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Herd Protection Against Influenza
Through Vaccination of Schoolchildren

PEDRO A. PIEDRA, MD
Baylor College of Medicine

MICHAEL FINE, MD
HealthNet of California

Children can be efficient disease vectors. Infections ac-
quired at school or day care are shared with siblings and
other members of the household. If the infection results
in a cold, its effects are irritating, but an infection with
influenza can be deadly. During flu season, significant
morbidity and mortality can occur among young chil-
dren, the elderly, and other high-risk populations. In
addition, influenza outbreaks often exact substantial in-
direct costs when employed adults lose workdays be-
cause of their own illness or the need to care for sick rel-
atives (Neuzil 2002). Thus, an effective influenza
immunization program could

present evidence that these benefits might accrue not just
to the children themselves, but also to members of their
families and communities, such as the vulnerable infant
and elderly populations. Such benefits of vaccination
are known as herd protection, which can be observed at
the level of the household, institution, and community.

Disease burden of influenza

In the United States, influenza is the largest vaccine-
preventable cause of mortality (CDC 2006a), and vet, it
is the least controlled vaccine-preventable disease (Glezen

substantially reduce morbidity
and mortality in high-risk popu-
lations and reduce the economic
impact of influenza epidemics.
Through its Advisory Commit-

FIGURE 1

Influenza-associated mortality*
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(ACIP), the Centers for Disease
Control and Prevention (CDC)
recently recommended that all
children between the ages of 6
months and 59 months receive an
annual influenza vaccination, be-
fore the onset of the influenza sea-
son if possible (ACIP 2006). In
this article, we will examine the
question of whether extending an-
nual flu vaccinations to school-
age children would provide medi-
cal and economic benefits. We will
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2004). Typically, rates of attack during influenza out-
breaks are highest among school-age children; the high-
est occurrence of influenza is in households with children
(Stephenson 2002). The burden of disease, however, falls
most heavily on the elderly, who bear a disproportion-
ate share of the morbidity and mortality associated with
influenza (Thompson 2003, Thompson 2004).

During an average influenza season, there might be 50
to 60 million infections and illnesses in the United States,
resulting in 25 million physician visits (Couch 2000),
300,000 respiratory and circulatory hospitalizations
(Thompson 2004), and 36,000 respiratory and circula-
tory deaths (Thompson 2003). Models that rely on un-
derlying respiratory and circulatory deaths to gauge the
effect of influenza and respiratory syncytial virus (RSV)
infections! on hospitalizations and mortality are thought
to be more sensitive than those based only on underly-
ing influenza and pneumonia? and more specific than es-
timates based on all-cause mortality, which captures ac-
cidental deaths and other deaths that may be only
indirectly related to respiratory viruses (Thompson
2003). Using each of these models, annual influenza-as-
sociated mortality rates during the 1990s have been es-
timated for five age groups (Figure 1).

Influenza-associated deaths have increased over the
past 30 years (Thompson 2003). This trend reflects both
the aging of the U.S. population and the greater promi-
nence of the more virulent influenza A (H3N2) viruses
during the 1990s (Thompson 2003). It should be noted
that during the 1990s, persons age 85 and older — the
fastest-growing segment of the U.S. population — were

! The rationale for including RSV as well as influenza in models
is that RSV epidemics often overlap with influenza epidemics,
and RSV infections cause substantial morbidity and mortality
but are rarely diagnosed (Thompson 2003).

2 Pneumonia is captured in the respiratory/circulatory model.

32 times more likely to die from underlying influenza
and pneumonia than were persons age 65 to 69 years
(relative risk, 32; 95% confidence interval, 31.3-32.9)
(Thompson 2003). The rise in influenza-related mortal-
ity in the elderly has occurred even as the rate of vacci-
nation has increased, suggesting that the benefits of di-
rect vaccination of the elderly may be overestimated
(Simonsen 2005). This same phenomenon has been ob-
served in Italy — increased vaccination of the elderly has
not been associated with a decline in their influenza-
associated mortality (Rizzo 2006).

The reason for an attenuation of the protective effects
of vaccination in the elderly is unclear, though immune
senescence, previous exposures to viral strains, and fail-
ure to vaccinate the most vulnerable elderly have been of-
fered as possible explanations (Remarque 1999, Rizzo
2006). A meta-analysis of 48 studies and substudies of re-
sponse to influenza vaccine found that compared with
younger adults, persons age 65 and older have a signifi-
cantly reduced antibody response, suggestive of immune
senescence (Goodwin 2006). Goodwin found that in the
past 30 years, only one randomized, placebo-controlled
trial has been published on the efficacy of influenza im-
munization in the elderly (Govaert 1994). Conducted in
the Netherlands during the 1991-1992 flu season, this
study enrolled noninstitutionalized subjects age 60 and
older not known to belong to any high-risk group. The
incidence of serologic or clinical influenza was less in the
vaccine group than in the placebo group, and in subjects
with both serologic and clinical influence, vaccine effi-
cacy was 58 percent (Table 1). Moreover, there was a
suggestion that efficacy might be considerably lower in
patients age 70 and older, but the study lacked sufficient
power to demonstrate this.

However measured, mortality should not be the prin-
cipal parameter for assessing the annual burden of

TABLE 1
Efficacy of influenza vaccination in subjects age >60 years (N=1,838)
Relative risk
Placebo Vaccine (95% confidence
Incidence (n=911) (n=927) interval) Efficacy
Whole population
Serologicinfluenza (n=121)* 8.8% (n=80) 4.4% (n=41) 0.50 (0.35-0.61) 50%
Clinical influenza 3.4% (n=31) 1.8% (n=17) 0.53(0.39-0.73) 47%
Serologic + clinical influenza (n=54) 4.2% (n=38) 1.7% (n=16) 0.42 (0.23-0.74) 58%
Serologic influenza, stratified by age
60 to 69 years 9.9% (n=62)  4.3% (n=27)  0.43(0.28-0.67) 57%
=70 years 6.8% (n=18)  5.2% (n=14)  0.77 (0.39-1.51) 33%
*Of these subjects, 67 showed no clinical symptoms: 25 in the vaccine group and 42 in the placebo group.
SOURCE: GOVAERT 1994
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influenza. During some flu seasons, when the less-
virulent influenza A (HIN1) or influenza B viruses are
predominant, utilization of medical resources may be
high even when influenza-associated mortality is low
(Thompson 2004). The best way to estimate the effect of
influenza on hospitalizations is to consider cardio-
pulmonary diagnoses instead of primary pneumonia
and influenza discharges. Average annual rates of respi-
ratory and circulatory influenza-associated hospitaliza-
tions during the 1990s are shown in Figure 2.

In managed care populations, the benefits of influenza
vaccination have been shown to extend to elderly patients
whether they are at high, intermediate, or low risk
(Nichol 1998). Using pooled administrative and clinical
data from three health plans in Minnesota, New York, and
Oregon, Nordin (2001) showed that vaccination of pa-
tients age 65 and over resulted in statistically significant
reductions in hospitalizations and mortality at the peak
of flu seasons and over the total flu seasons (P<.001). This
study covered two flu seasons, 1996-1997 and
1997-1998. During the first season, the vaccine was anti-
genically well matched to the circulating virus, but dur-
ing the second season, it was less well matched. Even so,
statistically significant reductions in morbidity and mor-
tality were observed during both seasons. Another analy-
sis of the same database showed that the absolute bene-
fits of vaccination (i.e., reduced risk of hospitalization
and death) were greatest in high-risk patients but also ex-
tended to the healthy elderly (Hak 2002). During the
1998-1999 and 1999-2000 flu seasons, vaccination of

elderly members of the three health plans reduced the
risk of all-cause mortality by about 50 percent, hospital-
ization for influenza or pneumonia by about 30 percent,
hospitalization for cardiac disease by 19 percent, and
hospitalization for cerebrovascular disease by 16 per-
cent and 23 percent in the first and second seasons, re-
spectively (Nichol 2003). The significant reduction in
morbidity and mortality observed in these observational
studies have recently been questioned (Jackson 2006a,
2006b) because of the potential for a healthy vaccine
bias. Jackson (2006b) noted that elderly adults who were
not vaccinated were more frail and more likely to die
prior to, during, and after the influenza season. Adjust-
ment for frailty by diagnosis codes did not accurately de-
fine functional status and, thus, was unable to control for
the healthy vaccine bias.

Influenza in children

In healthy children younger than 1 year, the rate of in-
fluenza-associated hospitalization is similar to that of
high-risk adults; above the age of 1 year, hospitalization
rates in children drop off rapidly (Neuzil 2000). Children
rarely die from influenza; however, those whom it affects
consume a disproportionate share of health care re-
sources. During the 2003-2004 flu season, when the
H3N2 subtype was predominant, 40 state health depart-
ments reported 153 deaths in children younger than 18
years (Bhat 2005). Sixty-three percent of these deaths oc-
curred in children younger than 5 years. Nearly half oc-
curred in children who previously had been healthy and

FIGURE 2
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whose presenting complications are normally indicative
of nonfatal influenza, including pneumonia, laryngo-
tracheobronchitis, bronchiolitis, and encephalopathy.
About one third of the remaining cases occurred in chil-
dren with various chronic conditions not defined as con-
ferring a high risk.

Another study, however, found that in children age 0-5
months, 6-23 months, and 24-59 months, the rates of in-
fluenza-associated outpatient visits were about 10, 100,
and 250 times higher, respectively, than the hospitalization
rates in these age groups (Poehling 2006). In this study; the
majority of influenza infections in children were not rec-
ognized clinically during most visits. Only 28 percent of
hospitalizations and 17 percent of outpatient visits among
children with laboratory-confirmed influenza infections
had a discharge diagnosis of influenza, despite the avail-
ability of rapid influenza tests. Fever, cough, and rhinor-
rhea were common, leading to diagnoses that included
asthma and pneumonia. Moreover, about one third of
children were examined within 2 days after onset of illness,
when the use of antiviral medication may reduce the du-
ration and severity of illness (Poehling 2006).

Much of this influenza disease burden may be pre-
vented through vaccination. The rationale for enhanced
vaccination against influenza in children less than 24

months of age has been based primarily on hospitaliza-
tion rates. The 2006 ACIP recommendations to expand
universal vaccination to children age 24 to 59 months is
supported by the high rates of outpatient visits attribut-
able influenza (Poehling 2006) and of the need to reduce
influenza-related morbidity through vaccination. Fur-
ther, appropriate diagnosis and use of antiviral medi-
cation may prevent escalation of disease that results in
hospitalization.

Influenza vaccination goals

National health objectives, as set forth in Healthy Peo-
ple 2010, are to achieve influenza vaccination coverage for
90 percent of persons age 65 years and older, 90 percent
of institutionalized adults, and 60 percent of other risk
groups by 2010. The subgroups for which the CDC now
recommends annual flu vaccination are listed in Table 2.

An earlier goal established in Healthy People 2000, to
vaccinate 60 percent of the 65+ population by 2000, was
surpassed in 1999, when 66 percent were vaccinated. Lit-
tle progress has been made toward the new goal, however;
nationwide, vaccination rates among the elderly were
63.3 percent overall (CDC 2006b) and 70.3 percent in
Medicare plans as of 2005 (NCQA 2006). Vaccination
rates vary widely by geography (low, 32 percent [Puerto

TABLE 2
Estimated influenza vaccination target populations and coverage
Population Percent Doses used
(millions) vaccinated (millions)
Total target 218.1 323 70.4
High risk 101.8 45.1 46.0
=65 years (includes 1.7 million institutionalized persons) 37.2 64.6 24.0
Chronicillness 42.7 35.1 15.0
50-64 years 17.1 455 7.8
18-49 years 20.1 26.0 52
5-17 years 55 36.6 2.0
Pregnant women 4.0 129 0.5
All children 6-23 months 6.0 484 29
All children 24-59 months 11.9 303 3.6
Other target groups 116.3 20.9 244
Health care personnel <65 years 7.0 41.9 29
Healthy household contacts 91.3 17.2 15.7
50-64 years 15.0 33.2 49
18-49 years 55.1 154 8.5
5-17 years 21.2 10.8 2.3
Healthy 50-64-year-olds who are not household
contacts of high-risk persons or
contacts of persons age 24-59 months 18.0 32.1 5.8
SOURCE: CDC 2006C
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Rico]; high, 78 percent [Minnesota]) and racial/ethnic
groupings.

If everyone were to act on the current vaccination
recommendations, about two thirds of the nation’s pop-
ulation would need to be vaccinated, outstripping the
available supply (estimated to be about 100-115 million
doses for the 2006—2007 season). This amount is thought
to be sufficient to meet historical demand and to provide
coverage for the most vulnerable populations. As Table
2 (page 5) shows, however, underimmunization is a prob-
lem in all risk categories.

Most patients will need to receive trivalent inactivated
influenza vaccine (IIV), but live attenuated influenza
vaccine (LAIV) is available for healthy persons age 5-49
years. The CDC points to several possible advantages of
LAIV: potential to induce a broad mucosal and systemic
immune response; ease of administration; and — of im-
portance if the goal were to be to vaccinate children in
elementary school — greater acceptability than intra-
muscular administration (ACIP 2006). Yet another ad-
vantage of LAIV is that its use as indicated protects the
IV supply for vaccination of patients for whom LAIV is
not an option.

Concept of herd protection

As Table 2 (page 5) shows, vaccination coverage among
the 91 million high-risk Americans is less than 50 per-
cent. One reason for low coverage rates in high-risk pa-
tients is that many lack easy access to vaccination. More-
over, many high-risk patients are debilitated or
immunocompromised and fail to respond optimally to
vaccine, even when it turns out to be antigenically well
matched to the flu virus in circulation. A complementary
approach — herd protection — could add another layer
of protection for high-risk patients through the vaccina-
tion of people who spread viruses, to complement vac-
cination of people at the highest risk for negative out-
comes from an infection (Glezen 2006).

Influenza epidemics typically start in places where
susceptible individuals are in close contact. Schools pro-
vide an important pathway for interfamily spread, which
ultimately leads to an epidemic as the wider community
becomes infected. Throughout the 1990s, the substantial
rate of growth in the proportion of U.S. children younger
than 5 years who attended daycare may have affected in-
fluenza transmission dynamics (Hurwitz 2000). Cur-
rently, up to 70 percent of children younger than 5 years
spends at least 10 hours per week in some form of out-
of-home child care. In one study, 50 percent of children
attending daycare centers became infected with influenza
in a single season (Hurwitz 2000). Children in larger
daycare facilities experience more respiratory infections,
and a child’s increased rate of infection may result in an
increased risk of infection among family contacts. For ex-
ample, one surveillance study found that during the first

year of life, the risk of influenza infection is about 20 per-
cent if the infant has no siblings, but the risk rises sharply
with the number of siblings (Glezen 1997).

The role of school-age children in spreading influenza
at the community level was established through a surveil-
lance program conducted over the course of seven flu
seasons in Houston (Glezen 1982). In the early stages of
epidemics, school-age children accounted for a dispro-
portionate percentage of cases based on the distribution
of infections among various age groups. In addition,
when the peak of the epidemics occurred during school
holidays, the effect of the epidemic on the community
was tempered.

The first community trial to demonstrate the concept
of herd protection against influenza-related illness oc-
curred during the 1968-1969 influenza A/Hong Kong
(H3N2) pandemic. In Tecumseh, Mich., 86 percent of
schoolchildren were vaccinated (Monto 1970). In com-
parison with residents of neighboring Adrian, where
schoolchildren were not vaccinated, rates of respiratory
illness in Tecumseh were about one third lower across all
age groups. On a larger scale, from 1970-1990, mass vac-
cination of Japanese schoolchildren resulted in an annual
decline of 10,000 to 12,000 deaths attributed to influenza
and pneumonia and an annual decline in all-cause mor-
tality of 37,000 to 49,000 — 1 death for every 420 chil-
dren vaccinated (Reichert 2001). In 1962, Japan initiated
programs to vaccinate schoolchildren as a means to pro-
tect its elderly, a high percentage of whom live in the same
house as their children and grandchildren. The school
vaccination program became mandatory in 1977, but in
1987, parents were allowed to refuse vaccination of their
children, and the program was discontinued in 1994,
after which excess mortality rates increased sharply.

Mass vaccination of school-age children in Moscow
also has been found to be beneficial for unvaccinated
noninstitutionalized persons age 60 years and older
(Ghendon 2006). In this study, 28,310 doses of influenza
vaccine were administered to healthy schoolchildren age
3 to 17 years, reducing influenza-related morbidity in the
total population of schoolchildren (N=40,611) and in
unvaccinated elderly adults (N=82,050), most of whom
lived with their children and grandchildren in the same
household. Elderly persons in the intervention commu-
nities experienced episodes of influenza-like illness and
influenza-associated complications (pneumonia,
bronchial asthma, chronic bronchitis, cardiovascular dis-
ease, diabetes mellitus, gastrointestinal disease, and
pyelonephritis) at rates that were 3.4 and 1.7-2.6 times
lower, respectively, than the elderly in control commu-
nities. As children play a major role in the spread of in-
fluenza, such a mass-vaccination strategy may be a good
alternative to a risk-based strategy for providing commu-
nity protection, particularly during vaccine shortage
years (Ghendon 2006).

A6
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The previously mentioned studies used IIV, but immu-
nization of children with LAIV also has been investigated
as a means of providing herd immunity in adults against
influenza-related illnesses (Piedra 2005). In two commu-
nities in Texas (Temple and Belton), LAIV was offered to
healthy children age 18 months through 18 years during
three consecutive flu seasons (1998-1999, 1999-2000,
and 2000-2001), but in three other communities (Waco,
Bryan, and College Station), it was not provided to eli-
gible children. High-risk children in the five communi-
ties were able to receive IIV through their health care
providers. During the flu season before the intervention,
the rates of age-specific medically attended acute respi-
ratory illness (MAARI) were identical in the two groups
of communities. For the 3 years in which LAIV was pro-
vided (recalculated to about 15 percent of eligible chil-
dren), a significant decrease in MAARI in adults age 35
years and older was observed between the intervention
communities and the control communities, such that in-
direct protection of 8 to 18 percent against MAARI was
provided for the adults. More recently, Halloran (2007)
reported that LATV was cross-protective against the drift
variant influenza in the 2003-2004 season in the Temple
and Belton communities, and also found the vaccine to
be cross-protective in children age 5-18 years. The au-
thors concluded that such vaccines could be an impor-
tant strategy in pandemic preparedness.

Providing LAIV to healthy schoolchildren (grades
K-8) has been shown to provide indirect protection for
household members (King 2006). In this study, LATV was
administered to 47 percent of children at 11 schools in
four states (Maryland, Minnesota, Texas, and Washing-
ton). These schools were matched with 17 other schools
that served as controls, creating 11 clusters of geograph-
ically and demographically matched schools. Household
members were free to receive influenza vaccination
through their own health care providers. After the pre-
dicted peak flu week, questionnaires were sent to each
household and were returned by 77 percent and 83 per-
cent of households in the intervention and control
schools, respectively. Compared with households of chil-
dren attending control schools, households of children
attending intervention schools had statistically significant
reductions in reported episodes of influenza-like symp-
toms (P<.001), outpatient visits by children (P<.001), use
of prescription drugs and other treatments (P<.001),
and school absences (elementary school, P<.001; middle
school, P=.63; high school, P=.03).

Economics of herd immunity

The World Health Organization (WHO) has esti-
mated the total direct and indirect economic burden of
influenza in the United States to be between $71 billion
and $167 billion (WHO 2003). The burden also has been
localized to managed care populations. Cox (2000) stud-

ied 18,000 inpatient claims with an influenza diagnosis
across 20 managed care plans and reported all-age, mean
costs ranging from $602 per case for uncomplicated dis-
ease to $5,593 for cases involving bacterial respiratory
complications. Loughlin (2003) studied 3 years of out-
patient claims in a managed care population from
children age 5-14 years with an influenza diagnosis
(N=4,754) and calculated the mean cost of uncompli-
cated influenza at $94 per case (year 1999 dollars) and
$340 per case when comorbidities were involved.

Economic analyses of immunization programs tend to
restrict their analyses to the vaccinated populations.
Prosser (2006) studied the cost-effectiveness of vaccinat-
ing children against influenza, and determined a cost
benefit in vaccinating high-risk children through age 17
and preschool-age children who are not considered high-
risk. In a Finnish study, Salo (2006) verified cost savings
in vaccinating all children up to the age of 13 years.
Three studies (Bridges 2000, Campbell 1997, Nichol
2001) investigated the cost implications of vaccinating
working adults and found a positive return on invest-
ment. In healthy employee populations, cost savings can
be expected in most years, especially when the vaccine is
antigenically well matched with the circulating virus
strains (Bridges 2000, Nichol 2001).

Because studies such as these ignore the effects of in-
direct protection, their total benefits may not be fully ap-
preciated (Lieu 2005). But even if these studies do not ad-
dress herd protection, they tend to show that vaccination
of low-risk persons is cost-effective, and some even sug-
gest it can be cost-saving. The Finnish model, for in-
stance, suggests that vaccination of all healthy children
age 6 months to 13 years would yield cost savings from
a societal perspective as well as from the perspective of
health care providers (Salo 2006). For example, the au-
thors found that investing 1.1 million Euros for the vac-
cination of children 6 months to under 3 years of age
would reduce the medical cost of influenza by 2.8 mil-
lion Euros, yielding a total health care cost savings of 1.7
million Euros. The model assumed a relatively low aver-
age annual influenza attack rate of 16 percent and vac-
cine effectiveness of 80 percent; sensitivity analysis
showed that universal vaccination of healthy children
would produce cost savings even at 60 percent effective-
ness. The authors of this study speculate that including
indirect benefits in such a cost-effectiveness analysis
would result in a dramatic increase in total savings.

Similarly, a placebo-controlled Italian study demon-
strated cost savings through the vaccination of healthy
children age 2-5 years (Esposito 2006). In this study,
children received two doses of IIV, resulting in substan-
tial reductions in the rates of influenza-like illnesses and
associated costs for children and their families; the sav-
ing was about twice as much as the total cost of the vac-
cination, and it resulted mostly from the avoidance of lost
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work time (P=.001) owing to a child’s illness or the
worker’s illness.

Unless current influenza immunization strategies in
the United States are altered, the economic burden im-
posed by influenza is likely to rise precipitously in the
years ahead. As the Baby Boom cohort ages, the number
of Americans age 65 and older is projected to double be-
tween 2010 and 2040, rising from 40 million to 80 mil-
lion (He 2006). In 2010, about 1 in 8 Americans will be
age 65 and older, but by 2040 the elderly are expected to
account for 1 of every 5 Americans.

Conclusion

Current vaccination policy is insufficient for control-
ling influenza in the United States. Vaccination of health
care workers and healthy members of households inhab-
ited by persons at high risk of influenza already is recom-
mended as a means of protecting high-risk patients from
its ravages. Extending the concept of herd protection to
healthy school-age children may be worth considering
from medical and economic perspectives as a method to
improve protection for the most vulnerable segments of
the population — the very young and the very old. As the
United States enters a period in which its elderly popu-
lation will increase dramatically in absolute terms and as
a percentage of the population, it is critical to develop
complementary approaches that interrupt the transmis-
sion of flu to reduce morbidity and mortality.
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