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Abstract

Background: To improve national influenza vaccination recommendations, additional data on influenza A and B
virus circulation are needed. Here, we describe the circulation of influenza A and B in the Czech Republic during 16
seasons.

Methods: This was a retrospective analysis of data collected from the 2000–2001 to 2015–2016 influenza seasons
by the Czech Republic national influenza surveillance network. Influenza was confirmed and viral isolates subtyped
by virological assays followed by antigen detection or by reverse transcriptase-polymerase chain reaction.

Results: Of 16,940 samples collected, 5144 (30.4%) were influenza-positive. Influenza A represented 78.6% of
positive cases overall and accounted for more than 55.0% of all influenza cases in every season, except for
2005–2006 (6.0%). Both A/H1N1 and A/H3N2 were detected in most seasons, except for 2001–2002 and 2003–2004
(only A/H3N2), and 2007–2008 and 2009–2010 (only A/H1N1). Influenza B represented 21.4% of positive cases
overall (range, 0.0–94.0% per season). Both influenza B lineages were detected in three seasons, a single B lineage
in 11, and no B strain in two. For the 11 seasons where influenza B accounted for ≥20% of positive cases, the
dominant lineage was Yamagata in six and Victoria in four. In the remaining season, the two lineages co-circulated.
For two seasons (2005–2006 and 2007–2008), the B lineage in the trivalent influenza vaccine did not match the
dominant circulating B lineage.

Conclusions: In the Czech Republic, during the 2000–2001 to 2015–2016 influenza seasons, influenza virus
circulation varied considerably. Although influenza A accounted for the most cases in almost all seasons, influenza B
made a substantial, sometimes dominant, contribution to influenza disease.

Keywords: Czech Republic, Epidemiology, Influenza A, Influenza B, Influenza surveillance, Lineage

Background
Consistent with European Union Council recommenda-
tions [1], most European member states have national pol-
icies recommending seasonal influenza vaccination for all
people at risk of influenza complications. In the Czech
Republic, recommendations for seasonal influenza vaccin-
ation have been available since 2011 [2]. Reflecting the rec-
ommendations of the World Health Organization (WHO),

targeted groups include individuals with chronic illnesses
and their caregivers, pregnant women, healthcare workers,
and adults aged 65 years and older [3].
Despite these recommendations, influenza vaccination

coverage in the Czech Republic is substantially below
the WHO, European, and Czech targets of 75% for older
adults and individuals with chronic illnesses [1, 2, 4]. Al-
though vaccination coverage is not routinely measured
in the Czech Republic [5], recent analyses have reported a
vaccination coverage rate of ~ 25% for older adults and per-
sons with underlying comorbidities in the Czech Republic
[6], and moreover, that vaccination coverage could be
decreasing [7].
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Most influenza vaccines in the Czech Republic are tri-
valent, containing two strains of influenza A (H1N1 and
H3N2) and a single B strain lineage [8]. However, since
the early 2000s, two genetically distinct lineages of influ-
enza B virus, Yamagata and Victoria, have co-circulated
worldwide, which can result in mismatches between the
vaccine and the predominant circulating B strain [8].
Quadrivalent influenza vaccines including both B strain
lineages have been developed to prevent these B lineage
mismatches [8–11], and have been available in the Czech
Republic since the 2017–2018 influenza season.
To control influenza spread and encourage seasonal

influenza vaccination, national epidemiologic data are
needed to help develop policies. Since the 1980s, the
Czech Republic has had a relatively stable population of
approximately 10.5 million [12]. Surveillance data from the
Czech Republic collected between 1999 and 2013 indicated
that influenza was responsible for approximately 1408
deaths each year, 1.31% of all-cause mortality, and 1.86% of
circulatory disease-related mortality [13]. Limited data are
available on the burden of influenza in elderly adults in the
Czech Republic [14], but data have not been published on
the burden overall or on the distribution of influenza A
and B strains. Here, we describe the results of a retrospect-
ive analysis of influenza A and B virus circulation in the
Czech Republic from 2000–2001 to 2015–2016.

Methods
Study design
This was a retrospective analysis of data collected by the
national influenza surveillance network of the Czech
Republic. The primary objective was to describe circu-
lation of influenza A and B viruses during the 16 con-
secutive seasons from 2000–2001 to 2015–2016. Ethical
approval was not required for this study.

Surveillance of acute respiratory infection (ARI)
In the Czech Republic, data on influenza and other ARIs
have been collected weekly throughout the year since
1968. The data are collected by more than 2000 general
practitioners and more than 1000 pediatricians as part of
a sentinel system that covers all 14 regions and approxi-
mately 50% of the population in the Czech Republic [15].
Until 2003, data were collected from individuals meeting
the WHO case definition of ARI [16]. Starting in 2004,
data were also included from individuals meeting the
European Centre for Disease Control and Prevention case
definition of influenza-like illness (ILI) [17]. Additionally,
the Ministry of Health of the Czech Republic manages a
surveillance system in which sentinel physicians in each of
the 14 regions (usually two physicians per region) collect
swabs from their ILI/ARI patients between week 40 of
each year and week 20 of the following year.

In addition to this sentinel surveillance, since 2009,
non-sentinel data and samples have been routinely
collected from all hospitalized individuals in the Czech
Republic with severe ARI [16]. Data were categorized
by age group: 0–5 years (preschoolers), 6–14 years (age
range of compulsory education in the Czech Republic),
15–24 years (i.e., until the age when most regular students
finish their university study), 25–59 years, and ≥ 60 years
(usual retirement age in the Czech Republic).

Laboratory methods
Nasopharyngeal swabs were collected according to the
WHO Manual for the Laboratory Diagnosis and Viro-
logical Surveillance of Influenza [18] and were sent to
the Czech Republic National Reference Laboratory to
confirm influenza virus infection and identify the influ-
enza type or subtype.
For samples collected before 2009, influenza infection

was confirmed by virological assays and virus was
typed/subtyped by antigen detection. Briefly, influenza
viruses were proliferated in the allantoic sac of chicken
embryos or in Madin-Darby canine kidney cells, and anti-
gens were detected using a Directigen™ EZ Flu A + B kit
(Becton-Dickenson, San Jose, CA, USA) or a QuickVue
Influenza A + B test (Quidel, San Diego, CA, USA).
For samples collected during or after 2009, influenza

infection was confirmed and typed/subtyped by reverse
transcription-polymerase chain reaction. Briefly, nucleic
acids were extracted using MagNAPure LC kits and a Mag-
NAPure Compact instrument (Roche Molecular Systems,
Pleasanton, CA, USA) or a RTP DNA/RNA Virus Mini Kit
(Stratec Biomedical Systems, Birkenfeld, Germany). For
most samples, influenza A and B were detected using the
WHO method with primers and probes obtained from the
US Centers for Disease Control and Prevention (Atlanta,
GA, USA), an AgPath-ID One step RT PCR kit (Thermo
Fisher Scientific, Waltham, MA, USA), the MeltMan
reverse transcriptase-quantitative polymerase chain re-
action system [19], and SYTO® 82 Orange Fluorescent
Nucleic Acid Stain (Thermo Fisher Scientific). In some
cases, influenza B and B lineages were detected accord-
ing to Daum et al. (2007) [20] using primers and probes
described by Schweiger et al. [21] and Watzinger et al.
[22]. Hemagglutination inhibition assays may also have
been used to detect the B lineage. Data on specific A/H1N1
and A/H3N2 strains and drift variants were not available.

Statistical analysis
Influenza seasons were defined as week 40 of a given year
to week 20 of the following year. The peak of influenza ac-
tivity was defined as the epidemiological week with the
highest number of ARI cases during a given season. As de-
scribed previously [23], seasons were considered to have
significant circulation of influenza A or influenza B when
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either represented at least 20% of all influenza cases re-
ported. The dominant circulating viruses for each season
were defined as the A strain identified in ≥70% of
influenza A-positive samples and the B lineage identified
in ≥70% of influenza B-positive samples. A season was
considered to have a B-strain mismatch if the B lineage in
the vaccine was different from the dominant circulating
lineage. A season was considered to have a partial mis-
match when the two B lineages co-circulated in approxi-
mately equal proportions. All data were analyzed using
Excel (Microsoft, Redmond, WA). Missing data were not
replaced, and only descriptive statistics were calculated.

Results
Samples and confirmed influenza cases
During the 16 seasons from 2000–2001 to 2015–2016,
16,940 samples were collected and tested (Table 1). The
fewest samples (315) were collected in 2003–2004 and,
excluding the 2009–2010 A(H1N1) pandemic season, the
most (2425) were collected in 2012–2013. During the
2009–2010 pandemic season, 3864 samples were collected.
Of the 16,940 samples, 5144 (30.4%) tested positive for

influenza. The proportion of influenza-positive cases was
lowest (4.5%; n = 24) during the 2001–2002 season and,
excluding the 2009–2010 pandemic season, was highest

Table 1 Samples processed and positive for influenza by season

Season Sourcea Samples
processed

Influenza-positive Influenza A cases Influenza B cases

n % n %b n %b

2000–2001 Total 509 59 11.6 50 84.7 9 15.3

2001–2002 Total 536 24 4.5 19 79.2 5 20.8

2002–2003 Total 393 97 24.7 55 56.7 42 43.3

2003–2004 Total 315 41 13.0 40 97.6 1 2.4

2004–2005 Total 827 155 18.7 115 74.2 40 25.8

2005–2006 Total 731 134 18.3 8 6.0 126 94.0

2006–2007 Total 723 118 16.3 118 100.0 0 0.0

2007–2008 Total 729 197 27.0 135 68.5 62 31.5

2008–2009 Total 781 205 26.2 157 76.6 48 23.4

2009–2010 Sentinel 676 211 31.2 210 99.5 1 0.5

Non-sentinel 3188 1064 33.4 1064 100.0 0 0.0

Total 3864 1275 33.0 1274 99.9 1 0.1

2010–2011 Sentinel 535 211 39.4 140 66.4 71 33.6

Non-sentinel 590 233 39.5 205 88.0 28 12.0

Total 1125 444 39.5 345 77.7 99 22.3

2011–2012 Sentinel 578 151 26.1 117 77.5 34 22.5

Non-sentinel 365 102 27.9 84 82.4 18 17.6

Total 943 253 26.8 201 79.4 52 20.6

2012–2013 Sentinel 543 241 44.4 163 67.6 78 32.4

Non-sentinel 1882 938 49.8 737 78.6 201 21.4

Total 2425 1179 48.6 900 76.3 279 23.7

2013–2014 Sentinel 415 22 5.3 19 86.4 3 13.6

Non-sentinel 203 11 5.4 11 100.0 0 0.0

Total 618 33 5.3 30 90.9 3 9.1

2014–2015 Sentinel 471 216 45.9 126 58.3 90 41.7

Non-sentinel 651 308 47.3 213 69.2 95 30.8

Total 1122 524 46.7 339 64.7 185 35.3

2015–2016 Sentinel 492 139 28.3 70 50.4 69 49.6

Non-sentinel 807 267 33.1 188 70.4 79 29.6

Total 1299 406 31.3 258 63.5 148 36.5

All seasons Total 16,940 5144 30.4 4044 78.6 1100 21.4
aUntil 2009, sentinel and non-sentinel samples were reported together
bProportion of influenza-positive cases
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(48.6%; n = 1179) during the 2012–2013 season. During
the pandemic season, 1275 samples (33.0%) tested posi-
tive for influenza.

Temporal characteristics of ARI cases
The earliest peak of ARI cases (week 48) occurred during
the 2009–2010 pandemic season and the latest (week 11)
during the 2011–2012 season (Fig. 1). Excluding the 2009–
2010 pandemic season, ARI cases followed two main pat-
terns: a continuous low or moderate number (seen in
the 2001–2002, 2003–2004, 2005–2006, 2007–2008,
2011–2012, 2013–2014, and 2015–2016 seasons); or a
concentration of cases over 10 to 15 weeks with a
prominent peak (seen in the 2000–2001, 2002–2003,

2004–2005, 2006–2007, 2008–2009, 2010–2011, 2012–
2013, and 2014–2015 seasons). For most of the seasons,
ARI incidence decreased at week 52, coinciding with
the Czech Republic’s winter vacations.

Circulation of influenza A and B
Influenza A was responsible for 78.6% of confirmed influ-
enza cases overall, and accounted for more than 55% of all
influenza cases in every season, except for 2005–2006 when
it was identified in just 6% (8/134) of influenza-positive
samples (Table 1). Influenza B accounted for at least 20% of
all influenza cases in 11 of the 16 seasons between
2000–2001 and 2015–2016, and represented 21.4%
(1100/5144) of confirmed influenza cases overall. The

Fig. 1 Incidence of acute respiratory infection (ARI) cases in the Czech Republic by season and epidemiological week
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highest proportion of samples positive for influenza B
was during the 2005–2006 season (94%; 126/134), and
the lowest during the subsequent 2006–2007 season
(0%; 0/118) (Table 1 and Fig. 2). The proportion of in-
fluenza B was also very low during the 2003–2004 sea-
son (2.4%; 1/41) and the 2009–2010 pandemic season
(0.1%; 1/1275).
For seasons where data from sentinel and non-sentinel

sources were tabulated separately (2009–2010 to 2015–
2016), overall rates of influenza positivity were similar
(Table 1). However, the proportion of influenza A was
consistently lower for sentinel than non-sentinel samples,
whereas the proportion of influenza B was lower for
non-sentinel samples. For example, during the 2010–2011
season, influenza A accounted for 66% (140/211) of positive
samples from sentinel sources but 88% (205/233) of those
from non-sentinel sources; and influenza B accounted for
34% (71/211) of positive samples from sentinel sources but
only 12% (28/233) from non-sentinel sources.
The proportions of influenza A cases in different age

groups were similar between the 2010–2011 and 2015–
2016 seasons with most cases found in individuals aged 25
years or older (Table 2). In contrast, during the 2009–2010
pandemic season, more influenza A cases were seen in 15–
24-year-olds (23.7% vs. 3.5–10.4% seen between 2010–
2011 and 2015–2016) and fewer in adults older than 60
years (9.3% vs. 13.3–60.2%). Most influenza B cases were
found in 6–14-year-olds in 2010–2011 (41.4%; 41/99) and
2011–2012 (36.5%; 19/52) but were more represented in
the adult age groups from 2012–2013 to 2015–2016.

Circulation of influenza A/H1N1 and A/H3N2
The strain of influenza A (A/H1N1 or A/H3N2) was identi-
fied for 3246 (80.3%) of the 4044 influenza A cases (Table 3).
Overall, 2168 cases (66.8%) were caused by A/H1N1, al-
though more than one third of these (39.3%; n = 853) were
from the 2009–2010 pandemic season. Both A strains were

identified from the samples characterized in most seasons
except for 2001–2002 and 2003–2004 where only A/H3N2
was identified, and 2007–2008 and 2009–2010 where only
A/H1N1 was identified. Of the 15 seasons with significant
A virus circulation (≥ 20% of influenza cases; see Table 1),
A/H1N1 was the dominant circulating strain in six
seasons and A/H3N2 in seven. In the remaining two
seasons (2004–2005 and 2013–2014), the two A strains
co-circulated in nearly equal proportions.

Circulation of influenza B lineages and occurrence of
mismatches with the vaccine B strain
The lineage was identified for 649 (59.0%) of the 1100
influenza B cases (Table 4). Of these, B Yamagata
accounted for 341 cases (52.5%), B Victoria for 305 cases
(47.0%), and both lineages for 3 cases (0.5%). Of the 16
seasons included in this study, both B lineages were
detected in three, a single B lineage was detected in nine,
and no influenza B was detected in four. Of the 11
seasons with significant B virus circulation, the domin-
ant lineage was Yamagata in six and Victoria in four. In
the remaining season (2015–2016), the two B lineages
co-circulated in nearly equal proportions. The B strain
in the trivalent influenza vaccine did not match the
dominant circulating B strain in two of these 11 seasons
(2005–2006 and 2007–2008). The 2015–2016 vaccine
was considered to have had a partial mismatch with the
circulating B lineages because influenza viruses of both
lineages co-circulated.

Discussion
In this report, we describe the circulation of influenza vi-
ruses in the Czech Republic based on data collected from
the national influenza surveillance network from 2000–
2001 to 2015–2016. Although influenza A accounted for
most influenza cases in almost all of the seasons, they typ-
ically co-circulated with influenza B viruses. Influenza B

Fig. 2 Proportion of cases positive for influenza A and B by season
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Table 2 Samples positive for influenza in different age groups

Seasona Category Influenza A, n (%) Influenza B, n (%)

Sentinel Non-sentinel Total Sentinel Non-sentinel Total

2009–2010 Samples processed 210 1056b 1268 1 0 1

Age group, y

0–5 y 27 (12.9) 41 (3.9) 68 (5.4) 1 (100.0) 0 (0.0) 1 (100.0)

6–14 y 74 (35.2) 91 (8.6) 165 (13.0) 0 (0.0) 0 (0.0) 0 (0.0)

15–24 y 60 (28.6) 240 (22.7) 300 (23.7) 0 (0.0) 0 (0.0) 0 (0.0)

25–59 y 43 (20.5) 572 (54.1) 615 (48.5) 0 (0.0) 0 (0.0) 0 (0.0)

≥ 60 y 6 (2.9) 112 (10.6) 118 (9.3) 0 (0.0) 0 (0.0) 0 (0.0)

2010–2011 Samples processed 140 205 345 71 28 99

Age group, n (%)

0–5 y 14 (10.0) 7 (3.4) 21 (6.1) 2 (2.8) 1 (3.6) 3 (3.0)

6–14 y 44 (31.4) 3 (1.5) 47 (13.6) 37 (52.1) 4 (14.3) 41 (41.4)

15–24 y 24 (17.1) 12 (5.9) 36 (10.4) 19 (26.8) 3 (10.7) 22 (22.2)

25–59 y 50 (35.7) 115 (56.1) 165 (47.8) 10 (14.1) 10 (35.7) 20 (20.2)

≥ 60 y 8 (5.7) 68 (33.2) 76 (22.0) 3 (4.2) 10 (35.7) 13 (13.1)

2011–2012 Samples processed 117 84 201 34 18 52

Age group, n (%)

0–5 y 22 (18.8) 3 (3.6) 25 (12.4) 2 (5.9) 1 (5.6) 3 (5.8)

6–14 y 35 (29.9) 3 (3.6) 38 (18.9) 17 (50.0) 2 (11.1) 19 (36.5)

15–24 y 15 (12.8) 3 (3.6) 18 (9.0) 5 (14.7) 5 (27.8) 10 (19.2)

25–59 y 37 (31.6) 35 (41.7) 72 (35.8) 8 (23.5) 7 (38.9) 15 (28.8)

≥ 60 y 8 (6.8) 40 (47.6) 48 (23.9) 2 (5.9) 3 (16.7) 5 (9.6)

2012–2013 Samples processed 162c 737 899 77c 201 278

Age group, n (%)

0–5 y 14 (8.6) 20 (2.7) 34 (3.8) 6 (7.8) 6 (3.0) 12 (4.3)

6–14 y 35 (21.6) 8 (1.1) 43 (4.8) 36 (46.8) 10 (5.0) 46 (16.5)

15–24 y 19 (11.7) 16 (2.2) 35 (3.9) 11 (14.3) 9 (4.5) 20 (7.2)

25–59 y 73 (45.1) 371 (50.3) 444 (49.4) 18 (23.4) 93 (46.3) 111 (39.9)

≥ 60 y 21 (13.0) 322 (43.7) 343 (38.2) 6 (7.8) 83 (41.3) 89 (32.0)

2013–2014 Samples processed 19 11 30 3 0 3

Age group, n (%)

0–5 y 2 (10.5) 1 (9.1) 3 (10.0) 0 (0.0) 0 (0.0) 0 (0.0)

6–14 y 4 (21.1) 0 (0.0) 4 (13.3) 2 (66.7) 0 (0.0) 2 (66.7)

15–24 y 1 (5.3) 2 (18.2) 3 (10.0) 0 (0.0) 0 (0.0) 0 (0.0)

25–59 y 11 (57.9) 5 (45.5) 16 (53.3) 1 (33.3) 0 (0.0) 1 (33.3)

≥ 60 y 1 (5.3) 3 (27.3) 4 (13.3) 0 (0.0) 0 (0.0) 0 (0.0)

2014–2015 Samples processed 126 213 339 89c 95 184

Age group, n (%)

0–5 y 21 (16.7) 0 (0.0) 21 (6.2) 4 (4.5) 0 (0.0) 4 (2.2)

6–14 y 23 (18.3) 0 (0.0) 23 (6.8) 2 (2.2) 0 (0.0) 2 (1.1)

15–24 y 26 (20.6) 6 (2.8) 32 (9.4) 2 (2.2) 1 (1.1) 3 (1.6)

25–59 y 33 (26.2) 26 (12.2) 59 (17.4) 80 (89.9) 14 (14.7) 94 (51.1)

≥ 60 y 23 (18.2) 181 (85.0) 204 (60.2) 1 (1.1) 80 (84.2) 81 (44.0)
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represented just over one-fifth (21.4%) of all confirmed
influenza cases, although the proportion in each season
ranged from as low as 0% (2006–2007) to as high as 94%
(2005–2006). This is in line with European epidemio-
logical data collected between 2001–2002 and 2010–2011,
where influenza B represented 23% of influenza cases
overall and from 1 to 60% of the cases each year [8]. Influ-
enza B frequency is known to vary widely between seasons
in many countries worldwide [24].
The results presented here are among the first de-

scribing the circulation of influenza strains in the
Czech Republic. Some data for the Czech Republic
were recently published by the Global Influenza Hospital

Surveillance Network (GIHSN) for the 2014–2015 influ-
enza season [25]. Although the GIHSN collects data on
only severe cases, it found that influenza B accounted for
about one-third of influenza cases during 2014–2015.
In most seasons with B strain circulation, a single

lineage dominated, and generally these dominant line-
ages matched those reported during the same seasons
in several other European countries [23, 26, 27]. In all
but two of the 16 seasons (2005–2006 and 2007–
2008), the dominant circulating B lineage was the
same as the B lineage in the seasonal influenza vac-
cine. In one season (2015–2016), the two B lineages
co-circulated in nearly equal proportions, resulting in
a partial mismatch with the vaccine B lineage. Simi-
larly, data from the US and Europe show that major
mismatches occurred in 2005–2006, 2007–2008, and
2008–2009 [11, 26, 27]. Such mismatches between the
B lineage in trivalent vaccines and the dominant circu-
lating B lineage represent a missed opportunity to pro-
tect against influenza. Quadrivalent influenza vaccines
containing both B lineages have been developed to
avoid this [8–11] and are now included in WHO
guidelines [28]. These quadrivalent influenza vaccines
are expected to further reduce the burden and eco-
nomic impact of influenza beyond that provided by
trivalent vaccines [29, 30].
Analysis of influenza cases by week revealed that some

years had a clear peak of influenza cases but that others
had a more even distribution and a weaker peak. How
each influenza strain contributed to these patterns was
not analyzed, although the circulation of influenza sub-
types and lineages often changes over the course of a sin-
gle season [25, 31, 32]. This complicates predicting which
strains and B lineages will dominate each year and further
emphasizes the need for quadrivalent vaccines.
Interestingly, for seasons where data from sentinel and

non-sentinel sources were tabulated separately (2009–2010
to 2015–2016), overall rates of influenza positivity were
similar but the proportion of influenza A was consistently

Table 2 Samples positive for influenza in different age groups (Continued)

Seasona Category Influenza A, n (%) Influenza B, n (%)

Sentinel Non-sentinel Total Sentinel Non-sentinel Total

2015–2016 Samples processed 70 188 258 69 79 148

Age group, n (%)

0–5 y 12 (17.1) 2 (1.1) 14 (5.4) 8 (11.6) 0 (0.0) 8 (5.4)

6–14 y 19 (27.1) 2 (1.1) 21 (8.1) 35 (50.7) 0 (0.0) 35 (23.6)

15–24 y 5 (7.1) 4 (2.1) 9 (3.5) 17 (24.6) 5 (6.3) 22 (14.9)

25–59 y 28 (40.0) 101 (53.7) 129 (50.0) 9 (13.0) 42 (53.2) 51 (34.5)

≥ 60 y 6 (8.6) 79 (42.0) 85 (32.9) 0 (0.0) 32 (40.5) 32 (21.6)
aData per age group were not available for the seasons before 2009–2010 due to differences in data reporting systems
bExcludes 8 samples that had no age information
cExcludes 1 sample that had no age information

Table 3 A/H1N1 and A/H3N2 cases detected during each
influenza season

Season Total A
samples
characterized

A/H1N1 A/H3N2 Dominant
strainn % n %

2000–2001 48 44 91.7 4 8.3 H1N1

2001–2002 13 0 0.0 13 100.0 H3N2

2002–2003 53 5 9.4 48 90.6 H3N2

2003–2004 33 0 0.0 33 100.0 H3N2

2004–2005 76 33 43.4 43 56.6 Co-circulation

2005–2006 7 1 14.3 6 85.7 H3N2

2006–2007 109 1 0.9 108 99.1 H3N2

2007–2008 130 130 100.0 0 0.0 H1N1

2008–2009 139 6 4.3 133 95.7 H3N2

2009–2010 853 853 100.0 0 0.0 H1N1

2010–2011 233 228 97.6 5 2.2 H1N1

2011–2012 153 13 8.5 140 91.5 H3N2

2012–2013 814 573 70.4 241 29.6 H1N1

2013–2014 25 9 36.0 16 64.0 Co-circulation

2014–2015 326 50 15.3 276 84.7 H3N2

2015–2016 234 222 94.9 12 5.1 H1N1

Total 3246 2168a 66.8 1078 33.2 H1N1a

aNot adjusted for the high number of cases from the 2009–2010 pandemic
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higher for non-sentinel than sentinel samples, with the re-
verse true for influenza B. As the non-sentinel samples
were collected only from hospitalized individuals, this sug-
gests that influenza A led to severe ARI more often than
influenza B.
This report provides essential information about the

circulation of influenza viruses, but low numbers limited
the analyses that could be performed. For example, we
could not effectively stratify by risk category or influenza
severity, although the oldest and youngest individuals,
pregnant women, and individuals with chronic condi-
tions are well known to be at increased risk for severe
influenza [25, 31–33]. In addition, very few influenza
cases were detected in some seasons, increasing the un-
certainty around the circulation of individual A strains
and B lineages. For most of the seasons, ARI incidence
also decreased around the Czech winter vacation season,
which is likely due to reduced movement and mixing of
the population and perhaps also due to reduced ARI
reporting, since many healthcare personnel also take
vacation around this time. Regardless, the results high-
light the variability of influenza strain circulation and
confirm the substantial risk for mismatches between the
B lineage in trivalent vaccines and the dominant circulating
B lineage.
Another potential limitation of the current analysis was

heterogeneity in methods across seasons and between sen-
tinel and non-sentinel sources. Case ascertainment by the
surveillance system in the Czech Republic was based on

the WHO definition of ARI for 2001–2003, but start-
ing in 2004, it also included the European Centre for
Disease Control and Prevention definition of ILI. Also,
prior to 2009, influenza was confirmed by virological
tests and typed/subtyped by antigen assays, but there-
after, influenza was confirmed and typed by reverse
transcription-polymerase chain reaction. This did not
appear to have influenced the overall positivity rate,
although the frequency of influenza differed. However,
this should not affect the conclusions about B lineage
mismatches because a single B lineage strain was clearly
dominant in most seasons.

Conclusions
Surveillance data from the Czech Republic showed that
influenza virus circulation varied considerably during
the 16 seasons from 2000–2001 to 2015–2016. Influ-
enza A/H1N1 or A/H3N2 strains accounted for most
cases in almost all seasons, and were responsible for
more than three-quarters of cases overall. Influenza B
made a substantial, sometimes dominant, contribution,
yet the B-strain lineage in seasonal trivalent vaccines did
not always match the dominant circulating B-strain
lineage. The results from this study should help further in-
form influenza vaccination policy in the Czech Republic.

Abbreviations
ARI: Acute respiratory infection; GIHSN: Global Influenza Hospital Surveillance
Network; ILI: Influenza-like illness; WHO: World Health Organization

Table 4 B lineage detected during each influenza season and comparison with the B lineage recommended by the World Health
Organization for the trivalent influenza vaccine

Season Total B samples
characterized

Yamagata lineage Victoria lineage Both lineages Dominant circulating
B lineage

B lineage in the
trivalent vaccine

Mismatch

n % n % n %

2000–2001 9 9 100.0 0 0.0 0 0.0 Yamagata Yamagata No

2001–2002 5 5 100.0 0 0.0 0 0.0 Yamagata Yamagata No

2002–2003 38 0 0.0 38 100.0 0 0.0 Victoria Victoria No

2003–2004 0 – – – – – – Unknown Victoria Unknown

2004–2005 40 40 100.0 0 0.0 0 0.0 Yamagata Yamagata No

2005–2006 122 0 0.0 122 100.0 0 0.0 Victoria Yamagata Yes

2006–2007 0 – – – – – – Unknown Victoria Unknown

2007–2008 62 62 100.0 0 0.0 0 0.0 Yamagata Victoria Yes

2008–2009 12 10 83.3 2 16.7 0 0.0 Yamagata Yamagata No

2009–2010 0 – – – – – – Unknown Victoria Unknown

2010–2011 30 0 0.0 30 100.0 0 0.0 Victoria Victoria No

2011–2012 52 4 7.7 48 92.3 0 0.0 Victoria Victoria No

2012–2013 117 117 100.0 0 0.0 0 0.0 Yamagata Yamagata No

2013–2014 0 – – – – – – Unknown Yamagata No

2014–2015 40 40 100.0 0 0.0 0 0.0 Yamagata Yamagata No

2015–2016 122 54 44.3 65 53.3 3 2.5 Co-circulation Yamagata Partial

Total 649 341 52.5 305 47.0 3 0.5 – – –
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