

• Do	not	administer	the	two	vaccines	
simultaneously	

• Adults	who	previously	received	a	dose	of	
PPSV23	should	receive	PCV13	no	earlier	
than	1	year	after	the	dose	of	PPSV23
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Pneumococcal	Conjugate	Vaccine	High-risk	
Schedule	– Adults	19	and	older	

• Anatomic	asplenia (including	sickle-cell	
disease)	

• Immunocompromising conditions	(e.g.	
HIV	infection)	

• Cochlear	implant	
• Cerebrospinal fluid leak
PCV13	administered	first	followed	by	a	
dose	of	PPSV23	8	weeks	later
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Pneumococcal Polysaccharide
Vaccine	Recommendations

• Adults	65	years	and	older	
• Persons		aged	>2	years	with	chronic	illness	
– anatomic	or	functional	 asplenia
– immunocompromised (disease,	chemotherapy,	
steroids)	

– HIV	infection	
– environments	or	settings	with	increased	 risk	
– cochlear	 implant	
– CSF	leak	
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Pneumococcal	 Polysaccharide	 Vaccine	Revaccination	—
High-risk	Immunocompetent Persons	

• Routine	revaccination	of	immunocompetent persons	is	not	
recommended	

• Revaccination	recommended	for	immunocompetent persons	2	
through	64	years	of	age	who	are	at	high	risk	of	serious	
pneumococcal	infection	chronic	heart	disease	
– pulmonary	disease	 (including	asthma,	19	years	and	older)	
– liver	disease	
– alcoholism	
– CSF	leaks	
– cochlear	implants	
– those	who	smoke	cigarettes	(19	years	and	older)	

• Single	revaccination	dose	at	least	5	years	after	the	first	dose	and	
after	the	65th	birthday
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Pneumococcal	Polysaccharide	Vaccine	
Revaccination	— Highest-risk	Persons	

• Persons	2	years	of	age	or	older	with:	functional	
or	anatomic	asplenia
– immunosuppression	
– transplant	
– chronic	renal	failure	
– nephrotic syndrome	

• A	revaccination	dose	5	years	after	the	first	dose	
• For	those	who	receive	2nd	dose	prior	to	the	65th	
birthday,	a	third	dose	is	recommended	after	the	
65th	birthday	(and	at	least	5	years	from	the	
second	dose)	
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Pneumococcal	Vaccines	
Contraindications	and	Precautions	

• Severe	allergic	reaction	to	vaccine	
component	or	following	prior	dose	of	
vaccine	

• Moderate	or	severe	acute	illness
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Pneumococcal	Conjugate	Vaccine	
Adverse	Events	

Events	reported	after	PCV7	include	apnea	
– hypersensitivity	reactions	
– dyspnea
– bronchospasm	
– anaphylactic/anaphylactoid reactions	
– angioneuroticedema
– erythema	multiforme
– injection	site	reactions	
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Pneumococcal	Vaccines	Adverse	
Reactions	

• Local	reactions	
– polysaccharide	30%–50%	
– conjugate	5%–49%	

• Fever,	myalgia
– polysaccharide <1%	
– conjugate	24%–35%	

• Febrile	seizures	
– conjugate	1.2–13.7/100,000	
– conjugate	(with	TIV)	4–44.9/100,000	

• Severe	adverse	reactions	
– polysaccharide	rare	
– conjugate	8%
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Impact	of	PCV7	on	IPD	burden - USA
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Impact	of	PCV13	on	IPD	burden –
England and	Wales

Cumulative	number	of	cases	of	IPD	in	
children	<2	years	of	age	by	serotype	and	
epidemiological	year	July	to	June	
2006/2007	to	2010/2011	–Serotype	7F

2010
-11

2009
-10

201
0-
11

2009
-10

Cumulative	number	of	cases	of	IPD	in	
children	<2	years	of	age	by	serotype	and	
epidemiological	year	July	to	June	
2006/2007	to	2010/2011	–Serotype	19A

Miller	E,	et	al.	Effectiveness of	the	new	serotypes in	the	13-valent	pneumococcal conjugatevaccine.	Vaccine	2011;	29(49):	
9127-31.

2010
-11
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Cumulative	numberof	casesof	IPD	in	children <2	yearsof	age by	serotype
and	epidemiological year July to	June 2006/2007	to	2010/2011	–
Serotypes1,	3,	5,	6A,	6C	combined



SC
U
O
LA

D
I
M

ED
IC

IN
A

CO
R
SO

D
I
IG

IE
N
E

Trend	of	IPD	among adults– England and	Wales,	
2000-10	

Health ProtectionAgency	(HPA)	National	Surveillance

Miller	E,	et	al.	Herd immunity and	serotype replacement 4	years after seven-valent
pneumococcal conjugate vaccination in	England and	Wales:	an	observational cohort study.	
Lancet	InfectDis 2011;	11:	760–68

PCV7

PCV7
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Burden	of	pneumococcal	diseases

Despite mass vaccination
programs, carried out in 

several countries, 
according to WHO statistics

every year 1,6 milion
persons died for 

pneumococcal diseases; of 
these, 1 milion is aged <5 

years

Arch Dis Child	2010;95:973
World	HealthOrganization.	Pneumococcal conjugate vaccine	for	childhoodimmunization –WHO	position	paper.	Wkly
Epidemiol Rep	2007;12:93-104


