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In this manuscript, we summarise the experience of
Greece during the post-pandemic influenza season
2010/11 from o4 October 2010 to 22 May 2011. The
spread of the disease and its impact were monitored
using multiple surveillance systems, such as sen-
tinel surveillance, virological surveillance and all-
cause mortality surveillance. We also focus on the
characteristics of laboratory-confirmed severe influ-
enza cases who required admission to an intensive
care unit (ICU) (n=368), and/or with a fatal outcome
(n=180). The influenza-like illness rate reported from
sentinel surveillance started rising in early January
2011 and peaked between 31 January and 6 February
2011. The total number of ICU admissions was higher
in the post-pandemic influenza season than during
the pandemic period causing a lot of pressure on ICUs.
The overall population mortality rate due to influenza
A(HiN1)2009 was higher than during the pandemic
period (15.9 vs 13.2 fatal cases per million, p=0.087).
Our data suggest that the severity of clinical illness in
the first post-pandemic influenza season was compa-
rable or even higher than during the pandemic.

Introduction

Between May 2009 and May 2010, Greece experienced
two waves of influenza A(HiN1)2009 transmission, a
small one in July—August 2009, where cases occurred
mostly in areas of the country, which were related to
popular tourist destinations, and a larger one that
took place all over the country in late autumn, peak-
ing at the end of November 2009. During the pandemic
period, there were 18,230 laboratory-confirmed cases,
294 admissions to intensive care units (ICUs) and 149
deaths associated with pandemic influenza virus, a
figure that corresponds to one of the highest mortality
rates reported in Europe [1-6].
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Given the potential for worsening in the clinical sever-
ity of influenza during the post-pandemic influenza
season, as was the case for previous influenza pan-
demics [7-9], it was critical to continue surveillance
with a focus on severe cases and their clinical charac-
teristics. The United Kingdom (UK) was the first coun-
try in Europe to report increased influenza activity as
of week 49, 2010, along with an unusual increase in
ICU admissions and in the use of extracorporeal mem-
brane oxygenation (ECMO) facilities [10-14].

During the pandemic period, an enhanced ad-hoc sur-
veillance system for severe influenza cases had been
in place in Greece [3,4]. Following events in the UK,
the same system was reactivated in December 2010.
It involved direct reporting to the Hellenic Centre for
Disease Control and Prevention (HCDCP) of all labora-
tory-confirmed influenza cases who were admitted to
an ICU, and those with a fatal outcome. In addition,
investigators made daily follow-up phone calls to the
treating physicians of all patients with laboratory-con-
firmed influenza who were hospitalised in an ICU.

In Greece, influenza is annually monitored through the
routine sentinel surveillance system, which became
operational in 1999. The sentinel surveillance system,
which covers approximately three percent of the total
Greek population in the 2010/11 influenza season, pro-
vides data representative of the national population,
and consists of three separate networks: (i) private
physicians, (ii) primary healthcare centres’ physicians,
and (iii) physicians of the Social Security Institute (IKA).
These networks are coordinated by the HCDCP. During
the post-pandemic influenza season (2010/11), a total
of 240 physicians (general practitioners, internists,
or paediatricians) participated in the sentinel surveil-
lance system. Physicians contributing to this system



reported, on a weekly basis, the number of patients
with influenza-like illness (ILI) examined, as well as
the total number of consultations. The later number
served as a denominator to derive the proportion of
ILI patients among the total number of consultations.
Based on historical data from the sentinel surveillance
system, the influenza season in Greece typically starts
in January and lasts through March or April, with a
peak in late winter (usually February).

In addition, all-cause mortality was monitored as part
of the European Mortality Monitoring (EuroMoMo)
project. The objective of this project is to develop a
Europe-wide mortality monitoring system for detecting
excess deaths related to possible public health threats
across Europe, such as influenza [15].

In Greece, influenza vaccination is offered free of
charge each year to people in high-risk groups. For the
2010/11 influenza season, the national immunisation
campaign started in October 2010 and recommended
the trivalent influenza vaccine to persons with chronic
conditions, elderly people aged over 60 years, health-
care workers and caregivers. Unfortunately, a low rate
of vaccine uptake was achieved. A telephone survey

FIGURE 1

estimated that, when the influenza epidemic peaked in
the community in early February 2011, the vaccination
coverage among the general population stood at just

5.9 percent [16].

This report summarises data from influenza surveil-
lance in Greece during the post-pandemic 2010/11
influenza season. We focus on the characteristics of
laboratory-confirmed cases who required admission
to an ICU, and of those with a fatal outcome, reported

until 22 May 2011.

Methods

Patients, whose data were recorded, were all labora-
tory-confirmed influenza cases (as determined by real-
time RT-PCR) who were admitted to an ICU, as well as

those with a fatal outcome.

The data collected for each case, using a standardised
form, were: demographic characteristics (age, sex),
dates of admission to the hospital and the ICU, the time
course of illness including the date of symptom onset,
underlying conditions, complications, use of mechani-
cal ventilation support (dates of intubation and extuba-

tion), and antiviral treatment.

Epidemic curves based on surveillance data from sentinel influenza-like illness consultation rates, intensive care unit
admissions (n=368), and fatal cases (n=180), Greece, 04 October 2010-22 May 2011
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According to the HCDCP’s guidelines, physicians
needed to maintain a high level of clinical suspicion
for influenza and had to consider influenza in the dif-
ferential diagnosis of cases admitted to an ICU with
severe respiratory disease, such as respiratory failure,
chronic obstructive pulmonary disease (COPD) exacer-
bation, or acute respiratory distress syndrome (ARDS).
In such cases, laboratory testing of nasopharyngeal
swab specimens was strongly recommended.

Fatal cases were defined as those associated with influ-
enza infection, provided that the infection was labora-
tory-confirmed either before or after death. A definitive
causal relationship between influenza infection and
death was not routinely sought and/or established.

Age-specific mortality rates were calculated using the
estimated age-specific population of Greece for 2010
[17].

As part of virological surveillance, nasopharyngeal
swab specimens were sent for testing by sentinel and
hospital physicians to one of the two national refer-
ence laboratories.

The statistical analysis was carried out using the GNU
R software [18].

Results

Epidemic curve and surveillance results

Figure 1 presents the surveillance results and epidemic
curve during the 2010/11 influenza season, based on
surveillance data on (i) sentinel ILI, (ii) ICU admissions,
and (iii) fatal cases. The sentinel ILI rate followed a
typical seasonal pattern with a peak in the fifth week
of 2011. The number of ICU admissions and the number
of fatal cases followed similar patterns, peaking in the
sixth and seventh week of 2011, respectively.

The results of the comparison of the age distribution of
the sentinel ILI cases, between the pandemic and the
post-pandemic season, were suggestive of a shift to
older ages (median age 13 years, range: o to 98 years
Vs 17 years, range: o to 96 years, p<0.001; Figure 2a).

Virological surveillance

The results of virological surveillance are summarised
in Table 1. In the period between week 40 2010 and
week 20 2011, 13,279 specimens were tested. Of all
strains detected, from both sentinel and non-sentinel
specimens, 98.2% were influenza A and 1.8% influenza
B viruses. Of all influenza A strains subtyped, 25 (0.5%)
were A(H3N2) while 5,281 (99.5%) were A(H1iN1)2009,
indicating that the pandemic influenza A(H1N1)2009
was by far the predominant strain.

Surveillance of intensive care unit

admissions and fatal cases

Between 8 January 2011 (when the first case was
reported) and 22 May 2011, a total of 368 laboratory-
confirmed influenza A(H1N1)2009 cases admitted to an
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ICU were reported to the HCDCP. Of these cases, 220
survived, 144 died, and four were still hospitalised,
at the time when data were extracted for analysis (22
May 2011). The ICU-related case fatality rate was 39%.
Another 36 deaths occurred in patients hospitalised in
regular wards. All 180 fatal cases were included in the
current analysis. On a general population basis, this
corresponds to 15.9 (95% Cl: 13.7 to 18.4) fatal cases
per million.

All laboratory-confirmed cases with a fatal outcome
(n=180), were positive for influenza A(HiN1)2009. At
the peak of the outbreak, 155 patients were hospital-
ised at the same time in an ICU.

FIGURE 2

Age distribution of sentinel influenza-like illness cases
(n=19,120), intensive care admissions (n=662), and fatal
cases (n=329), influenza seasons 2009/10 and 2010/11,
Greece
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Demographic characteristics

Data on age and sex were available for all cases. The
median age of the 368 cases admitted to an ICU was
52 years (range: 3 months to 86 years). Twenty patients
(5%) were children aged 18 years or under, and 77
patients (21%) were aged 65 years or older.

The median age of the 180 fatal cases was 56.5 years
(range: 2.5 to 96 years). Four of these (2%) were chil-
dren aged 18 years or under. The majority of cases
with a fatal outcome (80%) had been treated in an ICU.
Fatal cases treated in an ICU tended to be younger
than those treated in the regular wards (median age 56
years, range: 2.5 to 86 years vs 64 years, range: 39 to
96 years, p<0.001).

The age group with the highest mortality rate were
adults aged between 45 and 64 years, with a popu-
lation mortality rate of 30.3 persons (95% Cl: 24.3 to
37.3) per million people of the respective age group,
followed by the age group of over 65 years with 25.7
persons (95% Cl: 19.3 to 33.4) per million.

The results of the comparison of the age distribution
of the ICU admitted cases, as well as the fatal cases,
between the pandemic period and the post-pandemic
influenza season, were suggestive of a shift toward
older age groups (p<o.0o1 and p=0.063, respectively;
Figures 2b & 2¢).

TABLE 1

Of the total 368 cases admitted to an ICU, 207 (56%)
were male and 161 (44%) were female. Among cases
with a fatal outcome, 106 (59%) were male and 74
(41%) were female. Being male was significantly asso-
ciated with either admission to an ICU (p=0.010), or
death (p=o0.012).

Course of disease and antiviral treatment

The time course of illness and antiviral treatment are
described in Table 2. Seventeen cases developed
influenza-like symptoms while already hospitalised in
the ICU for another illness/condition. Three of the 36
fatal cases developed influenza-like symptoms while
hospitalised in regular wards. Overall, 357 of the 366
cases with available information (98%) received antivi-
ral treatment. Of 270 for which data was available, 68
(25%) received treatment within 48 hours of symptom
onset. The median time from symptom onset to treat-
ment was four days, both for cases admitted to an ICU
and for cases with a fatal outcome.

Of the 368 patients admitted to an ICU, 306 (83%)
required mechanical ventilation support for a median
of 12 days (range: o to 76).

Underlying conditions and complications

Patients admitted to an ICU had a median of one under-
lying condition (118 had no underlying condition, 158
had one, 72 had two, 17 had three, two had four and

Results of virological surveillance for influenza, Greece, 04 October 2010-22 May 2011

Number of specimens (%)

Specimens positive for influenza

5,403 (40.7%)*

Specimens positive for influenza type A

5,306 (98.2%)"

Specimens positive for A(H1N1) - non pandemic

0 (0.0%)¢

Specimens positive for A(H3N2)

25 (0.5%)°

Specimens positive for A(HiN1)2009

5,281 (99.5%)"

Specimens positive for influenza type B

97 (1.8%)°

Specimens negative for influenza

7,876(59.3%)*

Total number of specimens tested

13,279 (100.0%)?

2 Percentage is calculated using total number of specimens tested as denominator.
® Percentage is calculated using number of specimens positive for influenza as denominator.
¢ Percentage is calculated using number of specimens positive for influenza type A as denominator.

TABLE 2

Time course of care-measures for patients with influenza, Greece, 04 October 2010-22 May 2011

Intensive care unit admissions Fatal cases
Median number of days (IQR)
Symptom onset to hospital admission 3 (1-5) 2 (0-5)
Hospitalisation to intensive care unit admission 1(0-2) 1(0-4)
Duration of stay in intensive care unit 13 (6-24) 12 (6-24)
Duration of mechanical ventilation 12 (6-21) 11 (5-21)
Symptom onset to start of antiviral treatment 4 (2-7) 4 (2-7)
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one had five). Underlying disease was equally distrib-
uted between the sexes; higher rates were observed in
older age groups such as the group aged 60 years and
older (p¢o.001) (Figure 3).

Fatal cases had also a median of one underlying condi-
tion. Two of four children with a fatal outcome had no
documented underlying condition, while the majority
of cases over the age of 60 years (69 of 74, 93%) had at
least one underlying condition. The number of underly-
ing conditions in influenza patients admitted to ICUs or
influenza fatal cases, stratified by age group, is shown
in Figure 3.

Metabolic disease (including diabetes) and chronic
respiratory disease were the most commonly reported
long-term underlying conditions among patients

FIGURE 3

Number of underlying conditions in influenza patients
admitted to intensive care units (n=368) or influenza fatal
cases (n=180), stratified by age group, Greece, 04 October
2010-22 May 2011
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TABLE 3

admitted to an ICU, while immunosuppresion and
chronic cardiovascular disease were the most com-
monly reported comorbidities among fatal cases (Table

3).

In children (<18 years), the most commonly reported
comorbidity was neurological disease (nine of 20 for
children admitted to an ICU and two of four for children
with a fatal outcome).

Nine pregnant women required admission to an ICU for
influenza. They all had no other risk factors. No death
occurred in this group.

Morbid obesity was present in 30 of 358 cases (8%)
admitted to an ICU and 18 cases of 173 (10%) with a
fatal outcome.

The most commonly reported severe complication of
influenza was pneumonia (265 cases, »90% viral) fol-
lowed by the development of ARDS (250 cases).

Discussion

The burden of severe disease in the first post-pandemic
influenza season in Greece was higher than originally
expected. The sentinel ILI epidemic curve for this sea-
son started around the time that regular influenza sea-
son begins in Greece, which is two months later in the
winter than the pandemic autumn wave. The epidemic
curve for this season was similar in shape and approxi-
mately three quarters the size of that observed during
the pandemic period [3]. However, when compared
with previous influenza seasons (from 2004 onwards)
its peak was significantly higher [19]. Regarding the
time distribution of ICU admissions, it followed a curve
with a peak one week later than the peak of the senti-
nel surveillance system’s curve. This finding is consist-
ent with the fact that increased demand for hospital
care usually lags behind the ILI consultation rates by
one to two weeks. In our series, the average time from
symptom onset to ICU admission was four days.

Distribution of underlying medical conditions in influenza patients admitted to intensive care units (n=368) or influenza

fatal cases (n=180), Greece, 04 October 2010-22 May 2011

Underlying condition?

Proportion of intensive care unit admissions
n/N® (%)

Proportion of fatal cases
n/N° (%)

Chronic respiratory disease

75/348 (22%)

39/168 (23%)

Chronic cardiovascular disease

70/353 (20%)

51/171 (30%)

Chronic renal / liver disease

12/342 (4%)

10/163 (6%)

Metabolic disease

86/353 (24%)

47/171 (27%)

Immunosuppression

56/342 (16%)

54/169 (32%)

Neurological / neuromuscular disease

28/346 (8%)

19/168 (11%)

Morbid obesity (body mass index = 40)

30/358 (8%)

18/173 (10%)

Pregnancy

9/368 (2%)

0/180 (0%)

2 Cases could have more than one underlying medical condition.
® Total number of cases or patients for which data were available.
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In contrast to ILI, a much higher peak in the distribution
of both ICU admissions and fatal cases was observed
this season compared to the pandemic period 2009-
2010. Nevertheless, data from the EuroMoMo surveil-
lance system operating in Greece did not show any
excess all-cause mortality in 2011 up to the end of May
[19], as during the pandemic period.

Similar to what happened in the UK in December 2010,
during the first weeks of the 2010/11 influenza sea-
son, a paradoxically higher number of admissions to
ICUs was reported, while the ILI rate was low. Stress
on higher-level healthcare facilities when community
consultation rates are low is unusual, but this was con-
sistent with the characteristics of the pandemic influ-
enza A(HiN1)2009 strain that causes mild disease in
the majority of cases but very severe disease in a very
few [20].

The total number of ICU admissions was higher during
the post-pandemic influenza season than during the
pandemic period and there was more pressure on ICUs.
The maximum number of patients hospitalised at the
same time in an ICU (155 in the post-pandemic influenza
season 2010/11 vs 70 during the pandemic period) cor-
responds to an approximate 24% coverage of the total
ICU bed capacity in the country. However, it is difficult
to compare with previous influenza seasons, due to
the lack of surveillance for severe influenza cases dur-
ing these seasons. There was no significant difference
in the ICU related case-fatality rates between the two
seasons (43% for the pandemic 2009-2010 period vs
39% for the post-pandemic 2010/11 season).

The median age of cases admitted to an ICU was sig-
nificantly higher than during the pandemic period. This
shift to older ages may offer at least a partial expla-
nation for the higher number of fatal cases during this
influenza season, since older age has been found to be
independently associated with a worse outcome [21].

The most common comorbidities were metabolic and
chronic respiratory disease for cases admitted to an
ICU, while cardiovascular disease and immunosuppres-
sion were most frequently reported among fatal cases.
These findings are consistent with published reports
from other countries [22,23].

Another noteworthy finding is the presence of neurode-
velopmental disease in the paediatric ICU patients.
This is in line with data from the pandemic period in
Greece, when a large proportion of children and teen-
agers with a fatal outcome suffered neurological disor-
ders [3]. The findings of a United States (US) study also
identify pre-existing neurodevelopmental disorders, as
one of the most noticeable risk factors among children
who died from pandemic influenza [24].

The delay in initiation of antiviral treatment may be
attributed to the fact that patients generally do not
seek medical care immediately (median time from

onset of symptoms to hospital admission was three
days). Data regarding the time course of antiviral treat-
ment are comparable with those reported in a number
from other studies [25-27].

Furthermore, the prevalence of morbid obesity both
in ICU admitted cases (8%) and in fatal cases (10%) is
much higher than the estimate for the adult population
of Greece (<1%) [28]. This finding is in agreement with
data from other studies [25,29-31], which identify mor-
bid obesity as an independent risk factor for severity of
disease associated with the A(H1N1)2009 strain.

The population cumulative mortality in the elderly (=65
years) was lower than in adults aged 45 to 64 years.
Though not statistically significant, this could be the
result of lower susceptibility of the oldest group to
infection according to serology data for pre-existing
immunity from other countries [32].

In conclusion, this report summarises the experience
of Greece, during the first post-pandemic influenza
season. In contrast to what was observed in countries
of the southern hemisphere during this season [33],
our data suggest that the severity of clinical illness
—as measured by the number of patients admitted to
the ICUs, the overall population mortality rate, and
the impact on the healthcare system— was comparable
or even higher in the first post-pandemic than in the
pandemic influenza season. Though there are inher-
ent difficulties in comparing the experiences in diverse
countries with varying surveillance systems, shar-
ing data is strongly recommended in order to achieve
an improved understanding and capture the range
of potential outcomes due to laboratory-confirmed
influenza [34]. However, the objectives of severe-end
influenza surveillance need to be harmonised across
European countries in order to obtain comparable data
and facilitate a better design of timely interventions in
case of more virulent strains.
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