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ABSTRACT■■

Unexpectedly, swine-origin influenza A (H1N1) virus 
(S-OIV, informally known as swine flu) appeared in North 
America at the very end of the 2008–2009 influenza 
season and began to spread internationally. As the world 
mobilizes for a potential pandemic, this article sum-
marizes the developments in diagnosis, treatment, and 
prevention.

KEY POINTS■■

What happens in the annual influenza season in the 
Southern Hemisphere will indicate the prospects of S-OIV 
progressing to a pandemic.

Oseltamivir (Tamiflu) and zanamivir (Relenza) are active 
against S-OIV and are recommended for hospitalized 
patients or people at higher risk of influenza-related 
complications.

Otherwise-healthy patients who present with an un-
complicated febrile illness due to S-OIV do not require 
antiviral treatment.

Hand-washing is the most important preventive measure.

Vaccine development may take 4 to 6 months. The most 
difficult question about vaccine development for S-OIV is 
whether to prepare it as a separate product or incorpo-
rate it in the seasonal influenza vaccine.
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T he unexpected and well-publicized appear-
ance of swine-origin influenza A (H1N1) 

virus (S-OIV, informally known as swine flu) 
has both physicians and the general public 
on edge. The health care system is mobilizing 
while the world watches to see if S-OIV will 
become a pandemic or will just fade away, like 
the swine flu outbreak of 1976.
 In this update, written in mid-May 2009, I 
try to provide an overview of our current un-
derstanding of S-OIV, its diagnosis, treatment, 
and prevention, knowing that the information 
about the outbreak is being updated almost 
daily. To stay abreast of the latest develop-
ments, physicians should also consult Web 
sites of the US Centers for Disease Control 
and Prevention (CDC) and the World Health 
Organization (WHO).

Is It really ‘swIne’? ■

An unexpected surge in influenza A cases 
toward the end of the 2008-2009 influenza 
season occurring in and around Mexico City 
alerted health authorities to a type of influenza 
virus infection that does not commonly affect 
humans.
 In most years, the annual influenza epidem-
ics in the Northern Hemisphere wane by the 
end of April. S-OIV infection first appeared 
in Mexico in April 2009 and shortly after in 
California and Texas.
 In the first few days, the specific viral ge-
netic origin of the epidemic was unclear. But 
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genetic analysis of the virus isolated from a 
patient in California found that this virus was 
a recent reassortant of previous triple-reassor-
tants of viruses from pigs, humans, and birds, 
called triple-reassortant swine influenza A 
(H1) viruses, which have been circulating in 
pigs for about a decade, and a Eurasian swine 
influenza virus.1

 Through the years, only a few influenza vi-
ruses have been successfully transmitted from 
birds to humans and then to swine.2 It is inter-
esting that exposure to pigs is not a risk factor 
for infection with the current S-OIV, unlike 
in prior cases of swine influenza reported in 
the literature.3,4 Total reported cases of swine 
influenza in humans numbered only 50 from 
1958 to 2005 and 11 from December 2005 
through February 2009, but more cases must 
have occurred that were not readily identi-
fied.
 The Veterinary Services of Canada an-
nounced on May 2, 2009, that a pig farm in 
Alberta had been infected with the current 
type of S-OIV. The infection was introduced 
to the farm by a carpenter who developed 
symptoms of influenza after a short stay in 
Mexico. It is reassuring to learn that, so far, 
the S-OIV causing illness in these pigs has not 
been transmitted to people living on that farm. 
The failure of the S-OIV to transmit back to 
people suggests that it did not come into the 
human population directly from swine.

an epIdemIc In motIon ■

As of this writing, 2,532 cases of S-OIV have 
been confirmed in the United States by the 
CDC in 44 states, and 3 people have died, for 
a case-fatality rate of 0.11%. Simultaneously, 
the WHO reported 4,694 confirmed cases in 
30 countries, with 53 deaths (a case-fatality 
rate of 1.1%), and with 48 of the deaths out-
side the United States occurring in Mexico.
 It is unclear which direction this epidemic 
will take over the next several months. What 
happens in the annual influenza season in the 
Southern Hemisphere, which is just starting, 
and the early features of influenza activity in 
the Northern Hemisphere starting in Septem-
ber 2009 will indicate how this epidemic will 
materialize and the prospects of it’s progress-
ing to an influenza pandemic.

 While most adults today have some im-
munity against previously circulating H1 
variants, it is not known if cross-reacting an-
tibodies would provide any protection against 
the current S-OIV. An animal model showed 
that mice immunized against the neuramini-
dase of a human influenza A (H1N1) virus 
were partially protected from lethal challenge 
with H5N1 virus.5 In that same study, some 
humans also had serum antibodies that can in-
hibit sialidase activity of avian H5N1 viruses.

a remnant of the 1918 pandemic?
The two mechanisms by which pandemic 
influenza occurred in the 20th century were 
direct transmission of a novel virus and reas-
sortment of avian and human viruses. In the 
1918 pandemic, an influenza A (H1N1) virus 
closely related to avian viruses adapted to rep-
licate efficiently in humans. Reassortment of 
an avian influenza A (H2N2) virus and a hu-
man influenza A (H1N1) virus resulted in the 
1957 pandemic, and reassortment of an avian 
influenza A H3 virus and a human influenza A 
(H2N2) virus resulted in the 1968 pandemic.6 
One could thus consider the current S-OIV 
epidemic as genetically a remnant or continu-
ation of the 1918 pandemic, but so far it is less 
deadly.1

what should we be looking for?
Several characteristic features were seen in 
prior pandemics that we should be looking for 
in the next few months to better understand 
the pandemic potential of the current S-OIV 
epidemic.7

 While the severity of prior pandemics var-
ied significantly, they were all heralded by an 
antigenic shift in viral subtype. Young adults 
and previously healthy people were dispro-
portionately affected and had a higher-than-
expected death rate. This may be explained 
by partial protection in older people due to 
antigen recycling. Secondary bacterial pneu-
monia is believed to have been a significant 
cause of death in the 1918 pandemic,8 and 
bacterial pharyngeal carriage rates are higher 
in younger people.
 Pandemic waves smoldered, lasting  2 to 5 
years, but the pattern of deaths varied signifi-
cantly in different parts of the world. For ex-
ample, in 1968, most deaths in North Ameri-

The current 
epidemic 
is mainly  
affecting 
younger people
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ca occurred during the first pandemic season, 
whereas most deaths in Europe and Asia oc-
curred during the second pandemic season.9 
This may be explained by geographic varia-
tion in preexisting immunity, intrapandemic 
antigenic drift, viral adaptation, demographic 
differences, or seasonality.
 Of importance, influenza viruses that 
caused prior pandemics were highly transmis-
sible between humans.

clInIcal features  ■
of the current outbreak 

The current S-OIV epidemic in the United 
States is affecting mainly younger people: 
60% of people affected have been 18 years of 
age or younger.10,11 It is unclear if this is due to 
transmission patterns or to possible immunity 
in older patients. Efficient human-to-human 
transmission within the United States is oc-
curring, since only 18% of patients had re-
cently traveled to Mexico. School outbreaks 
accounted for 16% of cases so far.
 Patients have symptoms similar to those of 
seasonal influenza, with few exceptions. The 
most frequently reported symptoms are cough, 
fever, fatigue, headache, sore throat, runny 
nose, chills, and muscle aches, all occurring in 
80% or more of patients. Almost all patients 
fit the CDC definition for influenza-like ill-
ness, consisting of subjective fever plus cough 
or sore throat.
 Nausea, abdominal pain, and diarrhea, 
which are not common symptoms of seasonal 
influenza, have been reported in approximate-
ly 50% of patients with S-OIV. The spectrum 
of illness ranges from self-limited to severe, 
with 2% of patients developing pneumonia 
and 9% requiring hospitalization.
 Continued analysis of the case-fatality rate 
highlights that people ages 20 to 29 are dispro-
portionately represented among the fatalities.

a pcr test has been developed
Since clinical findings identify patients with 
influenza-like illness but cannot confirm or 
exclude the diagnosis of influenza,12 a specif-
ic diagnostic real-time reverse-transcriptase 
polymerase chain reaction (RT-PCR) test has 
been developed, and the CDC is currently dis-
tributing it to state health departments.

an interim case definition
An interim case definition for the purpose of 
epidemiologic investigation of cases of S-OIV 
infection includes acute fever (temperature ≥ 
100°F, 37.8°C) and acute respiratory illness 
(rhinorrhea, sore throat, or cough), plus:

For a confirmed case, S-OIV infection con-•	
firmed by RT-PCR or viral culture
For a probable case, laboratory-confirmed •	
influenza A, but negative for H1 and H3 
by RT-PCR
For a suspected case, onset of above illness •	
within 7 days of close contact with a con-
firmed case of S-OIV infection; or travel 
within 7 days to a community within the 
United States or internationally where 
there are one or more confirmed cases 
of S-OIV infection; or residing in such a 
community.

In practice, is it seasonal flu or swine flu?
In clinical practice in United States, in the 
springtime, a person with influenza-like ill-
ness and microbiologically confirmed season-
al influenza B obviously would not raise any 
concern about the ongoing S-OIV epidemic. 
Sporadic cases of seasonal influenza A are still 
occurring, but these are the ones that create 
a diagnostic dilemma, since very few labora-
tories currently have the ability to differenti-
ate between influenza A H1 and H3. Since 
S-OIV has been reported in almost all states 
in the United States, one can argue that most 
cases of influenza A currently being identified 
should be considered suspected S-OIV.

preventIve measures ■

In response to this ongoing outbreak, the 
WHO raised its epidemic alert level from 4 
to 5, one level shy of declaring a pandemic. 
Several measures have been implemented in 
an attempt to halt this outbreak, the most im-
portant of which is the rapid dissemination of 
information to health professionals,13 with the 
Internet playing a central role.14

 The world is better prepared for a pandem-
ic now than at any time in history. Seed virus 
for vaccine development has been provided 
to various governments and pharmaceutical 
manufacturers. Stockpiles of antiviral agents 
are being mobilized and distributed to various 

The world is 
better prepared 
for a pandemic 
now than at any 
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locations, and dispensing plans are being re-
viewed for potential execution. The US Food 
and Drug Administration (FDA) issued emer-
gency-use authorizations for mass deployment 
of the strategic stockpile of oseltamivir (Tami-
flu), including for children younger than 1 
year, and of zanamivir (Relenza) for the treat-
ment and prophylaxis of S-OIV infection. It 
also authorized the use of disposable N95 re-
spiratory masks by the general public, as well 
as the RT-PCR diagnostic test.

General advice for healthy people 
in the community

Maintain a distance of at least 1 meter from •	
a person with influenza-like illness.
Wear a mask while providing care for a •	
person with influenza-like illness.
Avoid touching your eyes, nose, or mouth, •	
since these are potential portals of entry 
for the virus. This may be a difficult rec-
ommendation to follow, since it requires 
constant vigilance of a common human 
behavior.
Wash your hands often with either soap •	
and water or an alcohol-based hand rub 
for 20 to 30 seconds, particularly after 
touching your eyes, nose, or mouth or after 
contact with respiratory secretions from a 
person, including your child, with influen-
za-like illness.
If possible, reduce the time spent in close •	
contact with people with influenza-like ill-
ness and in crowded settings.
If possible, open windows in your living •	
space to improve airflow.

 While the CDC has recommended avoid-
ing nonessential travel to Mexico at the cur-
rent time, the WHO is not recommending 
any travel restrictions, since the outbreak has 
already spread to many parts of the world and 
all continents.
 There is no limitation on handling or 
consuming pork meat or other well-processed 
swine products.
 Recommendations for school dismissal and 
social-distancing interventions are evolving. 
During the 1918 pandemic, nonpharmaceuti-
cal interventions were associated with a sig-
nificant reduction in deaths,15 but it is unclear 
how much additional benefit these measures 
would add to effective immunization, antiviral 

treatment for patients, and chemoprophylaxis 
for their contacts.

General advice for people  
with influenza-like illness

Stay home for 7 days after the onset of •	
symptoms or 48 hours after symptoms re-
solve, whichever is longer.
Maintain a distance of at least 1 meter •	
from all people.
Cover your mouth and nose with tissues •	
when coughing or sneezing, and dispose of 
the tissues immediately after use.
Avoid touching your eyes, nose, and •	
mouth.
Wash your hands often with either soap •	
and water or an alcohol-based hand rub for 
20 to 30 seconds, particularly after touch-
ing your eyes, nose, or mouth or after con-
tact with your respiratory secretions during 
coughing or sneezing. Adding virucidal 
agents or antiseptics to hand-washing is 
not likely to have an incremental effect.16

If possible, open windows in your living •	
space to improve airflow.
If possible, when you are in close contact •	
with other people, wear a mask to help 
contain your respiratory secretions.

masks
The designs and standards of masks vary from 
country to country. Masks have been shown to 
reduce the transmission of influenza in health 
care settings,16 but the benefit in the com-
munity has not been established. Advice on 
proper use of a mask:

Cover your mouth and nose with the mask •	
and tie it securely to minimize gaps.
Avoid touching the mask while it is on •	
your face.
Wash your hands with soap and water or •	
an alcohol-based hand rub for 20 to 30 sec-
onds after removing the mask.
If the mask becomes damp, replace it with •	
a new one.
Avoid reusing single-use masks, and dis-•	
pose of them immediately after removing.

vaccIne development ■

The most difficult question about vaccine de-
velopment for S-OIV at this time is whether 

People should 
stay home for 
7 days after 
symptoms 
appear or 2 
days after they 
resolve, which-
ever is longer
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to prepare it as a separate product or try to in-
corporate it in the seasonal influenza vaccine.
 The problem is that the seasonal influenza 
vaccine for the Southern Hemisphere has al-
ready been made and distributed, and vacci-
nation programs are already well under way. 
Although flu season in the Northern Hemi-
sphere is not expected before September or 
October 2009, vaccine production and distri-
bution take several months, leaving little time 
to observe which direction the S-OIV epi-
demic will take before making this decision.
 Vaccine distribution also raises difficult 
questions, since a limited amount will be avail-
able initially and rationing to the most vul-
nerable people will be necessary. While health 
care workers are more likely to be exposed to 
people infected with S-OIV compared with 
the general population, mandating their im-
munization may pose other moral dilemmas.17

 The current global capacity for production 
of seasonal influenza vaccine is approximately 
400 million doses.18 Since the process of vac-
cine production takes at least 4 to 6 months, 
measures have been proposed to speed up the 
production of pandemic vaccine or immuno-
genicity; these include recombinant technol-
ogy, reverse genetics, and the use of adjuvants. 
In April 2007, the FDA approved the first H5 
subviron vaccine for people ages 19 to 64.
 This topic brings back memories of the 
1976 swine influenza immunization program, 
in which the rate of Guillain-Barré syndrome 
was 5 to 10 times the background rate, result-
ing in a halt in vaccine production.
 Why this syndrome occurred is not known, 
but it is suspected to be due to cross-reacting 
antibodies against peripheral-nerve antigen 
that developed after the vaccine was given. 
Data since then have shown no association 
between vaccination and Guillain-Barré syn-
drome.19 On the other hand, influenza viruses 
were found to trigger Guillain-Barré syndrome 
only infrequently, except during major out-
breaks, in which they may play a significant 
role.20

treatment ■

antiviral drugs
Tests of current S-OIV isolates showed them 
to be susceptible to the neuraminidase in-

hibitors, ie, oseltamivir and zanamivir, but 
resistant to the adamantanes, ie, amantadine 
(Symmetrel) and rimantadine (Flumadine).21 
All isolates contained the S31N mutation 
in the M2 protein, which confers resistance 
against the adamantanes and which has been 
detected in most influenza A (H3N2) isolates 
in the United States since 2006. Fortunately, 
the H274Y mutation in N1—which confers 
resistance to oseltamivir but not to zanamivir 
and which has been detected in almost all sea-
sonal influenza A (H1N1) isolates since the 
early weeks of the current influenza season— 
has not been detected in any of the current 
S-OIV isolates.
 Patients who are otherwise healthy who 
present with an uncomplicated febrile ill-
ness due to S-OIV do not require antiviral 
treatment. Either oseltamivir or zanamivir 
is recommended for treatment of patients 
hospitalized for management of confirmed, 
probable, or suspected infection with S-OIV, 
or for those at high risk of influenza-related 
complications, defined similarly to seasonal 
influenza (TABLE 1).
 The duration of shedding of S-OIV is un-
known, but starting an antiviral agent early in 
the course of illness is expected to reduce con-
tagiousness. Extrapolating from data in sea-
sonal influenza, infected persons are assumed 
to be shedding virus from 1 day prior to illness 

Current S-OIV 
isolates are 
susceptible to 
oseltamivir and 
zanamivir, but 
are resistant to 
adamantanes

table 1

groups at higher risk of complications 
of swine-origin influenza virus infection

Children < 5 years old

Adults age 65 and older 

Children and adolescents (≤ 18 years) who are receiving long-term 
aspirin therapy and who might be at risk of Reye syndrome after 
influenza virus infection

Pregnant women

Adults and children who have a chronic pulmonary, cardiovascular, 
hepatic, hematologic, neurologic, neuromuscular, or metabolic 
disorder

Adults and children who are immunosuppressed (including immu-
nosuppression caused by drugs or human immunodeficiency virus)

Residents of nursing homes and other long-term care facilities
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onset until resolution of symptoms, usually 7 
days, and up to 10 days in younger children.
 Oseltamivir accounts for the lion’s share 
of the stockpile of antiviral drugs against pan-
demic influenza. However, with mass utiliza-
tion, antiviral resistance to a single agent may 

develop. A mathematical model showed that 
adding a smaller stockpile of a second agent, 
such as zanamivir, to be used either in combi-
nation with or sequential to oseltamivir, can 
effectively prevent or at least delay the devel-
opment of resistance.22

table 2

How does the current S-OIV epidemic compare 
with previous seasonal, pandemic, and avian influenza outbreaks?
   current s-oIv a seasonal Influenza 1918 pandemIc Influenza avIan Influenza a (h5n1)

Incidence 
  worldwide 
  united states

Sporadic until 4/09: 
  4,694 (30 countries) 
  2,532 (44 states)

~ 5%–20%  
  3–5 million severe cases

~ 30%  
  ~ 500 million  
  ~ 600,000

 
423 (15 countries) 
None

Geographic  
distribution

30 countries  
on all continents

Worldwide Worldwide 15 countries in Asia and Africa

reproductive 

number b
1.2–1.6 1.3 2–5 Human-to-human trans- 

mission not confirmed 

age distribution 
 (years)

Median 20 (60% ≤ 18) Highest rate in children Highest in children 
and young adults

Median 14 (predominance in 
children and young adults)

clinical 
presentation

Cough, fever, fatigue, 
headache, sore throat, 
runny nose, chills, and 
muscle aches (≥ 80%);  
nausea, abdominal pain, 
and diarrhea (~ 50%)

Influenza-like illness: 
subjective fever and 
cough (with or without 
sore throat)

Rapidly progressive 
pneumonia

Fever, sore throat, rhinor-
rhea, cough, and shortness 
of breath; gastrointestinal 
symptoms in 50%; most had 
exposure to dead or ill poultry

pneumonia 2% Primary (rare but severe) 
Secondary (Streptococcus 
pneumoniae 50%, MRSA 
20%)

5–10% 58%

hospitalization 9% 200,000; mainly those 
age 85 and older

Many in makeshift 
hospitals

Almost all 

case-fatality rate 
     worldwide 
     united states

 
53 (1.1%) 
  3 (0.11%)

 
250,000–500,000 
36,000 (25% due to 
secondary bacterial 
pneumonia)

 
50–100 million 
700,000

 
258 deaths (61%) 
None

prevention 
(hand-washing is 
most important)

Vaccine not 
yet available

Trivalent vaccine 
updated annually

Quarantine of cases First vaccine approved in 
United States in 4/07

treatment Oseltamivir or 
zanamivir

Influenza B: oseltamivir 
or zanamivir 
Influenza A: zanamivir 
or oseltamivir plus an 
adamantane

Convalescent blood 
products

Oseltamivir, possibly at a 
higher dose and for a longer 
duration than for seasonal 
influenza

a As of May 11, 2009 
b Reproductive number = number of new cases attributable to a single established case 
S-OIV = swine-origin influenza virus, MRSA = methicillin-resistant Staphylococcus aureus
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other potential measures for management
Since secondary bacterial pneumonia is ex-
pected to play a significant role in influen-
za-related death during the next pandemic, 
stockpiling antibacterial agents may also be 
prudent.8 The death rate in methicillin-re-
sistant Staphylococcus aureus pneumonia sec-
ondary to seasonal influenza is 50%, further 
complicating the choice of stockpiling for an-
tibacterial agents.
 A meta-analysis of 11 studies involving 
1,703 patients during the 1918 pandemic 
showed that those who received influenza-
convalescent human blood products were less 
likely to die than those who did not.23 Anti-
influenza drugs and advanced techniques to 
care for critically ill patients were not avail-
able at that time, so extrapolating these data 
to the current era may not be appropriate.
 The cost of vaccine and antiviral drugs 
is an expected limitation to mass imple-

mentation during a pandemic, particularly 
in developing countries. Certain inexpen-
sive generic drugs that have been shown to 
have some activity against influenza, such 
statins, fibrates, and chloroquine, deserve 
further attention.24

puttInG the current epIdemIc  ■
In perspectIve

To put the current S-OIV epidemic in per-
spective, it helps to compare it with seasonal 
and prior pandemic influenza, as well as with 
the ongoing influenza A (H5N1) avian epi-
demic (TABLE 2).
 In summary, the world is now better pre-
pared, vaccine is in development, and antiviral 
treatment is available. For more information, 
readers are directed to go to www.cdc.gov/
h1n1flu/ or www.who.int/csr/don/2009_05_11/
en/index.html.	 ■
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