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Vaccines for Prevention of Otitis Media and Pneumonia in Children

Hoan Jong Lee, M.D.

Department of Pediatrics, Seoul National University College of Medicine, Seoul, Korea

Acute otitis media (AOM) and pneumonia are among the most common infectious diseases of children, Both are mucosal
infections and share many common features such as etiological agents, pathogenesis and immunity. Influenza plays an
important role in the pathogenesis of AOM and pneumonia, A vaccine against influenza may have substantial impact
on these diseases during the influenza season, In clinical trials, influenza vaccine has reduced the incidence of AOM and
pneumonia complicating influenza in children, However, the efficacy of vaccines has been controversial in children less
than 2 years of age. Similarly, vaccines against Streptococcus pneumoniae and Haemophilus influenzae type b (Hib), both
common causes of AOM and pneumonia, have the potential to reduce the impact of disease. Clinical trials showed that
the currently licensed 7—valent pneumococcal conjugate vaccine (PCV), administered during infancy, had an efficacy of
6-—7% for the prevention of AOM, however, visits to the clinic for AOM were reduced by up to 20—30% after routine use
in the U.S, Both Hib and PCVs have a proven effectiveness of )20% for prevention of radiologically confirmed pneumonia
in children, The recently introduced pnuemococcal vaccine conjugated with protein D is expected to reduce AOM and
pneumonia caused by non—typable H. influenzae, in addition to its effects on pneumococcal diseases, Considering their
high incidence in children, recent achievements in the prevention of AOM and pneumonia with vaccines may have a
significant economic and social impact, (Korean J Pediatr Infect Dis 2009;16:13—23)
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Table 1. Bacteriology of Acute Otitis Media Based on Middle Ear Fluid Cultures, 1970-1993

% Recovered from Middle Ear Fluid Cultures

Year No. of studies No. of patients

S. pneumoniae H. influenzae M. catarrhalis
1970-1979 3 1,201 31 (24-35) 23 (18-3D) 3 (0-8)
1980-1989 7 3,537 23 (18-28) 20 (6-32) 8 (0-16)
1990-1993 2 3,330 32 (23, 35) 21 (19, 23) 15 (14, 15)

"Numbers in parentheses, range of values
Adopted from Pediatr Infect Dis | 1994:13:223-6.”
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Table 2. Characteristics and Results of Randomized Trials Measuring the Efficacy of Pneumococcal Conjugate

Vaccines against Acute Otitis Media

Trial Desion Stud lation Vaccination Follow—up Primary Vaccine efficacy
[references] esig udy popuiatio schedule period outcomes estimate  (95%CI)
Northern Randomized 37,868 infants 2-month—old PCV7-CRMI197 at Until 42 months All AOM episodes ITT: 6% (4-8%)
California double-blind enrolled in a non—profit 2, 4, 6, and 12-15  of age in person—time PP: 7% (4-9%)
Kaiser trial health maintenance months of age
Permanente” ¥ organisation
Finnish Otitis ~ Randomized 1,662 infants 2-month-old ~ PCV7-CRM197 at  Until 24 months All AOM episodes using PP: 6%
Media I*'” double-blind living In three regions in 2, 4, 6, and 12 of age Cox regression model  (-4% to 16%)
trial Finland” months of age All AOM episodes caused PP: 57%
by vaccine-type Sp (44-67%)
From 24 months At least one AOM PP: 8%
until 4-5 years episode during (=2% to 16%)
of age follow—up
Beer—Sheva'” Randomized 264 children aged 12-35 PCV9-CRM197 one Average follow—up All AOM episodes in PP: 17%

double-blind months attending

trial 8—day—care centers in
Southern Israel

944 American Indian

Navajo and Double-blind

or two dose

according to age

at enrolment
PCV7-CRM197 at

was 22 months person—time (2% to 33%)

Average follow—up All AOM episodes per PP: 0%

White community— infants 2-7-month-old 2, 4,6, and 12-15  was 22 months person—time (=19% to16%)
Mountain randomized living in  rural months of age following third
Appache'? trial communities vaccine dose
All AOM episodes per PP: 0%
person—time (=21% to 17%)
All AOM episodes caused PP: 64%
by vaccine-type Sp (=34% to 90%)
Finnish Otitis ~ Randomized 1,666 infants 2-month—old ~ PCV7-NmOMP at  Until 24 months All AOM episodes using PP: -1%
Media 11" double—blind living in three regions 2, 4, 6, and 12 of age Cox regression model (-12% to 10
trial in Finland® months of age All AOM episodes caused PP: 56%
by vaccine-type Sp (44-66%)
Pneumococcal ~ Randomized 4,968 infants 2-month—old ~ PCV11-HiD at 3, 4, Until 24-27 All AOM episodes using PP: 34%
Otitis double-blind attending paediatric clinics 5, and 12-15 months of age Cox regression model (21-44%)
Efficacy trial in the Czech Republic months of age All AOM episodes caused PP: 58%
Trial" and Slovakia by vaccine-type Sp (41-69%)

AOM, acute otitis media; PP, per protocol analysis; ITT, intention—to—treat analysis
*The same control group was used for assessing PCV7-CRM197 and PCV7-NmOMP vaccines.

Adopted from Vaccine 2009;27:2877-836).
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Table 3. Efficacy and Effectiveness of Influenza Vaccine
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Influenza-like illness—effectiveness Influenza cases—efficacy

Acute otitis media

RR  (95% CI)

[No. of trials]

RR (95% CI)
[No. of trials]

RR (95% CI)
[No. of trials]

Age
<2 yrs 0.67 (0.58-0.77) [1] 0.55 (0.18-1.69) [2]
<6 yrs 0.62 (0.56-0.69) [7] 0.39 (0.19-0.80) [9]
>6 yrs 0.65 (0.61-0.70) [15] 0.33 (0.19-0.56) [9]

Type of vaccine

Inactivarted 0.55 (0.45-0.67) [9] 0.38 (0.25-0.55) [11]
Live attenuated 0.65 (0.60-0.70) [10] 0.28 (0.13-0.62) [7]

Vaccine/circulating strains matching

No 0.68 (0.64-0.73) [11] 0.22 (0.13-0.37) [5]
Yes 0.59 (0.51-0.69) [8] 0.39 (0.25-0.60) [13]

0.88 (0.54-1.42) [3]
0.46 (0.26—-0.83) [7]
Not estimable [2]

0.68 (0.40-1.16) [6]
0.27 (0.10-0.75) [5]

0.06 (0.01-0.24) [1]
0.60 (0.39-0.92) [10]

Adopted from Pediatr Infect Dis | 2007;26:97-106>"
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Table 4. Microbial Causes of Community-acquired
Pneumonia in Childhood, according to Age

Age grouping Cause’

Birth to Group B streptococci
20 days Gram—negative enteric bacteria
Cytomegalovirus
Listeria monocytogenes
3 Weeks to Chlamydia trachomatis
3 months Respiratory syncytial virus
Parainfluenza virus 3
Streptococcus pneumoniae
Bordetella pertussis
Staphylococcus aureus
4 Months to Respiratory syncytial virus,
4 years parainfluenza viruses, influenzavirus,

adenovirus, rhinovirus
Streptococcus pneumoniael
Haemophilus influenzae (type b,

other types, and nontypable forms)
Mycoplasma pneumoniae
Mycobacterium tuberculosis
Mycoplasma pneumoniae
Chlamydia pneumoniae
Streptococcus pneumoniae
Mycobacterium tuberculosi

5 to 15 years

*Causes are listed roughly in the descending order of frequency.
Adopted from Mclntosh K. N Engl ] Med 2002;346:429—
3726)
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Navajo, USA (rural)
(K 0'Brien, personal
correspondence)
American Indians
PCV-7 cluster randomized

HibCV DBRCT
VE: 22%; 95% Cl: 2-39;
VAR: 0.8

The Gambia (semi-urban)28

Bangladesh (urban)34
HibCV case—control study
VE hospital controls:

34%; 95% Cl: 6-44;

VE community controls:

The Gambia (rural)3?
PCV-9 DBRCT
VE: 35%; 95% CI: 26-43;

VAR: 14.9

VE: —2%; P> 0.05

Northern California, | ©
USAs3S

PCV-7 DBRCT
VE: 30%; 95% Cl: 11-46

Colombia (urban)33
HibCV case—control study
VE: 55%; 95% CI: 7-78

Ghile (urban)3o
HibCV RCT (retrospective)
VE: 22%; 95% Cl. —7-43;
VAR: 1.1

Brazil (urban)32
HibCV case—control study
VE: 31%; 95% Cl: -9-57

44%; 95% CI: 20-61

Philippines (rural)3a
PCV-11 DBRCT
VE: 22.9%;
95% Cl: —1-41

South Africa (urban)36
PCV-9 DBRCT
HIV infected children:
VE: 9%; 95% Cl: —15-27;
VAR: 9.1
HIV non-infected children:
VE: 25%; 95% Cl: 4-40;
VAR: 1.0

Indonesia (rural)31
HibCV DBRCT
VE: -12%; P=0.05

Fig. 1. Global distribution of PCV and HibCV studies against radiologically confirmed pneumonia®® €. CI, confidence
interval; DBRCT, double-blind randomized controlled trial; HibCV, Haemophilus influenzae type b conjugate vaccine;
PCV, pneumococcal conjugate vaccine; USA, United States of America; VAR, vaccine attributable reduction per 1000
child years of observation; VE, vaccine efficacy based against radiologically confirmed pneumonia by use of per—protocol
analysis when available. “Figure adopted from Bull World Health Organ. 2008;86:365-72.

PAll the studies evaluating PCV, as well as the HibCV studies in Indonesia and Bangladesh, used the WHO
recommendations for interpreting and reporting on chest radiographs.

“The study from Colombia used an algorithm score which included radiologically confirmed pneumonia as one of the

criteria.
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