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Fifty Years of Influenza A(H3N2) Following the

Pandemic of 1968
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In 2018, the world commemorated the centennial of the 1918 influenza A(H1N1) pandemic, the
deadliest pandemic in recorded history; however, little mention was made of the 50th anniversary
of the 1968 A(H3N2) pandemic. Although pandemic morbidity and mortality were much lower in
1968 than in 1918, influenza A(H3N2) virus infections have become the leading cause of seasonal
influenza illness and death over the last 50 years, with more than twice the number of hospitaliza-
tions from A(H3N2) as from A(H1N1) during the past six seasons. We review the emergence, pro-
gression, clinical course, etiology, epidemiology, and treatment of the 1968 pandemic and highlight
the short- and long-term impact associated with A(H3N2) viruses. The 1968 H3N2 pandemic and its
ongoing sequelae underscore the need for improved seasonal and pandemicinfluenza prevention,
control, preparedness, and response efforts. (Am J Public Health. 2020;110:669-676. doi: 10.2105/

AJPH.2019.305557)
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In the United States, 1968 is
remembered for the military
conflict in Vietnam, assassina-
tions of prominent leaders, and
widespread public demonstra-
tions, as well as significant
scientific achievements such as
heart transplant surgeries and
manned space flights. Remem-
bered less frequently is the 1968
H3N2 pandemic. Although

the estimated morbidity and
mortality of this pandemic was
only a small fraction of that
associated with the 1918 H1N1
pandemic, the ongoing impact
of influenza A(H3N2) virus on
public health has been pro-
found. The A(H3N2) subtype
virus that emerged in 1968 was
associated with increased influ-
enza morbidity and mortality
globally through 1972. Since
then, this subtype has circulated
as a seasonal influenza A virus
associated with more severe
annual epidemics than those
caused by influenza A(HIN1)

and influenza B viruses. In this
review, we reflect on the 1968
H3N2 pandemic, the continu-
ing public health challenges
from A(H3N2) virus, and the
need for better prevention and
control of seasonal and pan-
demic influenza.

THE 1968 PANDEMIC
There are typically two influ-
enza seasons in Hong Kong—
January through March or April
and July through August—but
an unusual and sudden increase
of patients with influenza-like
illness (ILI) presented to govern-
ment clinics there on July 13,
1968.! With 500000 ILI cases in
July, the outbreak was the largest
in Hong Kong since the 1957
H2N2 pandemic.? The National
Influenza Center at the Univer-
sity of Hong Kong isolated the
new influenza A(H3N2) virus
on July 17 and sent it imme-
diately to the World Influenza
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Center in London. Additional
specimens were sent to the
International Influenza Center
for the Americas in Atlanta,
Georgia (a component of the
National Communicable Disease
Center, now the US Centers for
Disease Control and Preven-
tion [CDC]). Confirmation that
the virus strain was a distinct
antigenic variant of contempo-
rary influenza viruses prompted
a'World Health Organization
(WHO) warning on August 16.°
At this time, the virus became
available to research and vaccine
production laboratories.* Spread
was confirmed in August when
isolates of the same virus were
identified in Singapore, Taiwan,
the Philippines,Vietnam, and
Malaysia. Thailand, India, the
Northern Territory of Australia,
and Iran experienced outbreaks
in September.” Air travel by an
estimated 160 million persons
during the pandemic® facilitated
rapid transmission worldwide.
On September 2, a respira-
tory specimen from a Marine
who had just returned to San
Diego, California, from Vietnam
produced the first US isolate.”
Before leaving Vietnam, the
Marine had shared a bunker
with a friend recently returned
from Hong Kong. An addi-
tional 22 ILI cases occurred in
San Diego among students and
contacts from the Marine Corps
Drill Instructors School, with
the A(H3N2) virus isolated from
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9 of 21 respiratory specimens. officials requested cooperation Public health investigations
Concurrently, military physicians ~ from all state health officers, reported in the Morbidity and
reported outbreaks in Hawaii epidemiologists, and laboratory Mortality Weekly Report identified
and Alaska among personnel directors for “monitoring the influenza A2/Hong Kong virus
recently returned from southeast  importation of the virus and (subsequently referred to as in-
Asia. On September 6, National in conducting surveillance for fluenza A(H3N2) virus) in trav-
Communicable Disease Center influenza.”® elers to the United States from

Asia.” Increased surveillance in

the United States continued over
the next year, expanding upon
systems implemented for the
1957 pandemic and including
reports on school and workplace
absenteeism, school closings, hos-
pital admissions, and outpatient
visits, as well as reported cases
and outbreaks. Initially, cases oc-
curred primarily among persons
returning from Asia.'’

US influenza activity increased
dramatically in October. The first
reported civilian outbreak in the
continental United States was
identified in Needles, California,
with more than one third of its
population reporting ILI. ILI re-
ports in Colorado increased from

62 cases for the week ending

Peak Week (white indicates no data available
( ) November 2 to 670 for the week
[ [ | T ending November 9, a week in
P L L & L L O .
NN O A P O] which other western states and
\'\,\ 4/’)Q\ . (:\bu '\:\\ q?" (\bu \'\w (\\%\
o

19 .
& & F TS Hawaii also reported outbreaks.'
The first outbreaks in eastern
states occurred the next week. All

50 states experienced increased

State Peak Week State Peak Week State Peak Week ) )
AK Oct12 1968 LA OH  Dec28 1968 school absenteeism during the
AL Jan4,1969 MA Dec 28,1968 OK  Dec21,1968 pandemic; 23 faced school and
AR Dec 28, 1968 MD Dec 21, 1968 OR Jan 11, 1969 college closures and 31 saw
AZ Dec 28, 1968 ME Jan 4, 1969 PA Dec 14, 1968 elevated worker absenteeism. The
CA Dec 21, 1968 Ml Jan 4, 1969 RI Dec 28, 1968 k k of i .
peak week of influenza activ-
CcOo Nov 30, 1968 MN Dec 14, 1968 SC Dec 28, 1968 v f &l b
CT  Dec 14,1968 MO  Dec21,1968 SD Jan4,1969 1ty for most states fell between
DE  Dec21,1968 MS_ Jan 11,1969 TN Jan4,1969 December 14 and January 11,
FL  Jan4, 1969 MT  Dec 14,1968 TX  Jan 11,1969 with pandemic activity generally
GA Dec 21, 1968 NC  Jan4, 1969 UT  Dec 14,1968 starting in the western United
HI ... ND Dec 28, 1968 VA Jan 4, 1969 States and moving eastward'?
1A Jan 4, 1969 NE Dec 14, 1968 VT Jan 4, 1969 Fi 1
ID  Dec21,1968 NH  Dec 21,1968 WA Dec 14,1968 (Figure ). ' '
IL_ Dec21,1968 N Dec 14,1968 Wi Dec 28,1968 Newspaper articles chronicled
IN Dec 14, 1968 NM  Dec 14,1968 WV Jan 4, 1969 the widespread college closures,
KS  Dec 28,1968 NV Nov 30,1968 WY  Dec7, 1968 Jowdowns in business and
KY _ Jan18, 1969 NY  Dec28, 1968 industry, and threats to Christmas
mail deliveries. In December,
Source. National Center for Communicable Diseases. Influenza—Respiratory Diseases Surveillance. National Communicable the Apollo 8 astronauts were
Disease Center, June 30, 1969. Report No.: 85. vaccinated to protect them from

pandemic influenza in advance
FIGURE 1—Peak Week of Pandemic Influenza Activity, United States, 1968 Influenza A(H3N2) Pandemic

of their December 21 moon-
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orbiting flight, and President
Johnson was hospitalized with a
respiratory infection that his aides
said “could be called the flu”
National concerns were reflected
in a December 19 New York
Times editorial describing the
pandemic as “one of the worst in
the nation’s history,” bemoaning
the “amount of discomfort and
distress suffered by the millions
who have already been hit,” and
the potential for “billions of dol-
lars” associated with treatment
and lost productivity."*

A second, less severe pan-
demic wave of illness in the
United States occurred late in
the following season (1969—
1970). Over these two seasons,
70% of excess pneumonia and
pandemic influenza deaths in the
United States occurred dur-
ing 1968—1969 season. This was
unlike the experience in most
countries, where the initial 1968
wave tended to be less severe but
was followed by an increasingly
severe wave in 1969-1970."

CLINICAL COURSE

The majority of A(H3IN2)
virus infections resulted in
clinically mild, uncomplicated
upper respiratory tract disease.
Predominant findings among
uncomplicated pandemic cases
included malaise, fever, myalgia,
cough, headache, coryza, and
sore throat. During the initial
outbreak in Hong Kong, symp-
toms were mostly mild without

16 Tn

observable excess mortality.
a British Royal Air Force study,
half of those with serological
evidence of infection had no
recorded illness.'”” All 965 cases
reported by the University of
Singapore Health Service had
a mild clinical course with no
hospitalizations, although some
experienced atypical symptoms
including severe anorexia, nau-
sea, and ocular pain.” A survey
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of nearly 7000 US high school
students indicated that the me-
dian duration of illness was five
days," although cough and pros-
tration in some cases persisted as
long as three weeks.?’

However, severe disease
did occur. Among pediatric
inpatients and outpatients in
Washington, DC, influenza A
virus infections occurred more
frequently during A(H3N?2)
activity (1968-1976) than during
influenza A(H2IN2) virus circula-
tion (1957-1968) and were asso-
ciated with more hospitalizations
for pneumonia, bronchiolitis,
bronchitis, and croup.?' Some
outbreak areas reported com-
plications including pneumonia,
myocarditis, and pericarditis. Pul-
monary complications in adults
included localized primary viral
or secondary bacterial pneumo-
nia, or diffuse bilateral pneumo-
nia, occurring early or late in the
clinical course, mostly among
persons with underlying comor-
bid conditions.” Grady Hospital
in Atlanta, Georgia reported a
threefold increase in staphylo-
coccal pneumonia admissions
during the pandemic compared
with the previous season. Hos-
pital admissions began increasing
in December 1968, and 74% of
pneumonia patients hospitalized
between January 1 and 5, 1969,
had serological evidence of pan-
demic virus infection.” Autopsy
findings in fatal cases included
acute bronchopneumonia, dif-
fuse hemorrhagic or necrotiz-
ing pneumonitis, bronchitis,
or bronchiolitis; in some cases,
bacterial cultures of sputum or
lung samples yielded Staphylococ-
cus aureus, Pseudomonas aeruginosa,
or other bacterial pathogens.*

ETIOLOGY

The 1968 pandemic was
caused by influenza A/Hong
Kong/1968 (H3N2) virus. This
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pandemic virus contained two
genes derived from a low-
pathogenicity avian influenza

A virus and six genes from the
A(H2N2) virus that had been
circulating among people

since its emergence to cause

the 1957 H2N2 pandemic.”
The hemagglutinin (HA) gene
contained two mutations in its
receptor binding site from the
closest avian viruses, altering its
receptor binding specificity, from
preferential binding for a2,3-
linked sialic acids (viral receptors
predominant in birds) to a2,6-
linked sialic acids (viral recep-
tors predominant in humans).*
However, studies suggest that
these binding preferences alone
do not determine influenza A
entry to human airway cells.”
Additional changes identified

in the HA1 subunit of the HA,
based on their location, may
have affected the HA receptor-
binding and fusion activities®
and facilitated human-to-human
transmission, enabling the virus
to spread quickly.

EPIDEMIOLOGY

The clinical attack rate
varied. Milwaukee, Wiscon-
sin, public health authorities
reported an overall illness attack
rate of 43%.% A study among
inmates of Georgia State Prison
chronicled a 40% illness attack
rate, and a study of residents of
a California retirement com-
munity revealed that 10% were
symptomatic.** This may have
reflected some preexisting im-
munity in older age groups,
suggested by serological studies
revealing antibodies to the virus
prior to the pandemic in large
percentages of adults aged older
than 65 years.”! However, un-
like the 1957 H2N2 pandemic,
in which 86% of index cases
were school age, index cases
in 1968 were equally divided
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among school-aged children

and adults.*> Overall, children
aged 10 to 14 years comprised
the age group with the high-

est clinical attack rate (40%).%
In 2010, Jackson et al. used a
variety of published data sets to
estimate that the first-wave basic
reproduction number (R, ) was
between 1.06 and 2.06 and the
second-wave R | was between
1.21 and 3.58.>* A subsequent
2014 meta-analysis of R stud-
ies revealed an overall median
point estimate of 1.8 for the
1968 pandemic H3N2 virus.®
Complications and exacerbation
of underlying disease conditions,
such as diabetes, cardiac failure,
and chronic obstructive pul-
monary disease, contributed to
excess mortality.” In the United
States, the pandemic resulted in
an estimated 100000 deaths.?”
As with other 20th-century pan-
demics, large proportions (half in
1968) of pneumonia and influ-
enza deaths occurred in persons
younger than 65 years.”

COUNTERMEASURES

Medical advances in the
1960s, primarily the advent
of antiviral medications and
expansion of influenza vaccine
options, provided a stronger
arsenal to combat this pandemic
than had been available during
the 1957 pandemic.

ANTIVIRALS

The first opportunity to assess
the effect of antiviral use during
a pandemic occurred in 1968. In
1966, the Food and Drug Ad-
ministration had approved aman-
tadine for chemoprophylaxis of
influenza A virus infection—a
controversial decision both criti-
cized® and supported.”’ Studies
had shown that amantadine
inhibited infections of group A
influenza viruses by blocking or
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slowing virus entry into cells.”!
The prophylactic effectiveness of
amantadine had been demon-
strated in some double-blinded
randomized controlled trials
with experimentally induced
influenza and during naturally
occurring influenza outbreaks.
However, sample sizes in these
studies tended to be small and
study results were unconvincing
to some.*” Studies assessing the
effects of amantadine treat-
ment also produced inconsistent
results. Clinical findings in some
showed amantadine to be effec-
tive in reducing the severity and
duration of illness when given
within 48 hours of symptom
development of influenza A,
whereas others failed to demon-
strate effectiveness. During the
pandemic, a multicenter double-
blinded randomized controlled
trial in Japan demonstrated a
statistically significant reduc-
tion in fever duration among
laboratory-confirmed pandemic
influenza patients treated with
amantadine.” Also, in a study of
prison inmates, all indicators of a
therapeutic effect of amantadine
approached or achieved statistical
significance.*

A 1983 Mayo Clinic Sym-
posium on Antimicrobial Agents
affirmed the use of amantadine
for influenza, reporting pro-
phylactic effectiveness as well as
“some” therapeutic effect when
amantadine was used early in
the course of influenza A virus
infection.” A subsequent Clinical
Evidence review* reported that
amantadine was likely to be
beneficial in reducing the dura-
tion of symptoms when used in
early treatment of influenza A in
adults. During the 20052006
influenza season, high preva-
lence of amantadine resistance
among circulating influenza A
viruses prompted changes in
recommendations for its use,*’
and amantadine has not been

recommended for treatment or
chemoprophylaxis of influenza A
virus infections since then.
Despite the controversies
around influenza prophylaxis
and treatment during the pan-
demic, researchers identified a
remarkable remission of Parkin-
son’s symptoms in a woman be-
ing treated with amantadine to
prevent influenza in 1969.This
prompted studies that demon-
strated significant improvement
in Parkinson’s symptoms with
amantadine use,* and amanta-
dine has been used to treat Par-
kinson’s disease since that time.

VACCINE

The Division of Biolog-
ics Standards of the National
Institutes of Health provided the
A/Hong Kong/1968 (H3N2)
vaccine virus to manufacturers
in August 1968. However, before
manufacturers had completed
studies to determine its feasibil-
ity for producing a pandemic
vaccine, a new vaccine virus
became available. This virus, the
Aichi strain from Japan, demon-
strated superior vaccine produc-
tion potential and was supplied
to manufacturers on September
9,1968, * and incorporated into
a monovalent pandemic influ-
enza vaccine.

Vaccine manufacturers
released a first lot of 110000
pandemic vaccine doses on No-
vember 15, 1968. Subsequently,
15 million doses became avail-
able by the pandemic’s peak®
in January 1969°' (Figure 2).
After the peak, vaccine demand
waned. For most of the popula-
tion, the pandemic vaccine was

“too little and too late,”>?

and
the effect of the vaccine on
reducing pandemic spread was
questionable. In January 1969,
manufacturers began to phase
out production, and unused

vaccine remained. Some vaccine
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Source. Influenza-like estimates are from the Department of Health Education and Welfare, “Acute Conditions.” Vaccine availability is from Murray, “Production and Test-

ing in the USA of Influenza Virus Vaccine.”

FIGURE 2—Estimated Influenza-Like Illness and Vaccine Availability, United States, 1968 Influenza A(H3N2) Pandemic

became available for use in the
southern hemisphere.”
Virologists had been actively
exploring methods to improve
influenza vaccine technology
since the 1957 influenza pan-
demic, and the 1968 pandemic
provided an opportunity to assess
these technologies. For example,
a split vaccine utilizing only
those components of the virus
essential to stimulate humoral
immunity was authorized in the
United States™; it performed
comparably to whole virus vac-
cines, with fewer adverse reac-
tions in adults®® and children.>
The principle of reassortment,
a process in which two or more
influenza A viruses exchange
genetic material, had been estab-
lished in 1960 with the combi-
nation of a low-yielding A(A2)
strain and a standard laboratory
strain (A/Puerto Rico[PR]/8).%

In 1968, successful reassortment
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of the Aichi strain with a stan-
dard laboratory strain (A/PR/8)
by simultaneous inoculation

of chick embryos produced a
combined virus with the desired
antigenicity of a pandemic virus
and the growth characteristics of
the standard laboratory strain.™
Reassortment using the A/PR /8
strain has since become standard
practice and is used in current
vaccine preparation.

To evaluate pandemic H3N2
vaccine effectiveness, officials
used a variety of methods. One
study compared respiratory
illness rates in two Michigan
communities.”” Schoolchildren
in one community received pan-
demic vaccine while the other
served as an unvaccinated com-
parison community. Throughout
the study, respiratory illness rates
in the vaccinated community
remained considerably lower
than in the comparison commu-

nity. During the 10 weeks of the
season when the Hong Kong
A(H3N2) virus was isolated
from community residents, the
excess rate of self-reported respi-
ratory illness in the unvaccinated
community was triple that of
the vaccinated community. The
authors concluded that vac-
cination of school-age children
resulted in a markedly lower rate
of respiratory illness in the entire
community. However, Glezen et
al. reached a much different con-
clusion after vaccinating infants
and children with the pandemic
vaccine. Their results demon-
strated that although the vaccine
was safe and acceptable for chil-
dren, there was no evidence that
a single dose provided adequate
protection.®

In another study of the
pandemic vaccine’s efficacy,
researchers concluded that the

attack rate in persons receiving

Jester et al.
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high doses of the pandemic vac-
cine was at least 50% lower than
in those who received the sea-
sonal A(H2) vaccine. In addition,
high-dose vaccine recipients
who did become ill experienced
milder illness, with fewer and
shorter fevers and less need for
bed rest.®’ However, the authors
cautioned that the standard dose
of the pandemic vaccine was
not effective, and multiple doses
were not feasible given the tim-
ing of the pandemic and existing
production parameters. A 2007
Cochrane review of influenza
vaccines concluded that one-
dose or two-dose monovalent
pandemic vaccines used in 1968
demonstrated 65% protection
against ILI, 93% protection
against illness from influenza
A(H3N2) virus infection, and
65% protection against hospital-
izations.”> However, their review
used a solitary study to assess all
outcomes except for ILI, which
was assessed using four studies,
limiting generalizability of the
results.

AFTER THE PANDEMIC
Walter Dowdle, who in 1968
was director of the National
Communicable Disease Center
Laboratory Program in the
WHO International Influ-
enza Center for the Americas,
declared that all that had been
learned since the 1957 H2N2
pandemic had been applied to
the 1968 H3N2 pandemic.®
For example, in 1968, the US
Advisory Committee on Im-
munization Practices published
recommendations for pan-
demic vaccine use in August,
well before the United States
experienced increased pandemic
influenza activity, identifying
priority vaccination groups to
be targeted when pandemic
vaccine became available.
During the 1957 pandemic,
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priority vaccination groups were
identified only after widespread
outbreaks.® The 1968 pandemic
also demonstrated the utility of
communication networks and
US surveillance systems that pro-
vided several large study popula-
tions for vaccine trials.*

However, the 1968 pandemic
also highlighted areas for im-
provement. Specifically, the 1968
pandemic showed the need for
WHO to incorporate a better
influenza forecasting system and
to pursue further research to
improve prevention and control
of influenza.*” Precise virological
information had been promptly
shared during the pandemic,
but epidemiological data varied
widely between countries
in both quantity and quality,
because of diverse reporting
methods, systems of medical
care, and availability and use of
laboratory diagnostic services.
This prompted WHO officials to
introduce a standard surveillance
reporting form for National In-
fluenza Centers, which had been
implemented by many and had
begun to work well by the fall
of 1969.% Global collaboration
was also highlighted in Octo-
ber 1969, when the National
Communicable Disease Center,
WHO, and Emory University
hosted an international work-
ing conference on Hong Kong
pandemic influenza.®” At the
conference, Alexander Langmuir,
director of epidemiology at the
National Communicable Disease
Center, emphasized the need for
improved influenza surveillance,
specifically the collection of
more quantitative data regarding
disease incidence, age- and sex-
specific attack rates, character
and severity of complications,
socioeconomic factors influ-
encing mortality, and vaccine
distribution and use.”

For the past 50 years, the
CDC has worked toward these

goals; many improvements,
particularly in surveillance,

have been achieved and were
used during the 2009 HIN1
pandemic. US influenza surveil-
lance now collects data from an
extensive surveillance network
of outpatient and inpatient care
settings, as well as virological
characterization using next-
generation sequencing of all
viruses received at the CDC.
Surveillance systems now also
monitor mortality and influenza
vaccination coverage. Pediatric
influenza deaths are currently
included in the Council of State
and Territorial Epidemiolo-

gists list of nationally notifiable
conditions to be reported to the
CDC. A wide range of seasonal
influenza vaccines is available.
Influenza diagnostic tests and
antiviral medications with dif-
ferent mechanisms of action and
routes of administration are now
available in many clinical settings
for the diagnosis and treatment
of seasonal influenza.

The illnesses and deaths in
19681969 were notable but did
not approximate the impact of
the A(HIN1) virus that emerged
in 1918. However, the cumula-
tive impact of A(H3N2) virus
infections over the last 50 years
has been substantial. The average
estimated number of annual
hospitalizations during the past
six seasons for A(H3N2) virus
(675000) was more than twice
that of A(HINT)pdmO09 virus
(330000).” The 20172018
H3N2-predominant influenza
season was particularly severe,
with record hospitalization rates
recorded. On the basis of data
from the National Center for
Health Statistics (NCHS), the
proportion of deaths attributed
to pneumonia and influenza
that season peaked at 10.8%, the
highest percentage recorded since
NCHS data were first used for
routine influenza surveillance.”
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Whereas A(HIN1) virus was the
scourge in the early part of the
20th century, A(H3N2) virus has
been the predominant cause of
influenza disease burden in the
early 21st century.

Several factors have con-
tributed to the higher impact
of A(H3N2) viruses over the
last 50 years. First, A(H3N2)
viruses have undergone anti-
genic change at a much higher
rate than influenza A(HINT)
viruses.”” Frequent changes to
the hemagglutinin protein have
allowed A(H3N?2) viruses to
evade human immune responses
both through (1) conformational
changes around important anti-
genic sites, notably the receptor
binding pocket, and (2) increased
glycosylation of the hemag-
glutinin protein shielding the
antigenic sites of the virus from
antibody binding.”

Secondly, A(H3NN2) virus
has had a disproportionate
impact on older adults. Persons
aged 65 years and older have a
higher rate of comorbidities that
increase their risk for influenza
complications, and this group
experiences higher mean hospi-
talization rates during influenza
seasons in which H3 viruses
predominate than in seasons
in which H1 viruses predomi-
nate.” Contributing factors may
include waning immunity and
decline in vaccine-derived im-
mune protection.”® In addition,
older adults may respond less
effectively to A(H3N2) virus
infections because of immuno-
logical imprinting, also referred
to as “original antigenic sin.””’
This suggests that persons first
infected by A(H1N1) virus (i.e.,
1918-1957) are protected from
severe HINT disease but are less
protected against severe illness
with A(H3N2) virus infection.

Third, when A(H3N?2)
viruses are propagated in eggs,
they change conformation and

May 2020, Vol 110, No. 5  AJPH

can lose sites of glycosylation,
causing them to differ from the
circulating A(H3IN2) viruses.
This likely contributes to the
lower vaccine effectiveness
observed for A(H3N2) viruses,
especially in older adults,” high-
lighting the need for improv-
ing the effectiveness of seasonal
influenza vaccines through in-
creased antigen content, addition
of adjuvants, and ultimately
through development of more
broadly protective and longer
lasting “universal” vaccines.
Since their emergence,
influenza A(H3N2) viruses have
caused substantial cumulative
morbidity and mortality world-
wide during seasonal influenza
epidemics, greatly exceeding
their impact in the first years
of the pandemic beginning in
1968. More than 50 years later,
A(H3N2) continues to adapt to
evade host immunity and cause
higher numbers of hospitaliza-
tions and deaths than influenza
A(HINT1) and B viruses. New
therapies and vaccine technolo-
gies have been developed, but
further improvements in the
prevention and control of influ-
enza are still needed and will be
critical in preparing for the next
influenza pandemic. AJPH
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