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Abstract Preliminary data regarding the experience of
countries of the Northern Hemisphere with pandemic
2009 A(H1N1) influenza have already appeared in the
literature. We aimed to evaluate the available published
literature describing the epidemiological features of pan-
demic influenza. We searched PubMed; 35 studies (14
referred to European countries, eight to the USA, five to
Mexico, four to Canada, two to Japan, one to Colombia,
and one reviewed relevant data reported worldwide) were
included. Considerably high hospitalization, intensive care
unit (ICU) admission, and fatality rates (up to 93.8, 36.4,
and 38.5%, respectively) among the evaluated cases were
reported across studies with available relevant data.
Young and middle-aged adults constituted the majority of
the evaluated pandemic cases, with different disease
severity (as indicated by the level of care and outcome).
Yet, substantial percentages of elderly individuals were
reported among more severely afflicted cases. Otherwise
healthy patients constituted substantial percentages among

evaluated cases with different disease severity. Pregnant
women, obese, and morbidly obese patients also constituted
substantial percentages of the cases involved in the
included studies. The evaluation of the currently available
published evidence contributes to the clarification of the
epidemiological features of pandemic 2009 A(H1N1)
influenza, which is useful in terms of the individual and
public health perspectives.

Introduction

Influenza is an important clinical entity. The burden of
this infection is considerable, as it is associated with
considerably high hospitalization and mortality rates, as
well as with increased direct and indirect costs [1]. The
burden of influenza infection became even more pro-
nounced with the emergence of the recent influenza
pandemic. Specifically, the effective management of this
global threat necessitated the awareness of the respective
epidemiological aspects.

Evidence deriving from studies presenting the experi-
ence of countries of the Southern Hemisphere with
pandemic influenza, as well as preliminary data from the
USA, suggests that 2009 pandemic influenza affects mostly
populations of younger age [2–5], a fact that is contradic-
tory to the knowledge regarding seasonal influenza, in
which severe disease as well as mortality is observed more
frequently in elderly populations [6]. Additionally, patients
with comorbidity and, specifically, sub-populations such as
pregnant women and obese individuals also appear to suffer
more severely from pandemic influenza [4, 5].

The aim of this review was to collect and evaluate the
available evidence regarding various epidemiological
aspects of 2009 H1N1 influenza that was derived from
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studies, published up to this writing, referring to the
experience of countries from the Northern Hemisphere
with pandemic influenza.

Data sources

The articles to be included in our review were retrieved
from searches performed in the PubMed database. The
PubMed database was assessed to the end of November
2009. We used the following search term: “[(swine OR
H1N1) AND (flu OR influenza OR virus OR outbreak OR
pandemic) AND "last 6 months"]”, which was provided
by the PubMed database to its users, in order to enable quick
and easy access to the latest H1N1 citations. We also hand-
searched the bibliographies of relevant articles.

Study selection criteria

A study was considered as eligible for inclusion in our
review if it reported original data regarding epidemiological
features of patients of any age with 2009 influenza A
(H1N1) infection (either confirmed or probable) and also
originated from countries of the Northern Hemisphere.
Abstracts presented in scientific conferences were not
regarded as eligible for inclusion in our review. Only
articles published in the English language were regarded as
eligible for inclusion in our review.

Data extraction

Two reviewers (N.V.C and E.K.V.) performed the literature
search, assessed the eligibility of relevant studies, and
extracted the data, independently. Data obtained from the
included articles referred to study characteristics (country,
study period, study population), demographic character-
istics of the patients (age, sex), any kind of potential risk
factors for influenza, comorbidity (such as obesity, preg-
nancy, respiratory diseases, cardiovascular disease, diabetes
mellitus, chronic neurological disease), as well as history of
seasonal influenza 2008–2009 vaccination). The above-
mentioned data were extracted for the whole patient
populations involved in each of the included studies, as
well as for the sub-populations of patients with pandemic
influenza of different severity, as this was indicated by the
level of health-care they received (hospitalized patients,
patients admitted in the intensive care unit [ICU]), and the
outcome of the influenza infection (fatal cases).

Study characteristics

A total of 35 studies were regarded as eligible for inclusion
in our review [2, 4, 7–39]. Specifically, 14 of the 35
included studies referred to European countries [7–20],

eight to the USA [2, 4, 21–26], five to Mexico [31–35],
four to Canada [27–30], two to Japan [37, 38], one to
Colombia [36], whereas the remaining study referred to a
specific number of fatal cases associated with pandemic
influenza that were reported worldwide up to a specific
time point [39]. The data retrieved and evaluated from this
specific study referred only to continents or countries of the
Northern Hemisphere. The data retrieved from studies
originating from European countries, USA and Canada,
and from the rest of the world are presented in tabulated
form in Table 1, Table 2, and Table 3, respectively.

Four of the 35 included studies referring to Mexico
covered a time period starting in March and ending in April
[32, 34], May [35], and June [31], respectively. Eleven of
the 35 included studies referred to a time period starting
from April and ending in May [8, 9, 12, 21–24, 26, 28, 33,
37], four to a period starting from April and ending in June
[2, 10, 14, 30], two to a period from April until July [16,
39], four from April until August [4, 7, 13, 27], and one to
an extended time period from April to October [15]. Four
other studies covered a time period from May until June
[11, 19, 20, 38], whereas two studies covered a time period
from May until July [29, 36]. Two other studies covered a
time period from June to July [18, 25], whereas the
remaining study covered a time period from June to
September [17]. Additionally, the evaluated population
constituted solely of hospitalized cases with 2009 H1N1
influenza in 8 of the 35 included studies, [2, 4, 15, 17, 25,
29, 32, 37] of patients admitted into the ICU in three
studies [7, 18, 27], and from fatal cases associated with
2009 H1N1 influenza in one study [39]. Of note, 2 of the
35 included studies involved only pregnant cases [22, 25].

Hospitalization, ICU admission, and fatality rate

The rate of hospitalization among the evaluated pandemic
influenza cases ranged between 0 and 93.8% in 13 studies
that provided relevant data [8, 10, 11, 13, 14, 19–22, 24,
26, 28, 36]. The rate of admission into the ICU among the
evaluated pandemic influenza cases ranged between 0 and
36.4% in four studies [14, 21, 22, 28]. The rate of
admission into the ICU among hospitalized cases ranged
between 9 and 66.7% in six studies [2, 4, 15, 17, 29, 32].
Specific data are presented in Table 1. The fatality rate
among the evaluated pandemic influenza cases was 0% in
13 of the included studies [8–10, 12–14, 16, 19, 20, 24, 26,
28, 37]. However, the respective rates reported from five
other studies ranged between 2 and 38.5% [18, 21, 22, 33,
36]. The fatality rate among hospitalized cases ranged
between 0 and 38.9% in six of the included studies [2, 4,
15, 17, 29, 32], whereas the fatality rate among cases
admitted into the ICU ranged between 25 and 41.4% in
three studies [7, 27, 31].
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Epidemiological characteristics of cases

In Table 4, we present the percentage of specific epidemi-
ological groups (defined with regard to age, sex, or the
presence of risk factors or comorbid conditions) among the
patients involved in the respective included studies (strat-
ified with regard to the type of diagnosis, level of health-
care they received, and outcome).

Age and sex

Among the evaluated cases of 2009 H1N1 influenza, young
and middle-aged adults constituted the majority of the
reported cases; the percentages ranged between 13.2 and
83.7% among studies with available relevant data. Older
children and adolescents followed, with percentages rang-
ing between 6.3 and 79.5%, and young children with
percentages ranging from 2.3 to 62.9%. This observation
was consistent regarding the evaluated hospitalized cases.
Specific data are presented in Table 4. In two studies with
available relevant data, the highest rate of admission into
the ICU was observed for young and middle-aged adults
(50% [7] and 58.8% [27], respectively), whereas the lowest
rate was observed for senior patients (3.1% [7] and 8.3%
[27], respectively). Among fatal cases, young and middle-
aged adults constituted the majority, with percentages
ranging from 65.5 to 91.7%, according to the data provided
from six of the included studies [27, 31, 33–35, 39]. Yet,
substantial percentages ranging from 4.2 to 20.7% were
observed for seniors [27, 31, 33–35, 39].

Considerable differences were not observed between the
male and female sex among the evaluated, hospitalized,
ICU, and fatal cases. Specific data are presented in Table 4.
Yet, men constituted the majority in three studies reporting
data for 97 laboratory-confirmed cases [26], 58 hospitalized
cases [29], and 32 ICU cases [7]. The respective percen-
tages were 75.3% [26], 60.3% [29], and 73.3% [7].

Seasonal (2008–2009) influenza vaccination

The percentage of patients vaccinated for seasonal (2008–2009)
influenza ranged between 3.4 and 66.3% among the evaluated
cases in eight studies that provided relevant data [9, 12, 14, 22,
24, 26, 28, 31]. The respective percentage of hospitalized
cases ranged between 15.8 and 51.2% in three studies
providing relevant data [21, 32, 37], whereas a single study
reported a rather low percentage of 6% among ICU cases [27].
No relevant data were available regarding fatal cases.

Comorbidity

Cases without any comorbidity constituted the majority of
the evaluated cases in 2 of the 3 studies that providedT
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Table 4 Percentage of different epidemiological groups among cases of pandemic influenza with different severity in studies originating from the
Northern Hemispherea

Epidemiological
groups

Evaluated patient population
(ILI or laboratory-confirmed cases)

Hospitalized patients ICU patients Fatal cases

[Specification in case of discrepancies]:
(percentage %) [reference]

Age

Young children [0–9y] (6.3%) [8], (29%) [10], (2.3%) [11],
(12.5%) [12], (5.1%) [13], (13.9%)
[14], (9%) [16], (19.9%) [21],
(14.8%) [36], (4.2%) [38], [0–11y]:
(62.1%) [23], (62.9%) [20], (28%)
[33], (27.9%) [35]

(23.4%) [15], (26.5%)
[2], [0–10y]: (22.2%)
[32], (2.0%) [37]

(20.2%) [27] (10.3%) [27], (11.3%)
[39], [0–10y]: 1/7 [32],
(8.1%) [33], (10%) [34],
(15.6%) [35], [0–17y]:
(6.8%) [4]

Older children and
adolescents [10–19y]

(12.5%) [8], (33.7%) [10], (14%) [11],
[10–18y]: (16.4%) [12], [10–29y]:
(77%) [13], (13%) [14], (39.9%)
[16], [10–18y]: (39.8%) [21],
<18y: (14.7%) [22], (21.3%) [36],
(6.9%) [31], (79.5%) [38], [12–18y]:
(24.6%) [23], [13–18y]: (8.2%) [19],
[10–12y]: (37.1%) [20], (25.3%)
[33], [2–17y]: (25.8%) [26],
(33.6%) [35]

(21.5%) [15], [10–17y]:
(18.4%) [2], [11–15y]:
(5.6%) [32], (81.6%) [37]

(12.5%) [27] (3.4%) [27], (4.2%) [31],
(10%) [39], [11–15y]:
1/7 [32], (5.4%) [33],
(13%) [34], (4.1%) [35],
2/4 [15]

Adults, young and
middle-aged
[20–65y]

[20–59y]: (75%) [8], [20–59y]: (34.9%)
[10], [20–59y]: (83.7%) [11], [19–65y]:
(69.5%) [12], [30–59y]: (17%) [13],
[20–59y]: (66.1%) [14], [20–59y]:
(55.8%) [16], [19–50y]: (35.2%) [21],
[18–29y]: (50%) [22], [20–59y]:
(59.6%) [36], [20–59y]: (77.6%)
[31], [20–59y]: (15.5%) [38],
[19–64y]: (13.2%) [23], [20–49y]:
(90%) [24], [20–59y]: (44.3%) [33],
[25–44y]: ∼28% [34]b, [18–49y]:
(71.1%) [26], [20–59y]: (36%) [35]

[20–59y]: (49.3%) [15],
[18–64y]: (15.4%) [2],
[16–61y]: (72.2%) [32],
≥20y: (16.3%) [37]

[20–59y]: (58.9%) [27],
[18–40y]: (50%) [7]

[20–59y]: (65.5%) [27],
[20–59y]: (91.7%) [31],
[20–59y]: (66.3%) [39],
[16–52y]: 5/7 [32],
[20–59y]: (81.1%) [33],
[20–64y]: (69%) [34],
[20–59y]: (74.6%) [35],
[50–59y]: 2/4 [15]

Seniors (elderly)
[>65y]

[60–69y]: (6.3%) [8], [60–79y]: (2.4%)
[10], ≥60y: (1%) [13], [60–69y]:
(7.8%) [14], [60–79y]: (3.3%)
[16], [60–79y]: (4.4%) [36], [60–89y]:
(15.5%) [31], ≥60y: (0.8%) [38], ≥65y:
(0.1%) [23], ≥60y: (1.8%) [33],
(1%) [26], ≥60y: (1.5%) [35], ≥51y:
(5.1%) [21]

≥60y: (5.9%) [15],
≥65y: (5.1%) [2]

[60–99y]: (8.3%)
[27], (3.1%) [7]

[60–99y]: (20.7%) [27],
[60–89y]: (4.2%) [31],
≥60y: (12.4%) [39],
≥60y: (5.9%) [33],
(8%) [34], ≥60y:
(5.7%) [35]

Sex

Males (62.5%) [8], (51%) [9], (53%) [10],
(49%) [11], (54.8%) [12], (54%) [13],
(54.5%) [16], (51.2%) [28], (51%)
[21], (52.5%) [36], (46.6%) [31],
(51%) [23], (17.4%) [24], (46.8%)
[20], (75.3%) [26]

(48.3%) [15], (51%) [2],
(48.9%) [4], (50%) [32],
(46.9%) [37], (20.5%) [17],
(60.3%) [29]

(73.3%) [7], (32.7%)
[27], (53.8%) [18]

1/4 [15], (50%) [4],
(27.6%) [27], (50%)
[31], 5/7 [32], 1/5 [18],
3/7 [17], (49.2%) [35]

Seasonal (2008–2009)
influenza
vaccination

(9.6%) [9], (10.2%) [12], (15.3%)
[14], (56.1%) [28], (13.6%) [22],
(3.4%) [31], (50%) [24],
(66.3%) [26]

(15.8%) [21], (16.7%) [32],
(51.2%) [37]

(6%) [27] NR

Previously healthy (75%) [8], (96.7%) [13],
(15.5%) [31]

(50.6%) [15], (27.2%) [2],
(31.9%) [4], (59.1%) [21],
(55.6%) [32], (50%) [24],
(81.6%) [37], (30.8%) [17],
(12.1%) [29]

(46.8%) [7], (1.8%) [27],
(8.3%) [29], (42.1%) [15]

(42.1%) [15], (31.6%)
[2], (24.6%) [4], (8.3%)
[31], 2/7 [32], 1/5 [18]

Pregnancy (4.5%) [11], (0.2%) [13],
34/34 [22], (16.7%) [26]

(11.3%) [15], (13.6%) [2],
(17.4%) [4], (4.5%) [21],
(41.2%) [22],
(16.1%) [17]

(18.2%) [7], (11.5%) [27],
(8.8%) [22]

(15.8%) [2], (5.1%)
[4], 1/2 [21], (2.9%)
[22], (2.2%) [33]

Obesity

BMI>30 (0.2%) [13], (36.2%) [31] (47.6%) [4], (5.7%) [29] (33.3%) [27], 1/2 [29] (39%) [4], 1/7 [36]

30<BMI<40 (22.4%) [31] (29%) [2], (33.2%) [4] (18.8%) [7], 3/7 [17] NR

BMI>40 (13.8%) [31] (2.2%) [15], (26.0%) [2],
(25%) [4]

(12.5%) [7] NR
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relevant data [8, 13]. The respective percentages were
96.7% [13] and 75% [31], respectively. Previously healthy
cases were also represented by considerably high percen-
tages ranging from 12.1 to 81.6% in nine studies that
reported relevant data for hospitalized cases [2, 4, 15, 17,
21, 24, 29, 32, 37]. Previously healthy cases were
represented by percentages of up to 46.8% among ICU
cases [7, 27, 29] and up to 42.1% among fatal cases [2, 4,
15, 31, 32]. Common types of comorbidity, such as
respiratory diseases, including asthma and chronic obstruc-
tive pulmonary disease, cardiovascular disease, chronic
neurological disease, and diabetes mellitus, were reported
among the cases involved in the included studies. Specific
data are presented in Table 4.

Pregnancy

Two of the studies included in our review involved
exclusively pregnant cases with H1N1 infection [22, 25].
Specifically, 34 pregnant women (31 with laboratory-
confirmed infection and three with probable infection) were
included in the one study [22]. Fourteen (41.2%) of these
34 pregnant cases were hospitalized, 3 (8.8%) were
included in the ICU, and 1 (2.9%) died [22]. The other
study recorded seven hospitalized pregnant cases [25].
Regarding the remaining studies, pregnant women consti-
tuted 0.2 to 16.7% among the evaluated cases in three
studies [11, 13, 26]. Pregnant women constituted 4.5 to
17.4% among the hospitalized cases in five studies that
provided relevant data [2, 4, 15, 17, 21]. Among ICU cases,

pregnant women were represented by percentages of 11.5%
[27] and 18.2% [7] in two other studies that provided
relevant data. Among fatal cases, pregnant women were
represented by percentages ranging from 2.2 to 15.8% in
three studies [33].

Obesity

Obesity was recorded in 0.2 to 36.2% among the evaluated
cases in two of the included studies that provided relevant
data [13, 31] and 5.7 to 47.6% among hospitalized cases in
three studies [2, 4, 29]. Obese patients also constituted
18.8% [7] and 33.3% [27] of the evaluated ICU cases
reported in the respective two studies [7, 27]. Among fatal
cases, obese patients constituted 39% in a large study
involving a total of 1,088 patients and recorded a total of
118 deaths.

Morbidly obese patients (BMI>40) in particular, consti-
tuted 13.8% of the evaluated cases in a single study [31],
whereas their percentages ranged between 2.2 and 26.0% in
three studies that provided relevant data for hospitalized
cases [2, 4, 15]. In addition, morbidly obese patients
constituted 12.5% of the fatal cases recorded in a large
study involving a total of 32 ICU patients [7].

Comparisons between pandemic and seasonal influenza

Three of the 35 included studies provided comparative data
regarding a specific period of pandemic influenza and
previous seasonal influenza periods [18, 29, 34]. Two of

Table 4 (continued)

Epidemiological
groups

Evaluated patient population
(ILI or laboratory-confirmed cases)

Hospitalized patients ICU patients Fatal cases

[Specification in case of discrepancies]:
(percentage %) [reference]

Comorbidity

Respiratory disease

Any respiratory disease (12.5%) [8], (1.5%) [13], (6.9%) [31],
(18.1%) [26]

(13.4%) [4]c, (5.6%) [32]d,
(24.4%) [17]

(28.1%) [7], (41.1%) [27],
(7.7%) [18], 2/7 [17]

(15.8%) [2], (40.7%) [4]

Asthma (28%) [22], (3.4%) [31] (10%) [15], (28%) [2],
(23.6%) [4], (22.7%) [21],
(11.1%) [32],
(12.2%) [37], (22.4%) [29]

(15.6%) [7], (22.6%) [27],
(41.7%) [29]

NR

COPD (3.4%) [31] (17.8%) [15], (8%) [2],
(3.4%) [29]

(12.5%) [7], (9.5%) [27] NR

Cardiovascular disease (6.3%) [8], (0.5%) [13], (20.7%)
[31], (1.1%) [26]

(5%) [15], (13%) [2], (15.3%)
[4], (9.1%) [21], (6.9%) [29]

(3.1%) [7], (14.9%) [27],
2/7 [17], (8.3%) [29]

(22.9%) [4]

Diabetes mellitus (0.3%) [13], (2.9%) [22], (17.2%)
[31], (2.1%) [26]

(4.4%) [15], (15%) [2], (10.7%)
[4], (16.7%) [32]

(3.1%) [7], (20.8%) [27],
(7.7%) [18], 1/7 [17]

(16.9%) [4]

Chronic neurological disease NR (5%) [15], (21%) [2], (10.5%)
[4], (4.5%) [21], (17.2%) [29]

(3.1%) [7], (15.5%) [27],
(38.5%) [18], (16.7%) [29]

(15.3%) [4]

NR: not reported
a In cases where the denominators were <10, no percentages were displayed in this Table
b Peak incidence
c Excluding asthma
d Obstructive sleep apnea
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these three studies referred to pediatric populations with
2009 H1N1 infection [18, 29]. Specifically, one of these
two studies provided comparative data regarding 13
critically ill pediatric cases of pandemic influenza versus
58 critically ill pediatric cases with seasonal influenza
(reported during seasons 2004–2007) [18]. No substantial
differences were observed regarding sex between the
compared children. The median age of children with
pandemic influenza was 9 years compared to 2.7 years of
children with seasonal influenza [18]. Regarding the other
pediatric study that compared 58 hospitalized children with
pandemic influenza with 200 hospitalized children with
seasonal influenza (seasons 2004–2005 and 2008–2009),
the median age of children with pandemic influenza was
6.4 years compared to 3.3 years of children with seasonal
influenza [29].

According to another study that also provided com-
parative data regarding the age distribution of fatal cases
of pandemic influenza versus fatal cases of seasonal
influenza (seasons 2006–2008), the percentages of fatal
pandemic cases were lower from those of the respective fatal
seasonal cases in the age groups 0–4 years and >60 years
[34]. Additionally, another study that compared a total of
1,829 confirmed pandemic cases with cases that were found
to be negative for H1N1v reported that patients <53 years of
age had an increased risk of infection from pandemic
influenza in comparison to those that were found to be
positive for seasonal H1N1 and H3N2 influenza strains
[30].

Discussion

The evaluation of contemporary published evidence re-
garding the experience of countries of the Northern
Hemisphere with 2009 pandemic (H1N1) influenza sug-
gests that pandemic influenza is an infection with a
considerable hospitalization, ICU admission, and mortality
rate. Specifically, a considerably higher fatality rate was
observed in more severely afflicted cases. Young and
middle-aged adults constituted the majority of the evaluated
cases, followed by older children and adolescents. Yet,
considerable percentages of elderly patients were reported
among more severely afflicted cases. Men constituted the
majority in only three of the evaluated studies involving
cases with different disease severity. Despite the fact that
considerable percentages of patients without any underlying
conditions were observed among the total of the cases
involved in the herein reviewed studies, as well as among
hospitalized, critically ill, and fatal cases, pregnancy and
obesity appear to represent particular risk factors for
pandemic (H1N1) 2009 influenza infection, as well as for
severe pandemic influenza infection.

Our findings are in accordance with evidence derived
from studies focused on the experience gained during the
2009 winter season from countries of the Southern
Hemisphere. Specifically, these studies suggest that 2009
pandemic influenza occurs more frequently in younger
populations [3–5], whereas fatal outcome can occur at any
age [4]. The observed “epidemiological shift” to younger
ages appears to be contradictory to the current knowledge
regarding seasonal influenza that mostly affects younger
children and elderly frail individuals [40]. Of note, a similar
“epidemiological shift” to younger ages was observed
during previous influenza pandemics [41]. A possible
explanation may be the fact that elderly individuals that
were infected with previous influenza strains that have
antigenic similarities with 2009 H1N1v may have already
developed a substantial antibody response to this new
pandemic influenza virus. However, the considerable
percentages of elderly individuals among critically ill and
fatal cases observed in the herein reviewed studies imply
that elderly individuals do suffer severely from pandemic
influenza. This might be due to the presence of serious
comorbidity and inadequate immune response mechanisms
in elderly individuals.

Pregnant women constituted a considerable percentage
among the total of the evaluated pandemic cases reported in
the included studies, as well as among the evaluated
hospitalized, critically ill, and fatal cases. This finding is
in accordance with the findings of relevant studies from the
Southern Hemisphere. However, pregnancy has already
been regarded as a risk factor for severe influenza infection,
as well as for an adverse outcome of influenza infection,
based on the experience from seasonal influenza [42, 43]. A
possible explanation for this may be the alterations to the
immune response system, as well as psychological alter-
ations that may occur during pregnancy. Notably, a recent
review suggests there is a significant relationship between
psychosocial factors and the onset or the progression of
acute respiratory tract illness [44].

Obese and morbidly obese patients also constituted a
considerable proportion of the evaluated cases with pan-
demic influenza infection of different severity. Specifically,
obese and morbidly obese patients represented considerably
high percentages among hospitalized, critically ill, and fatal
cases. This finding, along with the evidence provided from
studies from the Southern Hemisphere [5], imply that
obesity and morbid obesity may be regarded as risk factors
of severe pandemic influenza infection. Many factors may
account for this finding. These may include the inadequate
immune response mechanisms in obese patients and the
common presence of serious comorbidity. The role of
psychological factors should not be underestimated in this
specific sub-population either. Recent reviews have also
suggested that obese and morbid obese individuals are more
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likely than people with normal body weight to develop
infections of various types of infections, as well to develop
serious complications of common infections, such as
respiratory infections [45, 46]. The fact that obese patients
may suffer more severely from pandemic influenza has
considerable implications with regard to the treatment of
these patients. Specifically, the adjustment of dosing of
anti-influenza agents, in particular, for body weight, may
prove to be a necessity, as was suggested for the treatment
with antimicrobial agents from a recent review [47].

Our study has limitations that should be taken into
consideration before extrapolation of the findings. Firstly,
considerable heterogeneity was observed among the includ-
ed studies regarding the methodology used to identify and
present the pandemic cases, the clinical settings, the period to
which the study referred, as well as the evaluated popula-
tions. This hampered our attempts to perform any statistical
analysis and, consequently, the establishment of firm con-
clusions based on a pooled evaluation of the extracted data.
Moreover, the retrospective nature of the collection and
presentation of the data regarding the pandemic cases that
was used in the majority of the included studies may also
induce a bias. However, the herein reviewed data, along with
the experience gained from countries of the Southern
Hemisphere, may aid considerably in the clarification, at
least to some extent, of some of the epidemiological features
of pandemic influenza.

In conclusion, the evaluation of the currently avail-
able published literature regarding the experience from
the Northern Hemisphere with the pandemic 2009 A
(H1N1) influenza suggests that pandemic influenza
affects younger patients compared to seasonal influenza.
Pandemic influenza also seems to be associated with
considerable morbidity in the patients that present
with serious illness, as well as in otherwise healthy
individuals. Pregnancy and obesity may also be
regarded as risk factors for both infection as well as
severe pandemic influenza infection.

Funding None.

Conflict of interest None.

References

1. Molinari NA, Ortega-Sanchez IR, Messonnier ML, Thompson
WW, Wortley PM, Weintraub E et al (2007) The annual impact of
seasonal influenza in the US: measuring disease burden and costs.
Vaccine 25(27):5086–5096

2. Jain S, Kamimoto L, Bramley AM, Schmitz AM, Benoit SR,
Louie J et al (2009) Hospitalized patients with 2009 H1N1

influenza in the United States, April–June 2009. N Engl J Med
361(20):1935–1944

3. Kelly H, Grant K (2009) Interim analysis of pandemic influenza
(H1N1) 2009 in Australia: surveillance trends, age of infection and
effectiveness of seasonal vaccination. Euro Surveill 14(31).

4. Louie JK, Acosta M, Winter K, Jean C, Gavali S, Schechter R et
al (2009) Factors associated with death or hospitalization due to
pandemic 2009 influenza A(H1N1) infection in California. JAMA
302(17):1896–1902

5. Webb SA, Pettilä V, Seppelt I, Bellomo R, Bailey M, Cooper
DJ et al (2009) Critical care services and 2009 H1N1 influenza
in Australia and New Zealand. N Engl J Med 361(20):1925–
1934

6. Thompson WW, Comanor L, Shay DK (2006) Epidemiology of
seasonal influenza: use of surveillance data and statistical
models to estimate the burden of disease. J Infect Dis 194
(Suppl 2):S82–S91

7. Rello J, Rodríguez A, Ibañez P, Socias L, Cebrian J, Marques A
(2009) Intensive care adult patients with severe respiratory failure
caused by Influenza A (H1N1)v in Spain. Crit Care 13(5):R148

8. New influenza A(H1N1) investigation teams (2009) New influ-
enza A(H1N1) virus infections in France, April–May 2009. Euro
Surveill 14(21).

9. Surveillance Group for New Influenza A(H1N1) Virus
Investigation and Control in Spain (2009) New influenza A
(H1N1) virus infections in Spain, April–May 2009. Euro
Surveill 14(19).

10. Health Protection Agency; Health Protection Scotland; National
Public Health Service for Wales; HPA Northern Ireland Swine
influenza investigation teams (2009) Epidemiology of new
influenza A (H1N1) virus infection, United Kingdom, April–June
2009. Euro Surveill 14(22).

11. Belgian working group on influenza A(H1N1)v (2009) Influenza
A(H1N1)v virus infections in Belgium, May–June 2009. Euro
Surveill 14(28).

12. Ciblak MA, Albayrak N, Odabas Y, Basak Altas A, Kanturvardar
M, Hasoksuz M et al (2009) Cases of influenza A(H1N1)v
reported in Turkey, May–July 2009. Euro Surveill 14(32).

13. Gilsdorf A, Poggensee G; Working Group Pandemic Influenza A
(H1N1)v (2009) Influenza A(H1N1)v in Germany: the first
10,000 cases. Euro Surveill 14(34).

14. Hahné S, Donker T, Meijer A, Timen A, van Steenbergen J,
Osterhaus A et al (2009) Epidemiology and control of influenza
A(H1N1)v in the Netherlands: the first 115 cases. Euro Surveill
14(27).

15. Cullen G, Martin J, O’Donnell J, Boland M, Canny M, Keane E et
al (2009) Surveillance of the first 205 confirmed hospitalised
cases of pandemic H1N1 influenza in Ireland, 28 April–3 October
2009. Euro Surveill 14(44).

16. Lytras T, Theocharopoulos G, Tsiodras S, Mentis A, Panagioto-
poulos T, Bonovas S (2009) Enhanced surveillance of influenza A
(H1N1)v in Greece during the containment phase. Euro Surveill
14(29).

17. Yeung JH, Bailey M, Perkins GD, Smith FG (2009) Presentation
and management of critically ill patients with influenza A (H1N1):
a UK perspective. Crit Care 13(6):426

18. Lister P, Reynolds F, Parslow R, Chan A, Cooper M, Plunkett A
et al (2009) Swine-origin influenza virus H1N1, seasonal
influenza virus, and critical illness in children. Lancet 374
(9690):605–607

19. Smith A, Coles S, Johnson S, Saldana L, Ihekweazu C, O’Moore
E (2009) An outbreak of influenza A(H1N1)v in a boarding
school in South East England, May–June 2009. Euro Surveill 14
(27).

20. Health Protection Agency West Midlands H1N1v Investigation
Team (2009) Preliminary descriptive epidemiology of a large

1346 Eur J Clin Microbiol Infect Dis (2010) 29:1327–1347



school outbreak of influenza A(H1N1)v in the West Midlands,
United Kingdom, May 2009. Euro Surveill 14(27).

21. Dawood FS, Jain S, Finelli L, Shaw MW, Lindstrom S, Garten RJ
et al (2009) Emergence of a novel swine-origin influenza A
(H1N1) virus in humans. N Engl J Med 360(25):2605–2615

22. Jamieson DJ, Honein MA, Rasmussen SA, Williams JL,
Swerdlow DL, Biggerstaff MS (2009) H1N1 2009 influenza
virus infection during pregnancy in the USA. Lancet 374
(9688):451–458

23. Kumar S, Chusid MJ, Willoughby RE, Havens PL, Kehl SC,
Ledeboer NA et al (2009) Introduction of a novel swine-origin
influenza A (H1N1) virus into Milwaukee, Wisconsin in 2009.
Viruses 1(1):72–83

24. Centers for Disease Control and Prevention (CDC) (2009)
Novel influenza A (H1N1) virus infections among health-care
personnel—United States, April–May 2009. MMWR Morb
Mortal Wkly Rep 58(23):641–645

25. Saleeby E, Chapman J, Morse J, Bryant A (2009) H1N1 influenza
in pregnancy: cause for concern. Obstet Gynecol 114(4):885–891

26. Crum-Cianflone NF, Blair PJ, Faix D, Arnold J, Echols S,
Sherman SS et al (2009) Clinical and epidemiologic character-
istics of an outbreak of novel H1N1 (swine origin) influenza A
virus among United States military beneficiaries. Clin Infect Dis
49(12):1801–1810

27. Kumar A, Zarychanski R, Pinto R, Cook DJ, Marshall J, Lacroix J
et al (2009) Critically ill patients with 2009 influenza A(H1N1)
infection in Canada. JAMA 302(17):1872–1879

28. Cutler J, Schleihauf E, Hatchette TF, Billard B, Watson-Creed G,
Davidson R et al (2009) Investigation of the first cases of human-
to-human infection with the new swine-origin influenza A (H1N1)
virus in Canada. CMAJ 181(3–4):159–163

29. O’Riordan S, Barton M, Yau Y, Read SE, Allen U, Tran D (2010)
Risk factors and outcomes among children admitted to hospital
with pandemic H1N1 influenza. CMAJ 182(1):39–44

30. Fisman DN, Savage R, Gubbay J, Achonu C, Akwar H, Farrell DJ
(2009) Older age and a reduced likelihood of 2009 H1N1 virus
infection. N Engl J Med 361(20):2000–2001

31. Domínguez-Cherit G, Lapinsky SE, Macias AE, Pinto R,
Espinosa-Perez L, de la Torre A et al (2009) Critically Ill
patients with 2009 influenza A(H1N1) in Mexico. JAMA 302
(17):1880–1887

32. Perez-Padilla R, de la Rosa-Zamboni D, Ponce de Leon S,
Hernandez M, Quiñones-Falconi F, Bautista E et al (2009)
Pneumonia and respiratory failure from swine-origin influenza A
(H1N1) in Mexico. N Engl J Med 361(7):680–689

33. [No authors listed] (2009) Human infection with new influenza A
(H1N1) virus: clinical observations from Mexico and other affected
countries, May 2009. Wkly Epidemiol Rec 84(21):185–189

34. Chowell G, Bertozzi SM, Colchero MA, Lopez-Gatell H,
Alpuche-Aranda C, Hernandez M et al (2009) Severe respiratory
disease concurrent with the circulation of H1N1 influenza. N Engl
J Med 361(7):674–679

35. Fajardo-Dolci GE, Hernández-Torres F, Santacruz-Varela J,
Rodríguez-Suárez J, Lamy P, Arboleya-Casanova H et al (2009)
Epidemiological profile of mortality due to human influenza A
(H1N1) in Mexico. Salud Pública Méx 51(5):361–371

36. Castro-Jiménez MA, Castillo-Pabón JO, Rey-Benito GJ, Pulido-
Domínguez PA, Barbosa-Ramírez J, Velandia-Rodriguez DA et al
(2009) Epidemiologic analysis of the laboratory-confirmed cases
of influenza A(H1N1)v in Colombia. Euro Surveill 14(30):19284

37. [No authors listed] (2009) Human infection with new influenza A
(H1N1) virus: clinical observations from a school-associated
outbreak in Kobe, Japan, May 2009. Wkly Epidemiol Rec 84
(24):237–244

38. Nishiura H, Castillo-Chavez C, Safan M, Chowell G (2009)
Transmission potential of the new influenza A(H1N1) virus and
its age-specificity in Japan. Euro Surveill 14(22).

39. Vaillant L, La Ruche G, Tarantola A, Barboza P (2009)
Epidemiology of fatal cases associated with pandemic H1N1
influenza 2009. Euro Surveill 14(33).

40. Thompson WW, Shay DK, Weintraub E, Brammer L, Cox N,
Anderson LJ et al (2003) Mortality associated with influenza and
respiratory syncytial virus in the United States. JAMA 289
(2):179–186

41. Simonsen L, Clarke MJ, Schonberger LB, Arden NH, Cox NJ,
Fukuda K (1998) Pandemic versus epidemic influenza mortality: a
pattern of changing age distribution. J Infect Dis 178(1):53–60

42. Dodds L, McNeil SA, Fell DB, Allen VM, Coombs A, Scott J et
al (2007) Impact of influenza exposure on rates of hospital
admissions and physician visits because of respiratory illness
among pregnant women. CMAJ 176(4):463–468

43. Schanzer DL, Langley JM, Tam TW (2007) Influenza-attributed
hospitalization rates among pregnant women in Canada 1994–
2000. J Obstet Gynaecol Can 29(8):622–629

44. Falagas M, Karamanidou C, Kastoris AC, Karlis G, Rafailidis PI
(2009) Psychosocial factors and susceptibility to or outcome of
acute respiratory tract infections. Int J Tuberc Lung Dis 14
(2):141–148

45. Falagas ME, Athanasoulia AP, Peppas G, Karageorgopoulos DE
(2009) Effect of body mass index on the outcome of infections: a
systematic review. Obes Rev 10(3):280–289

46. Falagas ME, Kompoti M (2006) Obesity and infection. Lancet
Infect Dis 6(7):438–446

47. Falagas ME, Karageorgopoulos DE (2010) Adjustment of dosing
of antimicrobial agents for bodyweight in adults. Lancet 375
(9710):248–251

Eur J Clin Microbiol Infect Dis (2010) 29:1327–1347 1347


	Epidemiological aspects of 2009 H1N1 influenza: the accumulating experience from the Northern Hemisphere
	Abstract
	Introduction
	Data sources
	Study selection criteria
	Data extraction
	Study characteristics
	Hospitalization, ICU admission, and fatality rate
	Epidemiological characteristics of cases
	Age and sex
	Seasonal (2008–2009) influenza vaccination
	Comorbidity
	Pregnancy
	Obesity
	Comparisons between pandemic and seasonal influenza

	Discussion
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 600
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e5c4f5e55663e793a3001901a8fc775355b5090ae4ef653d190014ee553ca901a8fc756e072797f5153d15e03300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc87a25e55986f793a3001901a904e96fb5b5090f54ef650b390014ee553ca57287db2969b7db28def4e0a767c5e03300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020d654ba740020d45cc2dc002c0020c804c7900020ba54c77c002c0020c778d130b137c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor weergave op een beeldscherm, e-mail en internet. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for on-screen display, e-mail, and the Internet.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <FEFF004a006f0062006f007000740069006f006e007300200066006f00720020004100630072006f006200610074002000440069007300740069006c006c0065007200200037000d00500072006f006400750063006500730020005000440046002000660069006c0065007300200077006800690063006800200061007200650020007500730065006400200066006f00720020006f006e006c0069006e0065002e000d0028006300290020003200300031003000200053007000720069006e006700650072002d005600650072006c0061006700200047006d006200480020>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing false
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


