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is narrowly tailored to focus on smoking pre-
vention in the nation’s young, will survive any
such legal challenge.

The long-term impact of the Family Smoking
Prevention and Tobacco Control Act on the health
of the public will depend critically on its imple-
mentation through strict regulations, rigorously
enforced. FDA Commissioner Margaret Hamburg
and Principal Deputy Commissioner Joshua Sharf-
stein promise to be strong advocates for rigorous
enforcement.

In a recent article in the Journal, Hamburg
and Sharfstein laid out their new mission.? They
regard the FDA as a public health agency whose
purpose is not just to regulate the nation’s food
and drug supplies, but to protect the health of
American citizens. Hamburg has also indicated
that she is eager to undertake the regulation of
tobacco and said in an interview, “We now have
an opportunity to really make a difference with
what is probably the No. 1 public health concern
in the nation and the world.”

Few threats to the health of the public are as
onerous as tobacco. Each year more than 435,000
Americans die of tobacco-related illnesses, princi-
pally heart, vascular, and lung diseases. Tobacco
use is also associated with substantial morbidity
and diminished quality of life. More than one in
five Americans still smoke, an astonishing fig-

ure given the overwhelming evidence of harm.
In addition to excess morbidity and mortality,
tobacco adds considerably to health care costs at
a time when reducing costs is a national priority.
The total annual health care expenditures caused
by smoking run to $96 billion.# Along with other
critical prevention goals, such as controlling obe-
sity and increasing levels of physical activity, the
elimination of cigarette smoking is central to im-
proving the health of our citizens and mitigat-
ing the growth of health care costs.

The Family Smoking Prevention and Tobacco
Control Act of 2009 comes at a propitious moment
in U.S. history. We strongly support the FDA’s new
leaders and urge them to implement the act ag-
gressively. As a medical journal, we are commit-
ted to eliminating the public health threat tobac-
co represents to American society and the world.

This article (10.1056/NEJMe0905622) was published on June 22,
2009, at NEJM.org.
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Typhoid Vaccines Ready for Implementation
Myron M. Levine, M.D., D.T.P.H.

Enteric fevers encompass typhoid fever caused
by Salmonella enterica serotype Typhi (S. Typhi) and
paratyphoid fever caused by serotype Paratyphi A
or B (S. Paratyphi). These human-restricted patho-
gens are acquired by ingesting contaminated
water or food, and in the individual patient, one
cannot differentiate clinically which agent is caus-
ing illness. S. Typhi expresses a capsular “Vi”
(for virulence) polysaccharide, whereas S. Para-
typhi A and B cannot synthesize Vi.

Before the use of antibiotics, typhoid fever
had a case fatality rate of 10 to 20%. Transmis-
sion of enteric fever is minimized or eliminated
if populations have access to treated water sup-
plies and sanitation to remove human fecal mat-
ter. Where such amenities are unavailable, the risk

of typhoid fever can be substantially diminished
by immunization with typhoid vaccines.

Early typhoid vaccines (heat-inactivated whole
S. Typhi organisms preserved in phenol) were de-
veloped in the 1890s. Six decades later, the World
Health Organization (WHO) sponsored large-
scale, randomized, controlled field trials, in which
investigators found that similar killed whole-cell
vaccines conferred substantial protection against
typhoid.? However, because these vaccines com-
monly elicited debilitating adverse reactions (fever
and malaise), they were rarely used to control en-
demic typhoid fever.t

After a report in 1948 that chloramphenicol
drastically ameliorated enteric fevers and reduced
the case fatality rate to less than 1%, the treatment
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of patients with oral chloramphenicol became
the mainstay of typhoid control in developing
countries for the next quarter century. A rude
awakening came in the 1970s, when epidemics of
chloramphenicol-resistant typhoid occurred in
Mexico and Vietnam. These outbreaks stimulat-
ed a search for alternative oral antibiotic ther-
apies and accelerated efforts to develop a new
generation of better-tolerated, efficacious typhoid
vaccines. The efforts bore fruit when live oral
S. Typhi vaccine strain Ty21a and parenteral Vi
polysaccharide vaccine were licensed in the late
1980s and early 1990s. Despite extensive data
documenting the safety, efficacy, and practicality
of the Vi and Ty21a vaccines, they have not been
widely applied programmatically in developing
countries.

In the late 1980s, strains of S. Typhi that were
resistant to multiple clinically relevant antibiotics
began to emerge. In response, in 1999, the WHO
recommended that typhoid vaccines be used for
immunization of school-age children in areas
where antibiotic-resistant typhoid was endemic.
In 2008, the WHO and the Global Alliance for
Vaccines and Immunization took more active steps
to encourage programmatic use of these vaccines
where typhoid is a health problem.

In most of the world, the incidence of enteric
fever peaks among school-age children. However,
in some South Asian urban slums, S. Typhi bacte-
remic infections peak in preschoolers, particularly
when cases are detected by active household sur-
veillance?3; such infections are uncommon in
infants. Since the WHO’s Expanded Program on
Immunization does not typically include routine
visits for toddlers or preschool children, protect-
ing these age groups requires innovative strategies.
One approach would be to administer typhoid
vaccines in infancy, if efficacy could persist
through the preschool and school years. Alterna-
tively, preschool children could be targeted for
mass campaigns. The current licensed typhoid
vaccines are not compatible with infant immu-
nization, since the unconjugated Vi vaccine is
poorly immunogenic in infants, and the use of
Ty21a in enteric-coated capsules is impractical.

In this issue of the Journal, Sur et al.* report
results of a well-executed field study showing
that the Vi vaccine conferred an adjusted vaccine
effectiveness of 80% in preschool children, there-
by providing a biologic basis for including pre-
schoolers in mass typhoid-immunization cam-

paigns. However, organizing mass immunizations
of so-called noncaptive populations such as pre-
schoolers is more demanding than conducting
campaigns among schoolchildren.

Sur et al. showed a trend for a lower adjusted
Vi-vaccine effectiveness in older subjects (56% in
children between the ages of 5 and 14 years and
46% in persons 15 years of age or older), although
the differences in efficacy were not significant.
These findings are the opposite of the trend ob-
served in field trials of killed whole-cell paren-
teral vaccines and of the oral Ty21a vaccine, in
which vaccine effectiveness was higher in older
children.

A fascinating secondary analysis performed
by Sur et al. indicated that control subjects who
did not receive the Vi vaccine but lived in clusters
with vaccinated subjects had substantial protec-
tion against typhoid fever. This is important new
information. The indirect protection of nonvac-
cinated persons by the Vi vaccine further bolsters
the case for school-based immunization to con-
trol endemic typhoid, since one might expect some
indirect protection of preschool children as well.
Indirect protection has also been observed with
the oral Ty21a vaccine.* Both Vi® and Ty21a® vac-
cines have been logistically practical and effec-
tive when administered to scores of thousands
of schoolchildren through large-scale, school-
based immunization projects.

An advantage of parenteral Vi vaccine is its
single-dose regimen; unconjugated Vi does not
elicit immunologic memory, so serum Vi titers are
not boosted by additional doses. However, mass
administration of the Vi vaccine by needle and
syringe creates challenges for ensuring injection
safety and for disposing of material that is po-
tentially contaminated with bloodborne viruses.
The use of needle-free injection devices could
avert this problem. A drawback of the Ty21a vac-
cine is that it requires a three-dose regimen with
an every-other-day interval. Nevertheless, oral im-
munization is logistically very practical in school-
children.

The Vi vaccine does not protect against S. Para-
typhi A or B, since these strains do not express
the Vi polysaccharide. Thus, countries with high
rates of paratyphoid fever cannot expect reduc-
tions from the use of the Vi vaccine. The Ty21a
vaccine confers substantial cross-protection (vac-
cine effectiveness, 49%) against S. Paratyphi B’
but not against S. Paratyphi A.®
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In computer models, disease incidence and du-
ration of protection greatly affect cost-effectiveness
of typhoid vaccination in endemic settings. Field
trials of the Vi vaccine have incorporated rela-
tively short follow-up (17 months to 3 years),>°
as compared with trials of the Ty21a vaccine (5 to
7 years).’* Klugman et al.*® reported a vaccine
effectiveness of 55% during 3 years of follow-up.
Investigation of a typhoid outbreak among Vi-
immunized French soldiers in Africa showed
that those who had received the vaccine more
than 3 years before exposure had twice the risk
of disease, as compared with those who had re-
ceived the vaccine within the previous 3 years.'?
Three doses of the Ty21a vaccine in enteric-coated
capsules conferred a vaccine effectiveness of 62%
during 7 years of follow-up.*

Two different “flavors” of licensed typhoid vac-
cine, parenteral unconjugated Vi and oral Ty21a,
are available for use by public health practition-
ers. The time has come to implement use of these
vaccines vigorously and monitor the effect of such
intervention.
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