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Abstract Influenza pandemics are complex events that
have occurred frequently throughout human history, three
during the past century alone. Now the world is facing the
first 21st century pandemic, and the comparison among
them is essential to identify common epidemiologic
patterns, clinical characteristics, and outcomes. The evolu-
tion of medicine, including diagnostic and treatment
options, the critical care advances, and global responses
are new interventions that could modify the general
outcome of the pandemic. Learning from past and current
events could lead to a plan for prompt and efficient
response in future pandemics and may be help us to predict
the unpredictable.
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Introduction

Influenza pandemics have occurred frequently throughout
history, and are associated with high rates of morbidity,
social disruption, and economic losses [1, 2]; given the
historical precedents, the current epidemiologic and eco-
logic circumstances, and the knowledge about influenza
viruses, it was reasonable to assume that additional
pandemics would occur [3•]. In 2009, the prediction
became real and now the world is facing the first 21st
century influenza pandemic [4].

The previous pandemics experiences represent an ex-
traordinary opportunity for a better understanding of the
epidemiology and clinical biology of the disease. The aim
of this article is to describe the major data generated during
the last century pandemics in contrast to the current one.
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Epidemiology

The “Spanish flu” pandemic of 1918–1919 was exception-
ally severe, with a mortality rate among the infected of
more than 2.5%. It became one of the deadliest public
health crises in human history, with about 50–100 million
deaths worldwide. The outbreaks of the disease swept not
only North America and Europe but spread as far as the
Alaskan wilderness and the most remote islands of the
Pacific. Large proportions of the population became ill;
28% of the US population was probably infected [5].

The pandemic developed during World War I, so the
Army and Navy camps suffered severely from the outset.
Rarely before in the history of war has infection exhibited a
more explosive character or have so large a proportion of
troops been infected in camps. The epidemic resulted in an
unusually high fatality among the troops. From September
12 to October 18, 1918, 274,745 cases of influenza, 46,286
pneumonias, and 14,616 deaths were reported among the
troops in the United States [3].

The influenza pandemic of 1918–1919 was caused by a
recombinant influenza A H1N1 virus that was highly
virulent. The sequences from the coding regions of
hemagglutinin, neuraminidase, nucleoprotein, and matrix
proteins have revealed that the virus belongs to the
subgroup of strains that infect humans and swine [5, 6•].

The disease manifestations in 1918 and 1919 varied
from the common cold to pneumonia. The leading
symptoms were sudden-onset, severe headache, chills, back
pain, fever, prostration, and neurologic and gastrointestinal
disturbances. Most people improved with only supportive
care. The virus had a considerably varied period of
incubation—in some patients, infections as short as a day
or two—and the disease was transmissible prior to the
patient developing symptoms [3, 7••].

In some cases an aggressive, fatal bronchopneumonia
associated with progressive cyanosis and collapse occurred
and had a high mortality in healthy, young adults. The
impact was so profound that the average US life expectancy
dropped by more than 10 years [5].

The pandemic spread in three rapidly occurring waves
over a 9-month period before settling into an annual pattern
of seasonal recurrence. The first wave of the 1918
pandemic, as measured by pneumonia and influenza mortal-
ity, occurred in only a few, mostly Northern European,
countries in the summer of 1918 (July and August), and was
associated with modest mortality. The two following waves,
seen in most of the world during summer to autumn of 1918
and winter of 1918–1919, were more deadly than the first.
Although most of the world was afflicted during the three
successive waves of influenza, a few insular regions,
mainly in the southwestern Pacific, did not experience the
pandemic [8].

The 1957 and 1968 pandemics, which resulted from
reassortment between circulating descendants of the 1918
human virus and circulating avian influenza strains, were
not as deadly as the 1918 pandemic [9].

During the H2N2 Asian influenza pandemic of 1957, the
first virus was isolated in China in February. Subsequently,
the virus spread to Australia and Southeast Asia by June,
and reached the rest of Europe and South America by July–
September. By December 1957, every continent had been
infected [10].

The 1968 (Hong Kong) H3N2 influenza pandemic
occurred in two waves. The virus spread from China in
July, but the explosive outbreak was delayed by 6 months.
The second wave was more severe and the virus was more
transmissible than it had been in the first wave [9].

During 1957 and 1968, pandemics a substantial increase
in hospitalizations and deaths from respiratory illnesses and
pneumonias were reported. A case series analysis revealed
that the most frequently isolated bacteria from patients with
post-influenzal pneumonias were Streptococcus pneumo-
niae, Haemophilus influenzae, and Staphylococcus aureus,
and “pure” influenza pneumonia was considered the cause
of death in 20% of the fatal cases [10, 11].

On April 23, 2009, the Mexican government issued an
epidemic alert notifying the world of a new influenza
pandemic. The new virus spread quickly around the
world and in June 2009, the World Health Organization
(WHO) declared the start of the first 21st century
pandemic [4]. As of January 17, 2010, worldwide more
than 209 countries and overseas territories or communities
have reported laboratory-confirmed cases of pandemic
influenza H1N1 2009, including at least 14,142 deaths
[12].

The 2009 H1N1 influenza pandemic virus is a multiple
reassortant hybrid virus containing swine, human, and avian
influenza viral genes, generated by two well-established
swine influenza virus lineages: a North American descen-
dant of the 1918 human virus that has long circulated in pigs,
and a swine virus lineage derived from complete genome
adaptation of an avian virus [11, 13••].

Most human infections with pandemic H1N1 2009
viruses result in a self-limiting, uncomplicated, or even
asymptomatic disease with a clinical course similar to that
observed for seasonal influenza, but also atypical clinical
signs such as vomiting and diarrhea. Severe complications
and deaths have occurred in individuals with chronic health
conditions, obesity, respiratory diseases, and pregnancy and
even among healthy young people [14, 15•]. In contrast to the
pandemics of the last century, although bacterial colonization
has been described in hospitalized patients, bacterial pneu-
monia complications are rare [13••, 14••, 15•, 16].

The WHO has reported that many countries in the
northern hemisphere have passed the peak of their second

Curr Infect Dis Rep (2010) 12:204–210 205



wave, whereas in others intense influenza activity is still
reported [12].

Mexico’s general epidemic curve has two defined waves;
during the second wave, which occurred 6 months after the
first, many more cases were reported and confirmed, and
the mortality rates were higher than during the first wave.
However, the influenza activity has not been homogenous
within the country. The peak of the epidemic curves among
different states differed by several weeks (Fig. 1), an
important factor to consider when implementing national
public-health policies. For example, at the beginning of the
pandemic in Mexico, a national contingency plan was
instituted even in regions were the disease activity was low
or nonexistent. This approach is costly and could be
inefficient if the rate of infection and morbidity is different
in different regions.

The WHO continues to assess as moderate the impact of
the influenza pandemic. Accurate assessments of mortality
and mortality rates will likely be possible only 1–2 years
after the pandemic has peaked, and will rely on methods
similar to those used to calculate excess mortality during
seasonal influenza epidemics [17].

Diagnosis

The evolution of diagnostic methods during the current
pandemic has allowed a more accurate epidemiologic
surveillance; however, the usefulness of existing tests in
clinical decisions—such as whether to start antiviral drug
treatment—is limited because of their general availability,
cost, complexity, or low sensitivities. Laboratory identifi-
cation of human influenza virus infections is commonly
performed using direct antigen detection, virus isolation in
cell culture, or detection of influenza-specific RNA.

The viral culture provides information regarding influ-
enza subtypes, strains, and potential drug resistance, but
because of the cost and technical complexity, is recom-
mended only for research and surveillance purposes
[18••].

The sensitivity of influenza antigen detection in respira-
tory specimens by immunofluorescent staining in compar-
ison to cell culture ranges between 70% to 100%, with a
general specificity 80% to 100%, positive predictive value
85% to 94%, and negative predictive value 96% to 100%. It
is a complex method that requires special equipment and

Fig. 1 Epidemic curves during the pandemic in Mexico: comparison of general curve versus three different states
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training, and false-negative results were reported during the
2009 pandemic [19].

In recent years, commercial influenza rapid diagnostic
tests became available. These are mostly antigen detection
tests, which can produce results within 30 min, but their
performance characteristics vary according to assay type,
sample, and time of collection [20]. During the 2009
influenza pandemic the sensitivities of diverse rapid
influenza antigen tests for pandemic influenza A/H1N1
virus were low to moderate (<55%) and their specificity
ranged from 86% to 100%. Thus, the low sensitivity of
rapid antigen tests for H1N1 infection tests makes them
relatively impractical in patients with influenza-like illness
because further testing will frequently be required to make
a diagnosis [21, 22].

The real-time reverse-transcriptase polymerase chain
reaction (RT-PCR) is the method of choice, relying on the
amplification of specific sequences of the genome of A
H1N1 viruses. RT-PCR is expensive and requires specific
expertise and batch testing. The rising numbers of A H1N1
infection could generate genetic variation, modifying the
accuracy of the test; other variables that could change the
sensitivity are the time after symptom onset and viral load
(<3 days) [23, 24].

Routine testing for pandemic influenza is costly, de-
manding, and beyond the reach of most of the countries that
are affected. Clinical diagnosis has been the only univer-
sally available method used to make rapid diagnoses and to
initiate treatment decisions during all the influenza pan-
demics. During periods of influenza prevalence, clinical
diagnosis (based on typical presentations) can be highly
predictive of influenza [25].

Finally, the histopathologic diagnosis is not specific.
Pulmonary pathologic changes found during the 1918 and
2009 pandemics are similar. During the 1918–1919 pandemic,
acute aggressive bronchopneumonia featuring epithelial
necrosis, microvasculitis/vascular necrosis, hemorrhage,
and edema were reported [26]. Recently, Mauad et al.
[27•] described the first autopsy report detailing the
pulmonary pathology of the 2009 H1N1 pandemic
infection: 95.2% (20/21) of patients had severe diffuse
alveolar damage with varying degrees of alveolar hemor-
rhage, necrotizing bronchiolitis, and tracheobronchitis.

Management

The availability of therapeutic options such as antiviral
agents and antibiotics, mechanical ventilation, and
intensive care supportive measures could play a central
role in the epidemiology and outcomes of the current
pandemic.

Antiviral Agents

Neuraminidase, one of the glycoproteins on the surface of
the influenza virus, is an enzyme that cleaves sialic acid
residues from receptors for the virus, enabling the virus to
spread throughout the body. Inhibition of this enzyme stops
this spread and effectively curtails the infection. Two
inhibitors specific for influenza virus neuraminidase are
currently being used to control influenza infections (oselta-
mivir and zanamivir), and two others were under develop-
ment [28].

The 2009 H1N1 virus is susceptible to neuraminidase
inhibitors, but resistant to the adamantines. Observational
studies support the benefit of neuraminidase inhibitors in
reducing complications, including deaths, among hospital-
ized patients with 2009 pandemic influenza A (H1N1)
[14••, 15•, 16, 29••].

Although most 2009 H1N1 hospitalized patients have
been treated with oral oseltamivir, including critically ill
patients, there are no comparative studies evaluating
pharmacokinetic and clinical response. The doses and
duration of treatments have been varied, and some experts
have recommended duplicate doses [30••].

On October 23, 2009, Food and Drug Administration
Commissioner Margaret Hamburg issued an Emergency
Use Authorization for peramivir, a neuraminidase inhibitor
that may be effective in selected adult and pediatric
hospitalized patients [31]. Parenteral neuraminidase inhib-
itors (peramivir, zanamivir) might be beneficial for some
patients, but clinical trials are needed to further evaluate the
effectiveness of these drugs.

The main side effects associated with antiviral drugs are
gastrointestinal and include nausea, vomiting, and diarrhea.
Bronchospasm can occur with zanamivir, which is a
powder for inhalation. It should not be delivered via
nebulization because of the presence of lactose, which
may compromise ventilator function [32]. We have treated
3,000 ambulatory patients with oseltamivir or zanamivir:
The primary side effects reported in our population are
nausea and anorexia. Patients also report difficulty using
zanamivir. None of our patients have required in-hospital
treatment after the initiation of antivirals. More than 100
critically ill patients have been treated with oseltamivir in
a double dose for 10 days, and the secondary adverse
effects have been similar to those patients with the
standard doses.

A major public health concern is the emergence of
resistant virus, which could be either associated with
sequence changes in the hemagglutinin or with sequence
changes affecting the catalytic site on the neuraminidase.
Oseltamivir resistance to influenza virus has been a noted in
some regions. H1N1 viruses with oseltamivir resistance due
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to N1 neuraminidase mutation H274Y increased from 3%
during 2007–2008 influenza season to 97% before the
beginning of the 2009 pandemic. The emergence of
oseltamivir-resistant 2009 H1N1 virus has been rarely
identified, up to September 24, 2009, 28 resistant viruses
have been detected worldwide, characterized and reported
to WHO. Twelve of these drug-resistant viruses were from
people using oseltamivir for post-exposure prophylaxis. Six
were from patients with severe immunosuppression using
oseltamivir for treatment. Four were from other patients
receiving oseltamivir treatment. Two were from patients
who were not taking oseltamivir for either treatment or
prophylaxis. In December 2009, WHO reported two
clusters of patients infected with oseltamivir-resistant
H1N1 viruses. Both clusters, detected in Wales, the United
Kingdom, and North Carolina (USA), occurred in a single
ward in a hospital, and both involved patients whose
immune systems were severely compromised or sup-
pressed. All of the resistant viruses carried the same
H275Y mutation, indicating resistance to oseltamivir but
susceptibility to the second antiviral drug, zanamivir.
Undoubtedly, H1N1 antiviral drug resistance will be a
growing problem [33–35].

ICU Management and Outcomes

About 25% of the hospitalized patients have required ICU
management with a wide range of mortality rates (7%–
58%) [30••, 36, 37••, 38, 39].

Mechanical ventilation and critical care management
might be the most important differences among the
pandemics. In 1916 Severy and in 1926 Schwake built the
first negative-pressure ventilators, but these machines
required the patient to stand. Although they incorporated
mechanical elements, their practicality for severely ill
patients was limited. The first negative pressure ventilator
to be used successfully in clinical practice on a widespread
basis was the Drinker-Shaw “iron lung” developed in 1928.
Positive-pressure ventilation was reintroduced in 1950
after the experience generated with positive-pressure
compression devices in 1927. During World War II, the
first volume ventilator was introduced. Since then, me-
chanical ventilation has undergone continuous evolution,
with the introduction of multiple new modes and applica-
tions [40].

During the pandemics the most frequent serious compli-
cations of influenza are pulmonary and include primary
viral pneumonia, secondary bacterial pneumonia, pneumo-
nia attributable to unusual pathogens, and exacerbations of
chronic underlying diseases [41].

The main causes of death have been hypoxemia,
secondary infections, sepsis, and severe acute respiratory

distress syndrome (ARDS) [42, 43]. Several studies have
described critically ill patients with Pandemic H1N1 2009
Influenza A Virus infection [30••, 36, 37••, 38, 39], which
have included cases of rapidly progressive lower respiratory
tract disease resulting in respiratory failure, development of
ARDS, and prolonged intensive care unit (ICU) admission.
Perez-Padilla et al. [14••] reported the first 18 hospitalized
patients in Mexico City, with H1N1 2009 Influenza A
pandemic infection, 10 patients developed respiratory
distress requiring intubation and mechanical ventilation
with a mortality rate of 58%.

After evaluating the most relevant series of critically ill
patients 70% required mechanical ventilation, 38% vaso-
pressors, 7% prone position, and 5% renal replacement
therapy [41]. The mortality rates have been variable.
Dominguez-Cherit et al. [30••] described 58 critically ill
patients with 2009 influenza A H1N1 virus infection,
during the first wave in Mexico. Of these, 24 (41.4%)
died. Series reported from the United States, Canada, and
Spain, reported a mortality rates of 7%, 17% and 18.7%,
respectively [36, 37••, 38]. The risk factors identified in the
series were similar; therefore the outcomes differences
might be associated with the time between the symptoms
onset and the initial treatment.

The use of some protective ventilator strategies has
lowered the general ventilation mortality rate. The strate-
gies in patients with ARDS include target tidal volume of
6 mL/kg (predicted body weight) and the initial upper limit
goal for plateau pressures ≤30 cm H2O. Invasive ventila-
tion, with a lung-protective strategy, has been recommen-
ded as the initial approach for the management of ARDS
patients with Pandemic H1N1 Influenza [29••, 44, 45].

Hydrocortisone should be considered in patients with
refractory septic shock [46, 47] and should be given in a
dose of 200 mg/d in four divided doses or as a bolus of
100 mg followed by a continuous infusion (240 mg/d)
[48••]. Marik et al. [48••] investigated the efficacy of low
doses of corticosteroids in septic shock patients with or
without early ARDS, showing that a 7-day treatment with
low doses of corticosteroids was associated with better
outcomes in septic shock-associated early ARDS non-
responders, but not in responders or in septic shock patients
without ARDS. Nonrandomized, controlled studies have
been done addressing the utility of steroids in patients with
refractory septic shock and ARDS related to Pandemic
influenza A H1N1 virus infection.

A large proportion of critically ill patients with pandemic
Influenza A H1N1 virus infection who survived required
mechanical ventilation and rescue therapies such as high-
frequency oscillatory ventilation, prone positioning, neuro-
muscular blockade, inhaled nitric oxide, and extracorporeal
membrane oxygenation [30••, 36, 37••, 38, 39].
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Conclusions

Influenza is one of the oldest known epidemic diseases, yet
hardly any other infectious disease is more difficult to
study. Pandemics have been similar in several aspects, yet
each has unique characteristics probably based on the
complexity of the viral-host interactions. To predict the next
pandemic, we should think about the feasibility of predict-
ing the unpredictable. Many fundamental questions remain
unsolved. During the 21st century, pandemic medical
progress in antiviral medication and management of
critically ill patients has been evident. In addition to
availability of antiviral drugs, critical care, and multidisci-
plinary management teams, more timely and widespread
public health interventions might be the key to better
outcomes. Learning from the past is necessary to identify
the most effective management strategies and to prepare for
the future, unavoidable, next pandemic.
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