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Abstract Preliminary data regarding the experience of
countries of the Northern Hemisphere with pandemic
2009 A(HIN1) 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

M. E. Falagas (P<)) - N. V. Cholevas - A. M. Kapaskelis -
E. K. Vouloumanou * A. Michalopoulos - P. I. Rafailidis
Alfa Institute of Biomedical Sciences (AIBS),

9 Neapoleos Street, Marousi,

151 23 Athens, Greece

e-mail: m.falagas@aibs.gr

M. E. Falagas + A. M. Kapaskelis - P. I. Rafailidis
Department of Medicine, Henry Dunant Hospital,
Athens, Greece

M. E. Falagas
Department of Medicine, Tufts University School of Medicine,
Boston, MA, USA

A. Michalopoulos
Intensive Care Unit, Henry Dunant Hospital,
Athens, Greece

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(HINI1)
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 HINI1 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
HIN1) 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 HINI 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
(HINT) 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],
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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 HINI
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 HINI 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
é @ oe E In Table 4, we present the percentage of specific epidemi-
§§§ g § ; ological groups (defined with regard to age, sex, or the
= g 25 ;% presence of risk factors or comorbid conditions) among the
= <d 12z patients involved in the respective included studies (strat-
3 SE2STRR ified with regard to the type of diagnosis, level of health-
8 SEESES care they received, and outcome).
E T8szzs
Age and sex
E Among the evaluated cases of 2009 HIN1 influenza, young
g - and middle-aged adults constituted the majority of the
= z % reported cases; the percentages ranged between 13.2 and
= 83.7% among studies with available relevant data. Older
g children and adolescents followed, with percentages rang-
’;2 é ing between 6.3 and 79.5%, and young children with
< £ percentages ranging from 2.3 to 62.9%. This observation
e S g was consistent regarding the evaluated hospitalized cases.
g g ) Specific data are presented in Table 4. In two studies with
_"5;) % gﬂ available relevant data, the highest rate of admission into
% ; 5 the ICU was observed for young and middle-aged adults
g s = 2 (50% [7] and 58.8% [27], respectively), whereas the lowest
?:f _E rate was observed for senior patients (3.1% [7] and 8.3%
% ‘é; [27], respectively). Among fatal cases, young and middle-
;3 § aged adults constituted the majority, with percentages
§ 5 ranging from 65.5 to 91.7%, according to the data provided
3 from six of the included studies [27, 31, 33-35, 39]. Yet,
;D 2 ;“ substantial percentages ranging from 4.2 to 20.7% were
3 £ 209 observed for seniors [27, 31, 33-35, 39].
2 E s 2 Considerable differences were not observed between the
is p £ '_5 e male and female sex among the evaluated, hospitalized,
;‘; % g ICU, and fatal cases. Specific data are presented in Table 4.
§ g‘ g Yet, men constituted the majority in three studies reporting
3 g g 3 ; data for 97 laboratory-confirmed cases [26], 58 hospitalized
2 § ; 2z cases [29], and 32 ICU cases [7]. The respective percen-
. g % B ﬁ tages were 75.3% [26], 60.3% [29], and 73.3% [7].
” T éu ;:é Seasonal (2008-2009) influenza vaccination
5 % g 3z s 2 Z The percentage of patients vaccinated for seasonal (2008—2009)
§~§, 253 % o a2 % i B influenza ranged between 3.4 and 66.3% among the evaluated
?g" < ,<§ % £ i g 2 % % cases in eight studies that provided relevant data [9, 12, 14, 22,
;% 2 Dm g % é g:‘: g =53 24, 26, 28, 31]. The respective percentage of hospitalized
525 Té ESSZE 2 gz E cases ranged between 15.8 and 51.2% in three studies
CEs SHE=E< |8 E g g providing relevant data [21, 32, 37], whereas a single study
= % g3 8 reported a rather low percentage of 6% among ICU cases [27].
§ ¥ g P - No relevant data were available regarding fatal cases.
8 5 & ;‘j? g < _§ g Comorbidity
o | 2o 2 8%
= g :E é; % s 8 s é Cases without any comorbidity constituted the majority of
e |2 e <ZC e the evaluated cases in 2 of the 3 studies that provided
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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 Hemisphere®

Epidemiological Evaluated patient population Hospitalized patients ICU patients Fatal cases
groups (ILI or laboratory-confirmed cases)

[Specification in case of discrepancies]:

(percentage %) [reference]
Age

Young children [0-9y]

Older children and
adolescents [10-19y]

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

Seniors (elderly)
[>65y]

Sex
Males

Seasonal (2008-2009)
influenza
vaccination

Previously healthy

Pregnancy

Obesity
BMI>30
30<BMI<40
BMI>40

(6.3%) [81, (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]

(12.5%) [81, (33.7%) [10], (14%) [11],
[10-18y]: (16.4%) [12], [10-29y]:
(77%) [131, (13%) [14], (39.9%)

[16], [10-18y]: (39.8%) [21],

<18y: (14.7%) [22], (21.3%) [36],
(6.9%) [311, (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]

[20-59y1: (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%)

[311, [20-59y]: (15.5%) [38],
[19-64y]: (13.2%) [23], [20-49y]:
(90%) [24], [20-59y]: (44.3%) [33],
[25-44y]: ~28% [34]%, [18-49y]:
(71.1%) [26], [20-59y]: (36%) [35]
[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%) [261, 260y: (1.5%) [35], >51y:
(5.1%) [21]

(62.5%) [8], (51%) [91, (53%) [10],
(49%) [111, (54.8%) [12], (54%) [13],
(54.5%) [16], (51.2%) [28], (51%)
[211, (52.5%) [36], (46.6%) [31],
(51%) [231, (17.4%) [24], (46.8%)
[201, (75.3%) [26]

(9.6%) [9], (10.2%) [12], (15.3%)
[14], (56.1%) [281, (13.6%) [22],
(3.4%) [311, (50%) [24],

(66.3%) [26]

(75%) [8], (96.7%) [13],

(15.5%) [31]

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

(0.2%) [13], (36.2%) [31]
(22.4%) [31]
(13.8%) [31]

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

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

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

>60y: (5.9%) [15],
>65y: (5.1%) [2]

(48.3%) [151, (51%) [2],
(48.9%) [4], (50%) [32],
(46.9%) [371, (20.5%) [17],
(60.3%) [29]

(15.8%) [211, (16.7%) [32],
(51.2%) [37]

(50.6%) [151, (27.2%) [2],
(31.9%) [4], (59.1%) [21],
(55.6%) [32], (50%) [24],
(81.6%) [37], (30.8%) [17],
(12.1%) [29]

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

(16.1%) [17]

I8
I8

(47.6%) [4], (5.7%) [29]
(29%) [2], (33.2%) [4]

(2.2%) [15], (26.0%) [2],
(25%) [4]

(20.2%) [27]

(12.5%) [27]

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

[60-99y]: (8.3%)
[271, (3.1%) [7]

(73.3%) [71, (32.7%)
[27], (53.8%) [18]

(6%) [27]

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

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

(33.3%) [27], 172 [29]
(18.8%) [71, 3/7 [17]
(12.5%) [7]

(10.3%) [27], (11.3%)

[391, [0-10y]: 1/7 [32],
(8.1%) [33], (10%) [34],
(15.6%) [35], [0-17y]:
(6.8%) [4]

(3.4%) [27], (4.2%) [31],

(10%) [39], [11-15y]:
1/7 [32], (5.4%) [33],
(13%) [34], (4.1%) [35],
2/4 [15]

[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]

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

1/4 [15], (50%) [4],
(27.6%) [27], (50%)
[311, 5/7 [321, 1/5 [18],
3/7 [17], (49.2%) [35]

NR

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

(15.8%) [2], (5.1%)
[41, 172 [21], (2.9%)
[22], (2.2%) [33]

(39%) [4], 1/7 [36]
NR
NR
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Table 4 (continued)

Epidemiological Evaluated patient population Hospitalized patients ICU patients Fatal cases
groups (ILI or laboratory-confirmed 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]

Asthma (28%) [22], (3.4%) [31]

(13.4%) [4%, (5.6%) [321%,
(24.4%) [17]

(10%) [15], (28%) [2],
(23.6%) [41, (22.7%) [211,

(28.1%) [71, (41.1%) [27],
(7.7%) [181, 2/7 [17]
(15.6%) [7], (22.6%) [27], NR
(41.7%) [29]

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

(11.1%) [321,
(12.2%) [37], (22.4%) [29]

COPD (3.4%) [31]

(17.8%) [15], (8%) [2],

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

(3.4%) [29]

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

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

Chronic neurological disease NR

Diabetes mellitus

(5%) [151, (13%) [21, (15.3%)
[41, (9.1%) [21], (6.9%) [29]
(4.4%) [15], (15%) [2], (10.7%)  (3.1%) [7], (20.8%) [27],
[41, (16.7%) [32]

(5%) [15], (21%) [2], (10.5%)
[4], (4.5%) [21], (17.2%) [29]

(3.1%) [7], (14.9%) [27],
2/7 [171, (8.3%) [29]

(22.9%) [4]

(16.9%) [4]
(7.7%) [181, 1/7 [17]
(.1%) [71, (15.5%) [27],
(38.5%) [18], (16.7%) [29]

(15.3%) [4]

NR: not reported

#In cases where the denominators were <10, no percentages were displayed in this Table

® peak incidence
¢ Excluding asthma

9 Obstructive sleep apnea

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 HIN1 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,

@ Springer

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
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these three studies referred to pediatric populations with
2009 HINI 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 HIN1v 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 HIN1 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 (HIN1) 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 (HIN1) 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 HIN1v 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
(HIN1) 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.
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