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Herd Effects Improve Cost-effectiveness of  
Pneumococcal Conjugate Vaccine 
 

neumococcal conjugate vaccine (PCV) 
has been routinely used in children ≤23 
months of age since its introduction to 

the United States in February 2000. PCV has 
been effective in reducing the incidence of 
invasive pneumococcal disease (IPD), as well as 
pneumonia and otitis media in children. Rates 
of IPD among adults have also decreased since 
the introduction of the vaccine.  

Considering that most cases of pneumo-
coccal disease and most deaths from this  
disease in the United States occur in adults, 
incorporating potential herd effects from an 
adult population may significantly improve 
the cost-effectiveness of the vaccine. Because 
previous cost-effectiveness analyses of PCV 
had not included the effect of the vaccine on 
nonvaccinated persons, this study by Ray and 
colleagues sought to reevaluate the impact of 
PCV on pneumococcal disease and its cost-
effectiveness by including the effects of a 
reduction in IPD for nonvaccinated persons—
both children and adults—during the first  
5 years of PCV use in the United States. 

A revised analysis model was used to 
simulate the effects of PCV on children vacci-
nated between 2000 and 2004 and to incor-
porate the vaccine’s effectiveness in reducing 
IPD in nonvaccinated persons during those 
years. The changes in the rate of IPD in the 
nonvaccinated population since the introduc-
tion of PCV was estimated from data pub- 

lished by the Active Bacterial Core Surveil-
lance of the Centers for Disease Control and 
Prevention from 2000 to 2004 and compared 
with the prevaccine baseline data from 1997 
to 1999. The rate of IPD in the nonvaccinated 
population declined steadily each year from 
2000 to 2004 after PCV was introduced. By 
2004, rates fell by 38% for persons 5 to <15 
years of age, 47% for persons 15 to <45 years 
of age, 20% for persons 45 to <65 years of 
age, and 36% for persons 65 and older. 

Approximately 70% of children born dur-
ing the study period received 3 to 4 doses of 
PCV, which represents 14 million children re-
ceiving a total of 52 million doses between 
2000 and 2004 in the United States. The re-
maining 30% of children were included in the 
nonvaccinated population. A considerable 
herd effect was also observed in children <5 
years of age and the reduction in IPD among 
nonvaccinated children increased from 5% in 
2000 to 68% in 2004, similar to the average 
direct effect of the vaccine in that age group. 

Using a previously published model with-
out incorporating herd effects in the analysis, 
PCV was estimated to have averted 38,000 
cases of IPD during its first 5 years of use at a 
cost of $33,000 per IPD case averted and 
$112,000 per life-year saved. After incorporat-
ing the reductions in IPD for nonvaccinated 
individuals, the vaccine averted 109,300 cases 
of IPD at a cost of $5,500 per IPD case averted  
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Both kindergarten and  

school children from the  

vaccinated communities had 

significantly fewer incidences 

of influenza-like illnesses 

than children from the  

control communities. 

Herd Effects Improve Cost-effectiveness (Continued) 
 

and $7,500 per life-year saved. It was cost-
saving if the indirect effect included the re-
duction of pneumonia in the unvaccinated 
population. When the herd effect was as-
sumed to be half that of the base case, the 
cost per life-year saved was $18,400. The net 
cost per child vaccinated was also reduced 
from $91 to $43 when herd protection was 
incorporated. 

Based on these data, Ray and colleagues 
concluded that the rate of IPD was substan-
tially reduced in nonvaccinated children and 
adults since the introduction of PCV. Further- 

more, the IPD herd effects in the nonvacci-
nated population also greatly improved the 
cost-effectiveness of PCV.  Overall, the cost-
effectiveness of PCV in actual use has been 
more favorable than predicted by estimates 
created before the vaccine was licensed in 
2000. 
 
 
Ray GT, Whitney CG, Fireman BH, et al.  
Cost-effectiveness of pneumococcal conjugate  
vaccine: evidence from the first 5 years of use  
in the United States incorporating herd effects. 
Pediatr Infect Dis J. 2006;25:494-501. 

 

COMMENTARY 
 

JAIME E. FERGIE, MD, Director, Pediatric Infectious Disease, Driscoll Children’s Hospital,  
Corpus Christi, Texas. 
The most intuitive way to measure the benefit of a vaccine is to quantify the reduction in the number of 
cases that occur after a vaccine has been implemented. From this perspective, the results of the 
widespread use of the pneumococcal conjugate vaccine (PCV) have been remarkable. In the article by Ray 
et al, the first 5 years of PCV use averted 109,300 cases of invasive pneumococcal disease when the 
benefits of herd immunity were calculated. Policymakers need a measure of cost-effectiveness for every 
medical intervention. A frequently used measure of cost-effectiveness is the cost per life-year saved. 
Previous studies did not include the decrease in invasive pneumococcal disease for the nonvaccinated 
population. When the authors incorporated herd immunity into their calculations, they found the vaccine 
could generate a cost savings because of the potential impact it had on pneumonia in nonvaccinated 
persons; otherwise, it would cost $7,500 per life-year saved. 
 

 

Mass Influenza Immunization in Children Reduces 
Morbidity of Unvaccinated Elderly 
 

hildren of preschool and school age are 
known to be more susceptible to influ-

enza infection and play a major role in 
spreading the disease. Although infection 
with influenza is less frequent in persons aged 
>65 years, the influenza-related death rate is 
the highest in this age group. 

During the 1999-2000 epidemic season in 
the United States, the elderly accounted for 
40% of hospital admissions due to influenza-
related causes and 90% of influenza-associated  
fatalities. Previous studies demonstrated that 
immunization of schoolchildren against influ-
enza substantially reduced the infection rate 
in other age groups as well as mortality 
among non-immunized elderly persons during 
influenza epidemics. In this study, Ghendon 
and colleagues evaluated the clinical effec-
tiveness of mass influenza immunization  
in schoolchildren and its impact on the  
morbidity of unvaccinated elderly adults  
who normally reside in the same household  
as their children and grandchildren. 

A mass immunization campaign using a 
single dose of the inactivated influenza vac-
cine (Influvac®) was conducted in November 
of 2001 involving children 3 to 6 years of age 
attending kindergartens (57.4% of 6,374) and 
aged 7-17 years attending schools (72% of 
34,237) in two Moscow regional communities. 
Over 80% of the medical staff working in the 
schools and outpatient care facilities were 
vaccinated in all study communities. The vac-
cine strains were well matched to the circulat-
ing strains (A/H3N2 and B) from the December 
2001 to March 2002 influenza epidemic. Inci-
dence of influenza-like illnesses in children 
from these communities was compared with 
those in children from control communities, 
where not more than 1% of children were 
immunized against influenza. Both kindergar-
ten and school children from the vaccinated 
communities had significantly fewer inci-
dences (2.56 times and 3.2 times, P<0.01) of 
influenza-like illnesses than children from the 
control communities. The clinical effectiveness  
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Mass Influenza Immunization in Children (Continued) 
 

of vaccination was 60.9% for kindergarten 
children, 68.8% for school children, and 
63.7% for both kindergarten and school  
children (P<0.01). 

The impact from the mass influenza im-
munization of schoolchildren on the morbid-
ity of the unvaccinated elderly was evaluated 
using a comparison of the occurrence of  
influenza-like illnesses with other influenza-
related diseases in noninstitutionalized elderly 
persons aged >60 years (n=158,451) residing 
both in the immunized communities 
(n=82,051) and in the control communities 
(n=76,401). A significant reduction (3.4 times, 
P<0.01) in the rate of influenza-like illnesses 
was also observed in the elderly from the  
immunized communities as compared with 
the control communities (0.07% vs 0.24%).  

Furthermore, significant decreases (1.7 to 
2.6 times, P<0.01) were also found in the  
episodes of seven diseases considered to be  

possible complications of influenza, including 
pneumonia, bronchial asthma, chronic bron-
chitis, cardiovascular diseases, diabetes  
mellitus, gastrointestinal diseases, and chronic 
pyelonephritis. The immunized communities, 
however, had a higher incidence of rheuma-
toid arthritis than the control communities 
(0.17% vs 0.13%, P<0.05). 

The authors conclude that the mass  
influenza vaccination of children not only 
effectively prevented influenza-like illnesses 
in most children but also substantially reduced 
the occurrence of these and several associated 
illnesses in unvaccinated noninstitutionalized 
elderly persons living in the same community. 
 
 

Ghendon YZ, Kaira AN, Elshina GA. The effect of 
mass influenza immunization in children on the 
morbidity of the unvaccinated elderly. Epidemiol 
Infect. 2006;134:71-78. 

 

Clinical Insights ® in Pediatric Respiratory Care Post-Test 
 

1. As described in Ray et al, during a previously published model without incorporating herd  
effects in the analysis, how many cases of IPD was PCV estimated to have averted during its  
first 5 years of use? 
a. 20,000 cases 
b. 38,000 cases 
c. 50,000 cases 
d. 60,000 cases 
 

2. Which of the following statements is false regarding the results of mass influenza immunization 
described in the Ghendon et al study? 
a. Both kindergarten and school-age children had a higher incidence of influenza-like  

illness in the immunized communities. 
b. The unvaccinated elderly in the control communities had a higher incidence of  

influenza-like illness. 
c. Fewer episodes of influenza-associated illnesses were observed in the unvaccinated elderly 

from the immunized communities.  
d. Similar clinical effectiveness was observed after the influenza vaccination was administered  

to both kindergarten and school-age groups of children. 
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For more information about upcoming PRCI® CME activities,  
visit us at www.ppscme.org. 

PRCI MISSION  
STATEMENT 
The PRCI is a multicomponent 
educational program on  
pediatric respiratory disorders 
designed for pediatricians,  
primary care physicians, pediatric 
and family nurse practitioners, 
neonatologists, infectious disease 
specialists, allergists, pulmonolo-
gists, immunologists, and other 
healthcare professionals involved 
in the care and management of 
pediatric respiratory patients. 
PRCI programs address issues 
concerning asthma, respiratory 
syncytial virus, and other  
respiratory tract infections  
and disorders. Methods to  
prevent, control, and treat  
respiratory illnesses in children  
are also evaluated. 

1.b. Using a previously published model without incorporating herd effects in the analysis, PCV was 
estimated to have averted 38,000 cases of IPD during its first 5years of use at a cost of $33,000 per IPD case 
averted and $112,000 per life-year saved.

2.a. Both kindergarten and school-age children had significantly fewerincidences of influenza-like illnesses 
than the control communities. 



 

 

 
4

CLINICAL INSIGHTS® IN PEDIATRIC RESPIRATORY CARE 

 
 

CME Activity Evaluation/Registration Form 
 

 
Participants who wish to obtain CME credit, please complete the contact information below, sign this  
form, and fax it with the completed post-test to 1 (201) 430-1441 or mail to PPS, CME Dept. T314,  
150 Meadowlands Parkway, Secaucus, NJ 07094-2304. You may download previous issues of Clinical  
Insights® in Pediatric Respiratory Care e-newsletters by visiting us online at www.ppscme.org. 

I completed this activity as designed: _____________________________________________________________________________________ 
 (Signature) 

PLEASE PRINT CLEARLY: 

Name:                             

Address:                             

City:                 State:     ZIP Code:        

Phone:    -    -     Fax:    -    -     
Email Address:                            
Professional Classification:   MD   DO   NP   RN  PhD  

  Other __________________________________________________________________________ 

Specialty:  Family Practice  Pediatrics  General Practice   Neonatal 

  Other _______________________________________________________________________________________________ 
 

Overall Program 

1. The activity met the stated objectives in such a way that I am better able to: 
Strongly 
Disagree Disagree Agree 

Strongly 
Agree 

a. Describe the herd effects of pneumococcal conjugate vaccine on the prevention of 
pneumococcal disease among nonvaccinated children 1 2 3 4 5 6 

b. Assess the herd effects on the improvement of cost-effectiveness of pneumococcal 
conjugate vaccine 1 2 3 4 5 6 

c. Recognize the benefits of mass influenza immunization in schoolchildren on the 
reduction in influenza-associated diseases in unvaccinated elderly persons 1 2 3 4 5 6 

2. Overall, the activity was presented in a fair-balanced manner.  Yes   No* 

* If you checked “No,” please explain.   
 

3. Overall, the activity was free of commercial bias.  Yes   No* 

* If you checked “No,” please explain.  
 

4. In reflecting on your practice, what type of impact will this educational activity have? 
 Consider the impact on cost per life-year saved when accounting for herd immunity with the pneumococcal conjugate vaccine. 
 Recognize that mass influenza vaccination of schoolchildren will result in fewer episodes of influenza-associated illnesses 

observed in the unvaccinated elderly. 

(Please specify what information you would require.)  

I will: 
 Use the pneumococcal conjugate vaccine in my practice, being cognizant that its herd effects in the nonvaccinated 

population improve its overall cost-effectiveness. 
 Advocate for mass immunization in school-aged children for the prevention of influenza-like illnesses in both children and  

the elderly within the same community. 

5. What topics should be dealt with in more detail? (List topics.) 
   

   

Thank you for your participation. 
 

Activity Code: T314-04 
Issue Date: April 2007 
CME Credit Availability: June 2007 
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