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As illustrated in a series of publications in the cur-
rent and previous issue of Eurosurveillance [1-3], the 
ongoing influenza epidemics in Europe and North 
America are dominated by influenza A(H3N2) viruses. 
The majority of these appear to vary antigenically 
from the current northern hemisphere vaccine strain 
A/Texas/50/2012(H3N2) and more closely related to 
the vaccine strain A/Switzerland/9715293/2013(H3N2) 
recommended for the 2014/15 season of the south-
ern hemisphere. In line with the observed antigenic 
mismatch between circulating and vaccine A(H3N2) 
viruses, preliminary estimates of influenza vaccine 
effectiveness (IVE) from Canada in the general popula-
tion [3] and in hospitalised patients [4] and from the 
general population in the United Kingdom (UK) [5] com-
plement previous data for the United States (US) [6]. All 
point to an overall substantially reduced vaccine effec-
tiveness with point estimates of −8%, −16.8%, 3.4%, 
and 22%, respectively, as compared to seasons with 
a good match between circulating viruses and vac-
cine strains. This situation highlights the difficulties to 
accurately and timely anticipate antigenic changes of 
influenza viruses for inclusion of the proper antigenic 
(drift) variants in the vaccine.

Recommendations for the influenza vaccine com-
position are issued twice a year by the World Health 
Organization (WHO), in February and September, for 
the northern and southern hemisphere influenza sea-
sons, respectively [7]. Recommendations are based on 
surveillance data and analysis of the virus character-
istics provided by the National Influenza Centres from 
the WHO Global Influenza Surveillance and Response 
System (GISRS). For the four categories of seasonal 
influenza viruses, i.e. two influenza A virus subtypes 
A(H3N2) and A(H1N1)pdm09 and two influenza B line-
age, B-Yamagata and B-Victoria viruses, data taken 
into account comprise epidemiological data as well as 
virological data in order to evaluate the genetic evolu-
tion of the viruses, their antigenic characteristics and 
susceptibility to antivirals, as well as their geographi-
cal distribution and impact. These are complemented 
by serological data aimed at evaluating the ability of 

post-vaccination sera from the previous season to 
neutralise the most recently circulating viruses with 
particular focus on potential drift variants [8]. The sero-
logical study in Finland in vaccinated healthcare work-
ers by Haveri et al. in this issue points to a reduced 
cross-protection towards currently circulating drifted 
influenza A(H3N2) viruses [2].

Despite expansion of the GISRS network especially fol-
lowing the 2009 influenza A(H1N1) pandemic and con-
tinuous improved surveillance worldwide [9], predicting 
six months ahead of time which influenza variants will 
be predominating the next season remains a challenge. 
To achieve this, a better understanding of the link 
between genetic and antigenic evolution of the virus is 
required. Recent studies have provided information on 
key residues of the haemagglutinin that contribute to 
major antigenic changes for the influenza A(H3N2) and 
A(H1N1)pdm09 viruses [10,11]. Substitutions for at least 
one of these key residues (aa 159) were observed for the 
drifted A(H3N2) viruses from the current influenza sea-
son. However, in order to stay ahead of the virus, new 
means to better predict which genetic group of viruses 
will most likely become predominant are needed. This 
might be achieved through analysis of the evolutionary 
trajectories of the virus sequences taking into account 
minority variants that can be detected through Next 
Generation Sequencing. The feasibility on a large scale 
and benefits for the definition of the vaccine composi-
tion of an approach combining improved prediction of 
genetic variants likely to emerge and their impact on 
virus antigenicity, will require more research.

In spite of the challenges to define the vaccine com-
position, when excepting the 2009 pandemic, mis-
matches for viruses circulating in Europe occurred only 
once for A(H1N1) viruses and three times for A(H3N2) 
viruses in the past 12 years (Table).

In addition, for type B viruses, a mismatch occurred 
three times, in two instances related to the inclusion 
of the wrong influenza B lineage in the composition 
of the trivalent vaccine. Making global predictions for 
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influenza B viruses has proven particularly challenging 
as different influenza B lineages may predominate or 
co-circulate in different regions. Availability of tetrava-
lent vaccines containing influenza B strains from both 
the B-Yamagata and B-Victoria lineage in addition to 
the two A(H3N2) and A(H1N1)pdm09 strains provides 
a solution but will not prevent a mismatch due to the 
emergence of a drift variant. Mismatch may also be 
related to antigenic changes of the vaccine strain upon 
growth in eggs as seen for the A(H3N2) strain during 
the 2012/13 season [12].

Mismatches concerning the A(H3N2) component of the 
vaccine impacted most on public health as A(H3N2) 
viruses are known to confer more severe illness with 
potential for complications especially in the elderly, 
a population that is also one of the main targets for 
vaccination. The extent to which a mismatch results in 
reduced IVE, however, is variable [13]. Vaccine effec-
tiveness depends on the immunogenicity of the vac-
cine itself. This may vary with the type of vaccine (e.g. 
inactivated, presence of adjuvant, live attenuated), and 
for each vaccine strain. It also depends on the quality 
of the elicited immune response that is known to vary 
between individuals especially with age.

The role of pre-existing immunity that results from 
previous infection or vaccination also needs to be 
considered. In this respect, more serological data 
to inform, before the beginning of the season, about 
the antibody levels in the population against the vari-
ous influenza viruses, including potential drift vari-
ants would be desirable. Finally, IVE depends on the 
extent of the mismatch between the vaccine strain and 

the circulating virus and the predominance of the drift 
variants among circulating viruses needs to be taken 
into account. This highlights the importance of qual-
ity surveillance that integrates virological and epide-
miological data. Predicting the actual impact of a given 
mismatch on IVE is thus very challenging. It requires 
integration of virological, serological and epidemio-
logical data that are not always available and knowl-
edge for the establishment of correlations is lacking. 
For instance, the impact of repeat vaccination that has 
sometimes shown to have a negative effect on IVE as 
reported from Canada by Skowronski et al. [3] remains 
a complex and unresolved issue that requires further 
investigation [14].

In the absence of methodologies to predict the impact 
of a mismatch on IVE, real time epidemiological evalu-
ation of IVE is the preferred option in order to guide 
appropriate responses to suboptimal vaccine effective-
ness. Recent years have seen marked improvements 
in the capacity of generating early in-season epide-
miological measures of IVE, despite the many pitfalls 
attached to such studies [15,16]. The first issue relates 
to the case definition. Indeed, a clinical outcome such 
as influenza-like illness (ILI) lacks specificity and may 
lead to underestimation of IVE. Therefore, labora-
tory confirmation of ILI, as done in the Canadian and 
the UK studies published last week and in the current 
Eurosurveillance issue, is increasingly considered as 
a standard. The second issue is bias. As all obser-
vational studies, IVE studies are prone to bias. Both 
negative and positive confounding can alter the qual-
ity of IVE, requiring the documentation of a minimum 
set of variables to be included as covariates in models. 

Table
Antigenic match with vaccine strains of influenza viruses circulating in Europe from 2003/04 to 2014/15

Season
(northern 
hemisphere)

Vaccine composition (northern hemisphere) Circulating virusesa

A(H1N1) A(H3N2) Type B (lineage) A(H1N1) A(H3N2) Type B
lineage

2003/04 A/New Caledonia/20/99 A/Moscow/10/995 B/Hong Kong/330/2001 (VIC) H3N2
2004/05 A/New Caledonia/20/99 A/Fujian/411/02 B/Shanghai/361/02 (VIC) H3N2
2005/06 A/New Caledonia/20/99 A/California/7/2004 B/Shanghai/361/02 (VIC) H1N1 VIC
2006/07 A/New Caledonia/20/99 A/Wisconsin/67/2005 B/Malaysia/2506/2004 (VIC) H3N2
2007/08 A/Solomon Islands/3/2006 A/Wisconsin/67/2005 B/Malaysia/2506/2004 (VIC) H1N1 YAM
2008/09 A/Brisbane/59/2007 A/Brisbane/10/2007 B/Florida/4/2006 (YAM) H3N2 VIC
2009/10 A/Brisbane/59/2007 A/Brisbane/10/2007 B/Brisbane/60/2008 (VIC) H1N1pdm09
2010/11 A/California/7/2009 (pdm) A/Perth/16/2009 B/Brisbane/60/2008 (VIC) H1N1pdm09 VIC
2011/12 A/California/7/2009 (pdm) A/Perth/16/2009 B/Brisbane/60/2008 (VIC) H3N2
2012/13 A/California/7/2009 (pdm) A/Victoria/361/2011 B/Wisconsin/1/2010 (YAM) H1N1pdm09 H3N2b YAM
2013/14 A/California/7/2009 (pdm) A/Texas/50/2012 B/Massachusets/2/2012 (YAM) H1N1pdm09 H3N2
2014/15 A/California/7/2009 (pdm) A/Texas/50/2012 B/Massachusets/2/2012 (YAM) H3N2

pdm: pandemic; VIC: Victoria; YAM: Yamagata.
a Only viruses accounting for more than 10% of the circulating viruses are mentioned ; mismatches are highlighted in grey.
b Mismatch related to antigenic changes of the vaccine strain upon growth in eggs.
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The increasing use of the test–negative case–control 
design, whereby controls are individuals consulting 
for ILI and testing negative for influenza, allows reduc-
ing the potential bias linked to differential healthcare 
seeking behaviours according to vaccination sta-
tus. The third issue relates to the power of the stud-
ies. Even in countries with a well-established General 
Practice (GP)-based sentinel surveillance system, it is 
difficult to conduct large scale studies allowing pre-
cise early estimates, especially for subgroup analysis. 
This is especially true for measurement of IVE in elderly 
patients as such patients, although the main target of 
seasonal influenza vaccination, are difficult to recruit 
in sufficient numbers at GP offices.

The European Centre for Disease Prevention and 
Control (ECDC)-funded Influenza Monitoring Vaccine 
Effectiveness (I-MOVE) network set up in 2007, includ-
ing 22 partners from 17 European Union/European 
Economic Area (EU/EEA) countries with Epiconcept as 
the coordinating hub, has proven its ability to gener-
ate early reliable IVE estimates, taking into account 
the issues above [17]. To do so, I-Move partners have 
agreed on high quality standardised protocols allow-
ing the pooling of the data at European level. Such an 
initiative, together with similar ones from other parts 
of the world e.g. in North America , South America, 
Australia [15] paves the way for providing IVE data to 
complement virological data, as basis for the decision-
making process for the next season vaccine composi-
tion, at the WHO annual February meeting [18].

The new requirement from the European Medicines 
Agency (EMA) asking influenza vaccines market 
authorisation holders to provide annual brand-specific 
effectiveness data should bring more resources into 
the IVE studies [19]. This should result in more powered 
studies but requires, as a prerequisite, the set up of 
new mechanisms for public-private partnership in the 
sensitive area of monitoring and evaluation of immu-
nisation programmes and related vaccines, that are 
acceptable to both sides. Several initiatives, includ-
ing the Innovative Medicines Initiative (IMI) Advance 
project, are currently working on this issue [20]. More 
powered IVE studies conducted specifically in elderly 
should also be undertaken in the near future through 
the I-MOVE + project currently under preparation.

However, despite those recent or soon to be expected 
improvements, unsolved challenges persist, in case of 
a mismatch. IVE estimates cannot always be obtained 
before the start of the epidemic in countries hit first 
and breakdown by virus (sub-)type or lineage is not 
always possible in case of mixed circulation of influ-
enza viruses. Furthermore, it should be emphasised 
that extrapolation of IVE determined in a given con-
text to other regions or settings is not always possi-
ble. Indeed, as mentioned above, differences in type 
of vaccine use, target populations for vaccination, pre-
existing immunity resulting from previous circulation of 
influenza viruses, as well as the level of predominance 

of the drifted variants among circulating viruses will 
have an impact on IVE. However, the availability of 
interim assessments of IVE from other parts of the 
world and also from a European country, as presented 
in this issue for the UK, at a time where the influenza 
epidemic is still rising in most European countries, 
has proven useful in allowing national authorities, in 
line with the ECDC risk assessment, to issue recom-
mendations for both health professionals and the lay 
public [5,21]. These mainly concern the strengthening 
of infection control measures and the early use of influ-
enza antiviral medication for persons at higher risk for 
serious complications, either as post-exposure proph-
ylaxis or treatment.

Although in the case of a mismatch reduced vaccine 
effectiveness can be anticipated towards the drifted 
variant, vaccination should still be recommended also 
for the ongoing season. Indeed, it will still provide pro-
tection towards the other viruses that match the vac-
cine strain. Despite the fact that in the older and more 
vulnerable population, IVE was very low as reported 
from Canada by McNeil et al. [4] in hospitalised adults 
presenting with acute respiratory illness, overall some 
cross-protection towards the drifted variant can be 
anticipated, in the sense that even if it does not pre-
vent infection per se it could contribute to reduce dis-
ease severity leading to complications or even death 
[21,22].

Evidently, instead of a better measurement of low effec-
tiveness a better vaccine is needed. This would mean, 
a more effective vaccine for all age groups, affording 
broad cross-protection within each sub-type or lineage 
of seasonal influenza viruses, thus allowing to avoid 
the need for annual vaccination and update of the vac-
cine composition. Of course, a universal vaccine cover-
ing all influenza A virus subtypes and protecting from 
potential pandemic strains would be ideal [23].
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In 2014/15 the United Kingdom experienced circulation 
of influenza A(H3N2) with impact in the elderly. Mid-
season vaccine effectiveness (VE) shows an adjusted 
VE of 3.4% (95% CI: −44.8 to 35.5) against primary 
care consultation with laboratory-confirmed influenza 
and −2.3% (95% CI: −56.2 to 33.0) for A(H3N2). The 
low VE reflects mismatch between circulating viruses 
and the 2014/15 northern hemisphere A(H3N2) vaccine 
strain. Early use of antivirals for prophylaxis and treat-
ment of vulnerable populations remains important.

We present the 2014/15 mid-season estimates of influ-
enza vaccine effectiveness (VE) for the United Kingdom 
of England, Wales, Scotland and Northern Ireland 
(UK). This season is dominated by early circulation of 
influenza A(H3N2) virus, and an overall VE in prevent-
ing medically attended laboratory-confirmed influenza 
in primary care of only 3.4% and against A(H3N2) of 
−2.3%. This report provides clear evidence of antigenic 
and genetic mismatch between circulating A(H3N2) 
viruses and the respective 2014/15 northern hemi-
sphere vaccine strain.

Background
The UK has a long-standing selective influenza immu-
nisation programme targeted at individuals at higher 
risk of severe disease, in particular all those 65 years 
and above and under 65-year olds in a clinical risk 
group, using inactivated trivalent influenza vaccine. 
The 2014/15 season is the second year where intrana-
sally administered live attenuated influenza vaccine 
(LAIV) has been offered to pre-school age children in 
the UK with certain areas also vaccinating children of 
school-age [1]. This winter has been characterised by 

early influenza activity, with A(H3N2) virus the domi-
nant circulating sub-type. In England, by week 4 2015 
peak influenza activity levels had exceeded those 
seen in the past three seasons, but not approached 
the peak levels seen in 2010/11 and 2008/09 [2]. The 
current season has led to large numbers of care home 
outbreaks, often in highly vaccinated populations, hos-
pitalisations and significant excess all-cause mortality 
in the over 65 year-old population.

The UK has well established methods to produce mid- 
and end-of-season estimates of VE in preventing pri-
mary care consultation due to laboratory-confirmed 
influenza infection [3,4]. The key aims of the present 
study were to provide early estimates of influenza VE 
in the UK to inform influenza prevention and control 
measures both for the remainder of this season and 
the forthcoming World Health Organization (WHO) con-
vened meeting at the end of February, where vaccine 
composition is decided for the forthcoming northern 
hemisphere 2015/16 season.

Study population and period
Data were derived from five primary care influenza 
sentinel swabbing surveillance schemes from England 
(two schemes), Scotland, Wales and Northern Ireland. 
Details of the Royal College of General Practitioners 
(RCGP), Public Health England (PHE) Specialist 
Microbiology Network (SMN), Public Health Wales, 
Public Health Agency (PHA) of Northern Ireland and 
Health Protection Scotland (HPS) swabbing schemes 
have been published previously [4].
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The study period ran from 1 October 2014 to 16 January 
2015. Patients were swabbed as part of clinical care, 
with verbal consent. Cases were defined as persons 
presenting during the study period in a participat-
ing general practitioner (GP) practice with an acute 
influenza-like-illness (ILI) who were swabbed and then 
tested positive for influenza A or B viruses. An ILI case 
was defined as an individual presenting in primary 
care with an acute respiratory illness with physician-
diagnosed fever or complaint of feverishness. Controls 
were individuals presenting with ILI in the same period 
that were swabbed and tested negative for influenza.

A standardised questionnaire was completed by the 
GP responsible for the patient during the consultation. 
Demographic, clinical and epidemiological information 
was collected from cases and controls, including date 
of birth, sex, pre-defined underlying clinical risk group, 
date of onset of respiratory illness, date of specimen 
collection, and influenza vaccination status for the 
2014/15 season, with vaccination dates and route of 
administration (injection/intranasal) and whether resi-
dent in an area where a primary school vaccination pro-
gramme was in operation.

Laboratory analysis
Laboratory confirmation was undertaken using compa-
rable methods with real-time polymerase chain reac-
tion (RT-PCR) assays capable of detecting circulating 
influenza A and influenza B viruses and other respira-
tory viruses [5,6]. Samples were sent to respective 
laboratories as previously described [4]. Further strain 
characterisation was also performed; influenza viruses 
were isolated in MDCK or MDCK-SIAT1 cells from RT-PCR 
positive samples from England as previously described 
[7,8]. Influenza A(H3N2) virus isolates with a haemag-
glutination titre ≥ 40 were characterised antigenically 
using post-infection ferret antisera in haemagglutina-
tion inhibition (HI) assays, with guinea pig red blood 
cells [9]. Nucleotide sequencing of the haemaggluti-
nin (HA) gene of a subset of influenza A(H3N2) viruses 
selected to be representative of the range of patient’s 
age, date of sample collection, geographical location, 
and antigenic characterisation of the influenza A(H3N2) 
virus isolate, if performed, was undertaken (primer 
sequences available on request), and phylogenetic 
trees were constructed with a neighbour-joining algo-
rithm available in the Mega 6 software (http://www.
megasoftware.net) [10]. HA sequences from reference 
strains used in the phylogenetic analysis were obtained 
from the EpiFlu database of the Global Initiative on 
Sharing Avian Influenza Data (GISAID) (Table 1).

Statistical analysis
Persons were defined as vaccinated if the date of vacci-
nation with the 2014/15 seasonal influenza vaccine was 
14 or more days before onset of illness. Those in whom 
the period between vaccination and onset of illness 
was less than 14 days were excluded, as were those 
where date of vaccination was missing. Those with a 

missing date of onset or an onset date more than seven 
days before the swab was taken were also excluded.

VE was estimated by the test negative case con-
trol (TNCC) design. In this design, VE is calculated 
as 1-(odds ratio) obtained using multivariable logis-
tic regression models with influenza PCR results and 
seasonal vaccination status as the linear predictor. 
VE was also estimated for influenza A only and for 
A(H3N2); Influenza A(H1N1) and B numbers were too 
small to examine. In the analyses evaluating VE for a 
specific type or strain, those positive for other types 
were excluded. Age (coded into four standard age 
groups, < 18, 18–44, 45–64 and ≥ 65 years), sex, clini-
cal risk group, surveillance scheme (RCGP, SMN, HPS, 
Wales, Northern Ireland), residence in an area where 
primary school age vaccination programme operated 
and date of onset (month) were investigated as poten-
tial confounding variables. All statistical analyses were 
carried out in Stata version 13 (StataCorp, College 
Station, Texas).

Results
A total of 2,278 individuals were swabbed in primary 
care during the study period and had a laboratory 
result available. The reasons for study inclusion and 
exclusion are outlined in Figure 1. Five persons were 
excluded because the influenza virus detected in them 
was a LAIV vaccine strain based either on sequence 
analysis or inferred based on influenza co-infection.

The details of the 1,341 individuals remaining in the 
study were stratified according to the swab result 

Figure 1
Flowchart showing specimen inclusion and exclusion 
criteria, interim 2014/15 influenza vaccine effectiveness 
evaluation, United Kingdom, week 40 2014 to week 3 2015

Total number of specimens in 
original dataset  

(N=2,278) 

Samples included in 
the analysis  

N=1,341  

Cases 
N=312  

Controls 
N=1,029  

(n=101)  

(n=6)  

(n=5)  

(n=80)  

(n=107)  

(n=67)  

(n=178)  

 

Sequentially excluded samples

Date of sample prior to 1 Oct 2014 (n=101)
Influenza status unknown  (n=6)
Live attenuated influenza vaccine strain (n=5)
Vaccination status unknown (n=80)
Date of vaccination not known (n=107)
Vaccination less than 14 days from illness onset  (n=67)
Date of illness onset unknown (n=178)
Swab more than seven days after illness onset (n=393)
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Table 1
Details for influenza A and B cases and controls, United Kingdom, week 40 2014 to week 3 2015 (1,029 controls and 312 
cases)

Controls Influenza B  
cases

Influenza Aa  
cases

Influenza A(H1N1)
pdm09  
cases

Influenza A(H3N2) 
cases

P-valueb

(n = 1,029) (n = 16) (n = 296) (n = 14) (n = 271)
n (%) n (%) n (%) n (%) n (%)

Age group (years)
< 18 269(79.8) 3(0.9) 65(19.3) 2(0.6) 60(17.8)

0.40
18–44 412(76.7) 7(1.3) 118(22) 6(1.1) 106(19.7)
45–64 244(74.8) 5(1.5) 77(23.6) 6(1.8) 69(21.2)
65 + 104(74.3) 1(0.7) 35(25) 0(0) 35(25)
Missing information 0(0) 0(0) 1(100) 0(0) 1(100)
Sex
Female 592(77.2) 8(1) 167(21.8) 9(1.2) 153(19.9)

0.71Male 432(76.3) 8(1.4) 126(22.3) 5(0.9) 115(20.3)
Missing information 5(62.5) 0(0) 3(37.5) 0(0) 3(37.5)
Scheme
Northern Ireland 29(87.9) 1(3) 3(9.1) 0(0) 3(9.1)

<0.001
RCGP (England) 374(67) 6(1.1) 178(31.9) 10(1.8) 168(30.1)
SMN (England) 138(77.1) 2(1.1) 39(21.8) 2(1.1) 32(17.9)
Scotland 466(87.6) 7(1.3) 59(11.1) 2(0.4) 51(9.6)
Wales 22(56.4) 0(0) 17(43.6) 0(0) 17(43.6)
Risk group
No 710(76.5) 15(1.6) 203(21.9) 10(1.1) 188(20.3)

0.93Yes 215(76.2) 0(0) 67(23.8) 1(0.4) 63(22.3)
Missing information 104(79.4) 1(0.8) 26(19.8) 3(2.3) 20(15.3)
Interval onset to swab (days)
0–1 140(69.7) 1(0.5) 60(29.9) 2(1) 56(27.9)

<0.0012–4 498(74) 10(1.5) 165(24.5) 8(1.2) 149(22.1)
5–7 391(83.7) 5(1.1) 71(15.2) 4(0.9) 66(14.1)
Vaccination status and route
Unvaccinated 852(77.5) 15(1.4) 232(21.1) 13(1.2) 210(19.1)

0.14c

Vaccinated 177(73.1) 1(0.4) 64(26.4) 11(4.5) 61(25.2)
Injection 138(72.6) 1(0.5) 51(26.8) 0(0) 49(25.8)
Intranasal 23(79.3) 0(0) 6(20.7) 1(3.4) 5(17.2)
Missing route 16(69.6) 0(0) 7(30.4) 0(0) 7(30.4)
Primary school age vaccination programme
No 289(67.5) 4(0.9) 135(31.5) 10(2.3) 121(28.3)

<0.001Yes 726(81.3) 12(1.3) 155(17.4) 4(0.4) 144(16.1)
Missing information 14(70) 0(0) 6(30) 0(0) 6(30)
Month of event
Oct 2014 217(95.6) 3(1.3) 7(3.1) 1(0.4) 5(2.2)

<0.001
Nov 2014 343(94.2) 6(1.6) 15(4.1) 0(0) 15(4.1)
Dec 2014 375(64.1) 4(0.7) 207(35.4) 6(1) 195(33.3)
Jan 2015 94(57.3) 3(1.8) 67(40.9) 6(3.7) 56(34.1)

RCGP: Royal College of General Practitioners’ surveillance scheme; SMN: Specialist Microbiology Network.
a There were 11 cases of influenza A infection where the subtype was unknown.
b Controls vs any influenza case.
c Vaccinated vs unvaccinated.
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(Table 1). Positivity rates differed significantly by 
month, scheme and primary school age vaccination 
programme area.

Influenza A(H3N2) strain characterisation
During the study period, a total of 127 A(H3N2) circulat-
ing viruses were isolated from all referred clinical sam-
ples and antigenically characterised by HI analysis. The 
majority of A(H3N2) viruses analysed (100/127; 79%) 
were antigenically similar to the A(H3N2) virus com-
ponent of the 2014/15 northern hemisphere vaccine 
A/Texas/50/2012 (≤ 4-fold difference) with antiserum 
raised against A/Texas/50/2012 in antigenic character-
isation by HI); however a proportion of A(H3N2) viruses 
(21%) showed reduced reactivity (> 4-fold difference) 
(Table 2).

These viruses were antigenically similar to A/
Switzerland/9715293/2013, the recommended A(H3N2) 
component of the 2015 southern hemisphere vaccine. 
A > 4-fold difference in HI assay titres with reference 
antiserum is considered to be significant antigenic 
drift. Of the 44 UK influenza A(H3N2) viruses ana-
lysed to date by sequencing, the HA genes of these 
viruses belonged in the genetic clade 3C, as does the 
2014/15 A(H3N2) vaccine strain A/Texas/50/2012 and 
A/Switzerland/9715293/2013, one of the three recom-
mended strains for the  southern hemisphere 2015 
vaccine composition. However, the majority (35/44; 
79.5%) of the HA sequences of 2014/15 UK viruses 
analysed were further characterised within this clade 
to belong in subgroup 3C.2a of group 3C.2, with fewer 
(9/44 17.3%) in group 3C.3 (Figure 2). These groups are 
considered genetically distinct from the 2014/15 A/
Texas/50/2012(H3N2)-like clade 3C.1 vaccine reference 
strain.

Model fitting for vaccine effectiveness 
estimation
When estimating vaccine effectiveness, age group, 
sex, month of onset, surveillance scheme and primary 
school age programme area were adjusted for in a 
multivariable logistic regression model. Only surveil-
lance scheme, time period and primary school age 
programme area were significantly associated with 
having a positive swab, and all were confounders for 

vaccine effectiveness (changing the estimate by more 
than 5%). Information on risk group was missing for 131 
samples (9.8%) and was therefore not included in the 
final model. If risk group was included, it was found 
not to be associated with being positive and the VE 
estimates remained similar.

Table 3 shows vaccine effectiveness estimates against 
all influenza, influenza A and influenza A(H3N2). There 
were inadequate samples to enable estimation of 
effectiveness against influenza A(H1N1)pdm09 or influ-
enza B. The adjusted VE of influenza vaccine against all 
influenza was 3.4% and was very similar for A(H3N2), 
reflecting the fact that A(H3N2) is the dominant circu-
lating virus strain this season.

Discussion
This paper presents the mid-season estimates of influ-
enza vaccine effectiveness for the UK. In a season 
dominated by early circulation of influenza A(H3N2) 
virus, we found the overall VE in preventing medically 
attended laboratory-confirmed influenza in primary 
care was only 3.4% and −2.3% specifically against 
A(H3N2). We also found clear evidence of antigenic and 
genetic mismatch between circulating A(H3N2) viruses 
and the 2014/15 northern hemisphere vaccine strain.

The UK, together with other European countries, the 
United States, Canada and Australia has well estab-
lished systems to generate interim estimates of sea-
sonal influenza VE. These early results are used to 
optimise in-season control and prevention measures, 
to inform other countries where the influenza sea-
son may have just started or is about to start, and to 
contribute to forthcoming WHO vaccine composition 
deliberations.

The UK, as observed in North America and some other 
European countries [11,12] has experienced a season 
dominated by early circulation of influenza A(H3N2) 
virus – with clear evidence of emergence of a drifted 
A(H3N2) strain, first seen in North America in spring 
2014 [11], and then in Australia in mid-2014 [13]. This 
drifted strain has reduced antigenic reactivity with 
antiserum raised to the current A(H3N2) vaccine strain 
(A/Texas/50/2012), and is antigenically more closely 
related to A/Switzerland/9715293/2013, the A(H3N2) 
virus selected as one of the three recommended com-
ponents for the 2015 southern hemisphere influenza 
vaccine [14].

Characterisation of circulating influenza viruses 
involves both genetic and antigenic characterisation. 
Genetic analysis focusses on detailed comparison of 
the HA genes of viruses, tracking changes over time 
and linking this to phylogenetic analysis of sequence 
clustering to determine emerging virus groups and 
changes in receptor binding and other important anti-
genic epitopes. Genetic variation does not always 
correlate with antigenic variation. The interpretation 
of both data sources is complex, as not all viruses 

Table 2
Influenza A(H3N2) viruses isolated from specimens 
with < 4-fold, 4-fold, or > 4-fold difference in 
haemagglutination inhibition (HI) assay titres compared 
with A/Texas/50/2012, the 2014/15 northern hemisphere 
influenza seasonal A(H3N2) influenza vaccine component, 
United Kingdom, week 40 2014 to week 3 2015 (n = 127)

Influenza 
virus

Change in reactivity with A/Texas/50/2012 
antiserum

<4-fold 4-fold >4-fold Total

N (%) n (%) N (%) n (%)

A(H3N2) 65 51.2 35 27.6 27 21.3 127 100
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Figure 2
Phylogenetic analysis with sequences of the HA1 subunit of the haemagglutinin (HA) gene from reference viruses 
downloaded from the GISAID EpiFlu database and influenza A(H3N2) sequences derived from patients in the United 
Kingdom, week 40 2014 to week 3 2015 

GISAID: Global Initiative on Sharing Avian Influenza Data.
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can be cultivated in sufficient quantity for antigenic 
characterisation, so that viruses for which sequence 
information is available may not be antigenically 
characterised, leading to potential bias in interpreta-
tion. This is particularly relevant to the discussion of 
antigenic characterisation data for A(H3N2) viruses in 
the 2014/15 winter season. Some circulating A(H3N2) 
viruses are difficult to grow in tissue culture as a result 
of genetic drift affecting receptor binding properties 
[15], and viruses grown in eggs may have egg adap-
tive changes which make the analysis of antigenic drift 
complex. Most A(H3N2) strains seen since February 
2014 fell into the HA genetic clade (3C) for which A/
Switzerland/9715293/2013 was a prototype represent-
ative strain. Antigenic and genetic characterisation 
data indicate that A/Switzerland/9715293/2013-like 
strains have circulated in the UK during winter 2014/15. 
There is a clear antigenic mismatch between the north-
ern hemisphere H3N2 vaccine strain and the circulating 
variant in winter of 2014/15. The full picture of viro-
logical variation requires further detailed analysis, not 
possible at this stage of the 2014/15 season.

Our observation of an absence of significant effec-
tiveness in preventing medically-attended laboratory-
confirmed influenza in primary care due to A(H3N2) are 
congruent with the findings recently reported from the 
US [16] who report low effectiveness of 22% (95% con-
fidence interval (CI): 5–35) and from Canada who report 
a VE of −8% (95% CI: −50 to 23) against laboratory-
confirmed, medically-attended influenza A(H3N2) virus 
infection in primary care [17]. The observation of low 
or non-significant effectiveness in 2014/15 in the UK 
and in North America correlates with the direct mis-
match seen between the vaccine virus and A(H3N2) 
strains circulating this winter. Vaccine mismatch due to 
circulation of drifted strains does occasionally occur, 
although this is the lowest estimate of influenza VE 
reported by the UK over the past decade using the 
TNCC approach to measure VE [3,4]. It is also impor-
tant to highlight the uncertainty of our estimate. The 
upper 95% CI of 35% shows we can be confident that 
VE is low at this point although we cannot be clear that 
influenza vaccine has no effectiveness this season. 
Indeed the significantly lower influenza positivity in 
areas where children of school age were vaccinated 
compared to non-pilot areas (Table 1) is suggestive of 

a possible impact of the childhood influenza vaccina-
tion programme. Furthermore, this mid-season analy-
sis does not preclude the likelihood that the vaccine 
should offer protection from different types of influ-
enza, such as influenza B that may still circulate later 
in the season. All these elements will form part of the 
end-of-season analysis including stratification by age-
group and scheme.

The WHO has made their recommendations for the com-
position of the influenza vaccine for the 2015 southern 
hemisphere winter in September 2014, including a 
switch to a A/Switzerland/9715293/2013 (H3N2)-like 
virus [18]. The WHO influenza vaccine composition 
group will convene shortly, at the end of February 
2015, to consider recommendations for the forthcoming 
northern hemisphere 2015/16 winter, and the findings 
in this paper will contribute to their deliberations. The 
observation of low vaccine effectiveness this season 
highlights the vital importance of implementing other 
prevention and control measures for the remainder of 
this season, in particular the early use of influenza 
antivirals for post-exposure prophylaxis and treatment 
of vulnerable populations, such as the elderly, together 
with appropriate infection control measures.
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Table 3
Samples positive (cases) and negative (controls) for influenza according to vaccination status and vaccine effectiveness 
estimates, United Kingdom, week 40 2014 to week 3 2015  

Cases 
(vaccinated : 

unvaccinated)

Controls 
(vaccinated : 

unvaccinated)

Crude VE
(95% CI)

Adjusteda VE
(95% CI)

All influenza (A and B) 65 : 247
177 : 825

−26.7% (−74.0 to 7.8) 3.4% (−44.8 to 35.5)
All influenza A 64 : 232 −32.2% (−82.2 to 4.0) −0.7% (−52.0 to 33.2)
Influenza A(H3N2) only 61 : 210 −39.8% (−94.1 to −0.7) −2.3% (−56.2 to 33.0)

CI: confidence interval; VE: vaccine effectiveness.
a Adjusted for age group, sex, month, surveillance scheme and primary school area.
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Virus strains in the seasonal influenza vaccine for 
the 2014/15 northern hemisphere season remained 
unchanged from those in 2013/14. During spring 2014, 
drifted influenza A(H3N2) viruses, subgroup 3C.3a, 
were detected in Finland; another subgroup, 3C.2a, 
emerged in the 2014/15 season and has predominated. 
We monitored antibody responses against vaccine and 
epidemic strains (2013/14 and 2014/15) among Finnish 
healthcare workers after influenza vaccination with 
the 2013/14 vaccine. The data suggest reduced cross-
protection towards both subgroups of drifted A(H3N2) 
viruses. 

Early in the 2014/15 influenza season, drifted influ-
enza A(H3N2) viruses have predominated in Europe 
[1,2]. In Finland, the season started earlier in the 
year than the previous season did (December 2014 as 
opposed to January 2014). We characterised a subset 
of circulating 2013/14 and 2014/15 influenza A(H3N2) 
viruses genetically to monitor changes in the circulat-
ing strains. On the basis of the genetic changes iden-
tified, representatives of these strains were selected 
for serological study. The strains recommended by the 
World Health Organization (WHO)  for inclusion in the 
2014/15 trivalent influenza vaccine (TIV) for the north-
ern hemisphere [3] are the same as those in 2013/14 
[4]: A/California/07/2009, A/Texas/50/2012 and B/
Massachusetts/02/2012. By exploring the antibody 
responses to the 2013/14 TIV in Finnish healthcare 
workers (HCWs), we evaluated the seroprotection level 
against viruses included in TIV and compared it with 
vaccine-induced cross-protection towards selected epi-
demic virus strains from the 2013/14 and 2014/15 sea-
sons. Our findings suggest reduced cross-protection 
towards the two subgroups of drifted A(H3N2) viruses 

detected in Finland (genetic subgroups 3C.3a and 
3C.2).

Genetic characterisation of influenza 
A(H3N2) viruses in Finland in 2013/14 and 
2014/15
As part of virological surveillance of influenza in 
Finland, a subset of influenza A(H3N2)-positive sam-
ples from sites in a sentinel influenza surveillance net-
work and non-sentinel sites are  selected throughout 
the season for genetic characterisation on the basis of 
their geographical origin and temporal distribution.

The sentinel network consists of healthcare centres 
collecting specimens from patients with influenza-like 
illness or acute respiratory infection and most also 
report clinical data. Healthcare centres of garrisons, 
also included in the network, only collect specimens. 
While intensive-care units are also part of the network, 
collecting specimens only, they are not considered as 
sentinel sites, as their participation is not agreed in 
advance (unlike that of healthcare centres). Other non-
sentinel sites include clinical microbiology laborato-
ries, for example. 

Phylogenetic analysis of the haemagglutinin gene was 
performed as described previously [5]. Reference influ-
enza A(H3N2) virus sequences for the phylogenetic tree 
were obtained from the EpiFlu database of the Global 
Initiative on Sharing Avian Influenza Data (GISAID) 
(Table 1).

During the 2013/14 season, a total of 27 influenza 
A(H3N2) viruses were analysed: 25 belonged to group 
3C.3 and two to group 3C.2 (Figure 1, Table 1). Of the 
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Table 1A
Origin of the haemagglutinin sequence information of influenza A(H3N2) viruses included in the phylogenetic analysis

Isolate name Segment ID Country Collection 
date

Originating 
laboratory Submitting laboratory Authors

A/Alabama/05/2010 EPI278808 United States 2010-Jul-13
US Air Force School 
of Aerospace 
Medicine

Centers for Disease Control 
and Prevention

A/Athens GR/112/2012 EPI358885 Greece 2012-Feb-01 Hellenic Pasteur 
Institute

National Institute for 
Medical Research

A/Hong Kong/146/2013 EPI426061 Hong Kong 
(SAR) 2013-Jan-11 Government Virus 

Unit
National Institute for 
Medical Research

A/Hong Kong/5738/2014 EPI539806 Hong Kong 
(SAR) 2014-Apr-30 Government Virus 

Unit
National Institute for 
Medical Research

A/Iowa/19/2010 EPI335923 United States 2010-Dec-30 Iowa State Hygienic 
Laboratory

Centers for Disease Control 
and Prevention

A/Ireland/M28426/2013 EPI467996 Ireland 2013-Apr-02
National Virus 
Reference 
Laboratory

National Institute for 
Medical Research

A/Johannesburg/3495/2012 EPI405940 South Africa 2012-Jul-04
Sandringham, 
National Institute for 
Communicable D

National Institute for 
Medical Research

A/Madagascar/0648/2011 EPI319276 Madagascar 2011-Feb-21 Institut Pasteur de 
Madagascar

National Institute for 
Medical Research

A/Nebraska/4/2014 EPI539619 United States 2014-Mar-11
Centers for Disease 
Control and 
Prevention

National Institute for 
Medical Research

A/Norway/1186/2011 EPI326137 Norway 2011-Mar-16 Norwegian Institute 
of Public Health

National Institute for 
Medical Research

A/Norway/1330/2010 EPI302231 Norway 2010-Dec-03 WHO National 
Influenza Centre

National Institute for 
Medical Research

A/Norway/1903/2014 EPI539623 Norway 2014-May–20 WHO National 
Influenza Centre

National Institute for 
Medical Research

A/Perth/16/2009 EPI211334 Australia 2009

WHO Collaborating 
Centre for Reference 
and Research on 
Influenza

Centers for Disease Control 
and Prevention

A/Samara/73/2013 EPI460558 Russian 
Federation 2013-Mar-12

WHO National 
Influenza Centre 
Russian Federation

National Institute for 
Medical Research

A/Stockholm/18/2011 EPI326139 Sweden 2011-Mar-28
Swedish Institute for 
Infectious Disease 
Control

National Institute for 
Medical Research

A/Switzerland/9715293/2013 EPI540526 Switzerland 2013-Dec-06 National Institute for 
Medical Research

Centers for Disease Control 
and Prevention

A/Texas/50/2012 EPI391247 United States 2012-Apr-15

Texas Department 
of State Health 
Services-Laboratory 
Services

Centers for Disease Control 
and Prevention

A/Victoria/361/2011 EPI349106 Australia 2011-Oct-24 Melbourne 
Pathology

WHO Collaborating Centre 
for Reference and Research 
on Influenza

Deng, Y-M;
Caldwell, N;
Iannello, P;
Komadina, N.

A/Finland/385/2013 EPI502957 Finland 2013-Dec-11 National Institute for 
Health and Welfare

National Institute for 
Health and Welfare

Ikonen, N; 
Haanpää, M

A/Finland/404/2014 EPI556921 Finland 2014-Feb-06 National Institute for 
Health and Welfare

National Institute for 
Health and Welfare

Ikonen, N; 
Haanpää, M

A/Finland/410/2014 EPI556922 Finland 2014-Feb-26 National Institute for 
Health and Welfare

National Institute for 
Health and Welfare

Ikonen, N; 
Haanpää, M

A/Finland/428/2014 EPI556939 Finland 2014-Feb-17 National Institute for 
Health and Welfare

National Institute for 
Health and Welfare

Ikonen, N; 
Haanpää, M

A/Finland/433/2014 EPI557055 Finland 2014-Feb-07 National Institute for 
Health and Welfare

National Institute for 
Health and Welfare

Ikonen, N; 
Haanpää, M

A/Finland/437/2014 EPI557056 Finland 2014-Mar-24 National Institute for 
Health and Welfare

National Institute for 
Health and Welfare

Ikonen, N; 
Haanpää, M

A/Finland/438/2014 EPI557057 Finland 2014-Apr-03 National Institute for 
Health and Welfare

National Institute for 
Health and Welfare

Ikonen, N; 
Haanpää, M

A/Finland/439/2014 EPI557058 Finland 2014-Apr-23 National Institute for 
Health and Welfare

National Institute for 
Health and Welfare

Ikonen, N; 
Haanpää, M
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25 group 3C.3 viruses, six represented a new drifted 
A(H3N2) type, group 3C.3a viruses. In Finland, these 
viruses were first detected in February 2013.

At the beginning of the 2014/15 season, all nine influ-
enza A(H3N2) viruses analysed belonged to another 
drifted group, 3C.2a.

Monitoring antibody response after 
influenza vaccination in a cohort of 
healthcare workers
A total of 79 clinically healthy HCWs (12 men, 67 women), 
median age 46 years (range: 22–66), were recruited on 
a voluntary basis during autumn 2013 from the per-
sonnel of the Department of Medicine at the Helsinki 
University Hospital and the Viral Infections Unit at the 
National Institute for Health and Welfare, Helsinki. The 
employer vaccinated each participant with the 2013/14 
seasonal influenza vaccine, which was trivalent, non-
adjuvanted, containing the three WHO-recommended 
influenza virus strains. One dose was administered 
intramuscularly. Serum samples were collected before 
vaccination (day 0) and three weeks and six months 
after vaccination.

The study protocol was approved by the Ethic 
Committee of the Department of Medicine, Helsinki 
University Hospital (298/13/03/00/12) and the Finnish 
Medicines Agency (EudraCT 2012–003727–38). Written 
informed consent was provided by all participants.

The serum samples were tested by the haemaggluti-
nation inhibition (HI) test for the presence of antibod-
ies against TIV vaccine viruses and Finnish influenza 
virus isolates from the 2013/14 and 2014/15 seasons. 
TIV strains for the northern hemisphere 2013/14 
and 2014/15 seasons were A/California/07/2009 
(group 1), A/Texas/50/2012 (group 3C.1) and B/
Massachusetts/02/2012 (clade 2). For comparison, we 
also included B/Wisconsin/01/2010 (clade 3), the vac-
cine strain for the northern hemisphere 2012/13 sea-
son, and A/Switzerland/9715293/2013 (H3N2) (group 
3C.3a), the vaccine strain for the southern hemisphere 
2015 season. We also included A/Finland/420/2014 
(group 6B), which represented the Finnish A(H1N1)
pdm09 strain that circulated in 2013/14. In addition, 
A/Finland/385/2013 (2013/14), A/Finland/428/2014 
(2013/14) and A/Finland/464/2014 (2014/15) were 
selected as representative of circulating Finnish 
A(H3N2) viruses for groups 3C.3, 3C.3a and 3C.2a, 
respectively.

The assay was performed as previously described [6] 
using erythrocytes from turkeys for A(H1N1)pdm09 
viruses and guinea pigs for A(H3N2) and influenza B 
viruses. A(H3N2) viruses were assayed in the presence 
of 20 nM oseltamivir carboxylate (Roche). For statisti-
cal analyses, serum specimens with HI titres < 10 were 
assigned a titre value of 5. We calculated the geometric 
mean titres (GMT) with 95% confidence intervals and 
presumable seroprotection rate (using the commonly 
accepted European Medicines Agency criteria [7]: HI 
titre ≥ 1:40) for each virus. Statistical significance of 

Isolate name Segment ID Country Collection 
date

Originating 
laboratory Submitting laboratory Authors

A/Finland/440/2014 EPI557059 Finland 2014-Apr-28 National Institute for 
Health and Welfare

National Institute for 
Health and Welfare

Ikonen, N; 
Haanpää, M

A/Finland/461/2014 EPI557060 Finland 2014-Oct-22 National Institute for 
Health and Welfare

National Institute for 
Health and Welfare

Ikonen, N; 
Haanpää, M

A/Finland/462/2014 EPI557061 Finland 2014-Oct-08 National Institute for 
Health and Welfare

National Institute for 
Health and Welfare

Ikonen, N; 
Haanpää, M

A/Finland/463/2014 EPI557062 Finland 2014-Nov-20 National Institute for 
Health and Welfare

National Institute for 
Health and Welfare

Ikonen, N; 
Haanpää, M

A/Finland/464/2014 EPI557063 Finland 2014-Nov-24 National Institute for 
Health and Welfare

National Institute for 
Health and Welfare

Ikonen, N; 
Haanpää, M

A/Finland/465/2014 EPI557064 Finland 2014-Dec-01 National Institute for 
Health and Welfare

National Institute for 
Health and Welfare

Ikonen, N; 
Haanpää, M

A/Finland/466/2014 EPI557065 Finland 2014-Nov-21 National Institute for 
Health and Welfare

National Institute for 
Health and Welfare

Ikonen, N; 
Haanpää, M

A/Finland/467/2014 EPI557066 Finland 2014-Nov-24 National Institute for 
Health and Welfare

National Institute for 
Health and Welfare

Ikonen, N; 
Haanpää, M

A/Finland/468/2014 EPI557067 Finland 2014-Nov-27 National Institute for 
Health and Welfare

National Institute for 
Health and Welfare

Ikonen, N; 
Haanpää, M

A/Finland/469/2014 EPI557068 Finland 2014-Nov-27 National Institute for 
Health and Welfare

National Institute for 
Health and Welfare

Ikonen, N; 
Haanpää, M

All reference and Finnish haemagglutinin sequences are available from the Global Initiative on Sharing Avian Influenza Data (GISAID) EpiFlu 
database.

Table 1B
Origin of the haemagglutinin sequence information of influenza A(H3N2) viruses included in the phylogenetic analysis
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Figure 1
Phylogenetic analysis of the haemagglutinin sequences of influenza A(H3N2) viruses from Finnish surveillance data during 
two epidemic seasons, 2013/14 and 2014/15

All sequences included in the phylogenetic tree were 1,650 nucleotides long. The tree was constructed using the neighbour-joining method 
with Mega software version 5.1 and with 1,000 bootstrap replicates. Bootstrapping values ≥ 60 are shown. The viruses used in serological 
tests are in bold blue. In addition, the vaccine viruses for northern and southern hemisphere are shown in boxes. Arrowed lines represent the 
location of amino acid substitutions.
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differences was estimated using Student’s t-test 
(paired, two-tailed), with a significance level of p < 0.05.

For all virus strains tested, there was a significant 
(p < 0.01) increase in the GMTs of the antibody response 
three weeks after TIV vaccination (Table 2). At six 
months, the GMTs decreased by 39.4–46.2%, 24.4–
42.3% and 11.9–18.4% for influenza A(H1N1)pdm09, 
A(H3N2) and B viruses, respectively. The decrease was 
significant (p < 0.05 to p < 0.001) for both types influ-
enza A viruses.
 
The baseline seroprotection rate for A(H1N1)pdm09 
viruses was 57.0–58.2% (Figure 2). Three weeks after 
vaccination, the GMTs were higher for the recently cir-
culating A/Finland/420/2014 strain than for the vac-
cine strain (p < 0.05). Post-vaccination seroprotection 
rates were 89.6% and 85.7% for A/Finland/420/2014 
and A/California/07/2009 viruses, respectively.

The seroprotection rate for A(H3N2) vaccine virus A/
Texas/50/2012 was 60.8% before vaccination and 
87.0% three weeks after it. Three weeks post-vac-
cination, the GMTs were somewhat weaker for A/
Finland/385/2013, a Finnish representative of group 
3C.3 virus strains, than to the vaccine strain (p < 0.01). 
Significantly lower GMTs were detected for the group 
3C.3a strain A/Switzerland/9715293/2013 as well as 
the Finnish group 3C.3a strain A/Finland/428/2014 

and recently circulating group 3C.2a strain A/
Finland/464/2014 compared with the vaccine strain 
(p < 0.0001).

For drifted Finnish 3C.3a and 3C.2a viruses, base-
line seroprotection rates were low (8.9% and 1.3%, 
respectively) and fivefold reductions in GMTs (for both) 
were detected three weeks after vaccination, com-
pared with the vaccine strain. The reduction in GMTs 
for A/Finland/428/2014 (group 3C.3a) was in line with 
recently reported HI and neutralisation levels [8,9].

The baseline seroprotection rate for influenza B 
viruses was 26.6–27.8%. Three weeks after vaccina-
tion, very similar  seroprotection rates were seen for 
vaccine strains B/Massachusetts/2/12 (61.0%) and 
B/Wisconsin/01/2010 (59.7%), which both represent 
the Yamagata-lineage viruses but belong to different 
clades.

Discussion
During the 2013/14 season, the relative prevalence of 
A(H1N1)pdm09, A(H3N2) and B influenza viruses varied 
from one European country to another [10]. In Finland, 
A(H1N1)pdm09 viruses predominated but A(H3N2) 
viruses were also detected. Most of the circulating 
A(H1N1)pdm09 and A(H3N2) viruses corresponded well 
with those included in the seasonal TIV vaccine for that 
season. Viruses from patients requiring intensive care 

Table 2
Geometric mean titres against influenza A(H1N1)pdm09, A(H3N2) and B viral strains measured by haemagglutination 
inhibition test before and after vaccination of 79 healthcare workers with 2013/14 trivalent influenza vaccine, Finland

Influenza virus strain Group
Geometric mean titres (95% CIs)

Day 0 
n = 79

Day 21 
n = 77

Day 180
n = 72

A(H1N1)pdm09
A/California/07/2009a 1 31.5 (26.0–40.4) 63.9 (51.9–74.5) 38.8 (32.3–48.6)
A/Finland/420/2014 6B 34.8 (29.6–50.4) 85.3 (68.8–105.5) 45.9 (37.4–61.7)
A(H3N2)b

A/Texas/50/2012a 3C.1 33.2 (26.5–41.0) 70.3 (57.8–86.0) 50.7 (39.7–60.4)
A/Finland/385/2013 3C.3 25.3 (20.7–31.0) 46.5 (38.1–56.0) 26.8 (21.6–32.4)
A/Switzerland/9715293/2013c 3C.3a 11.4 (8.9–14.3) 19.5 (15.1–26.4) 12.1 (9.6–16.0)
A/Finland/428/2014 3C.3a 8.6 (7.3–10.0) 13.7 (11.7–17.8) 8.7 (7.5–10.2)
A/Finland/464/2014 3C.2a 7.6 (6.7–8.7) 12.3 (10.8–15.0) 9.3 (8.1–10.7)
B (Yamagata)
B/Massachusetts/02/2012a Clade 2 19.8 (16.3–24.5) 37.1 (31.2–44.3) 30.3 (24.7–37.1)
B/Wisconsin/01/2010d Clade 3 19.1 (15.8–23.2) 34.0 (28.4–40.7) 30.0 (25.1–35.7)

CI: confidence interval.
One dose of non-adjuvanted trivalent 2013/14 seasonal influenza vaccine was administered intramuscularly to Finnish healthcare workers. 
Day 0 refers to serum samples collected before vaccination.
a Vaccine strain, northern hemisphere season 2013/14 and 2014/15.
b Haemagglutination inhibition test with 20nM oseltamivir carboxylate (Roche).
c Vaccine strain, southern hemisphere season 2015.
d Vaccine strain, northern hemisphere season 2012/13. 
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were not proven genetically different from other circu-
lating viruses [11].

Representatives of influenza A(H3N2) groups 3C.2 
and 3C.3 were found in Europe in the 2013/14 season 
and since February 2014, two new genetic subgroups, 
3C.2a and 3C.3a, emerged in these clusters [8,10]. Both 
of these genetic subgroups contain viruses that show 
antigenic drift from the vaccine virus [1]. In Finland, 
infections caused by A(H3N2) genetic subgroup 3C.3a 
viruses were detected between February and April 
2014. Genetic subgroup 3C.2a viruses, in contrast, did 
not circulate in Finland during the 2013/14 season but 
only emerged in the 2014/15 season.

Drifted influenza A(H3N2) viruses have been circulating 
in the countries of the European Union and European 
Economic Area in the 2014/15 season. The majority 
of genetically characterised viruses belong to group 
3C.2a although 3C.3a viruses have also been detected 
[1]. In the United States (US), the Centers for Disease 

Control and Prevention has issued a health advisory 
notice regarding the circulation of drifted influenza 
A(H3N2) viruses in the US [12]. Early estimates of the 
current seasonal influenza vaccine effectiveness from 
the US and Canada suggest low effectiveness against 
circulating A(H3N2) viruses [13,14].

New antigenic A(H3N2) clusters appear on average 
every 3.3 years [15]. Seven amino acid locations have 
been shown to be responsible for the major antigenic 
changes in A(H3N2) viruses [16]. Subgroup 3C.2a and 
3C.3a viruses carry specific amino acid substitutions 
that drifted from the corresponding main groups. Both 
subgroups have a substitution at position 159, which 
has shown to be one of seven positions responsible for 
the major antigenic changes between 1968 and 2003 
A(H3N2) viruses [16].

In our analysis of antibody response, GMTs against the 
circulating A/Finland/428/2014 virus (a group 3C.3a 
A(H3N2) virus) were found to be significantly lower 

Seroprotection rate was defined as the percentage of participants with a haemagglutination inhibition titre ≥ 40. Day 0 refers to serum 
samples collected before vaccination.
a Vaccine strain, northern hemisphere season 2013/14 and 2014/15.
b Vaccine strain, southern hemisphere season 2015.
c Vaccine strain, northern hemisphere season 2012/13.

Figure 2
Seroprotection rates determined by haemagglutination inhibition test before and after vaccination of 79 healthcare workers 
with 2013/14 trivalent influenza vaccine, Finland
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than GMTs against the homologous A/Texas/50/2012 
vaccine virus. These results are in line with those 
from Finnish A(H3N2) variant strains tested in WHO 
Collaborating Centre for Reference and Research on 
Influenza, in London, United Kingdom, using HI and 
virus neutralisation assays [9] and previous serologi-
cal studies [8]. The pre-vaccination seroprotection 
rate of the HCWs we tested for this virus variant was 
only less than 10%. Even at three weeks after vaccina-
tion, the cross-protection rate was only less than 30% 
and decreased to less than 10% within 6 months.

The GMTs were found to be significantly lower against 
the currently circulating subgroup 3C.2a A(H3N2) virus 
A/Finland/464/2014 than against the homologous A/
Texas/50/2012 vaccine virus. Only one of the 79 HCWs 
tested had pre-existing seroprotective antibody lev-
els against this virus variant. Three weeks after vac-
cination, the cross-protection rate was 16.9% and 
decreased to less than 2% within six months. Subgroup 
3C.2a viruses have also shown to have poor reactivity 
with post-infection ferret antisera against vaccine virus 
A/Texas/50/2012 [17].

Although influenza A(H1N1)pdm09 viruses have under-
gone genetic changes from the A/California/07/2009 
strains present in the vaccine, the majority of epidemic 
viruses in Europe have been antigenically similar to the 
vaccine virus [2,10]. Our serological results indicate 
a strong vaccine-induced seroprotection rate against 
A(H1N1)pdm09 viruses. Consistent with this, more than 
half of the Finnish HCWs tested had pre-existing immu-
nity against A(H1N1)pdm09 viruses. This may be due to 
the history of sequential TIV vaccinations in the study 
group or natural infections by A(H1N1)pdm09 viruses.

We acknowledge at least a few limitations in our sero-
logical analysis. First, the number of HCWs included in 
the study was limited. Secondly, the HCWs we tested 
did not represent all age groups: thus the results do 
not necessarily apply to children or elderly individu-
als. Antibody responses to influenza A(H1N1)pdm09 
vaccination are age dependent [18] and low vaccine 
effectiveness against A(H3N2) has been reported 
among elderly persons [19]. For influenza B viruses, 
the overall impact of lineage-level mismatch between 
vaccine and circulating strains has been shown to be 
considerable, especially among children and adoles-
cents [20]. Thirdly, HCWs are often vaccinated more 
regularly than others (in Finland, influenza vaccination 
is recommended for all HCWs who come in contact with 
patients) and they are also at higher risk of contract-
ing influenza virus. The impact of repeated vaccination 
on vaccine effectiveness against influenza is still under 
investigation and discussion [21,22].

In conclusion, our serological data suggest that 
although the 2013/14 and 2014/15 TIV would protect 
against A(H1N1)pdm09 viruses, the protection against 
influenza A(H3N2) 3C.2a and 3C.3a virus variants would 
be suboptimal. The current epidemic situation in the 

northern hemisphere underlines the need to change 
the A(H3N2) component of the 2015/16 vaccine to a 
virus that represents one of the drifted groups. With 
minimal pre-existing immunity and a limited cross-
protective effect from the TIV, the population in the 
northern hemisphere may be more susceptible to the 
new influenza A(H3N2) virus variants during the cur-
rent 2014/15 season. However, influenza vaccination is 
strongly encouraged for HCWs, as well as for persons 
in risk groups, to reduce influenza disease burden and 
the spread of the epidemics. 
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The 2014/15 influenza season in Canada has been 
characterised to date by early and intense activity 
dominated by influenza A(H3N2). A total of 99.0% 
(593/599) hospitalisations for laboratory-confirmed 
influenza with a known influenza virus type enrolled 
in sentinel hospitals of the Serious Outcomes 
Surveillance Network of the Canadian Immunization 
Research Network were due to influenza A. Of the 216 
with a known subtype, influenza A(H3N2) accounted 
for 99.1% (n=214). Interim unmatched vaccine effec-
tiveness (VE) estimates adjusted for age and presence 
of one or more medical comorbidities were determined 
by test-negative case–control design to be −16.8% 
(90% confidence interval (CI): −48.9 to 8.3) overall 
and −22.0% (90% CI: −66.5 to 10.7) for laboratory-con-
firmed influenza A(H3N2). Among adults aged under 65 
years, the overall VE was 10.8% (90% CI: −50.2 to 
47.0) while in adults aged 65 years or older, the overall 
VE was −25.4% (90% CI: −65.0 to 4.6).

Clinical trial registration number: NCT01517191. 

Introduction
In the 2014/15 influenza season, Canada has to date 
experienced  early, intense influenza activity, with 
record numbers of long-term care facility outbreaks 
and a seasonal peak number of influenza-related hos-
pitalisations, laboratory detections of influenza virus, 

and outpatient consultations for influenza-like-illness 
occurring in week 53 (28 December 2014 to 3 January 
2015) [1]. Antigenic and genetic characterisation of the 
circulating influenza A(H3N2) strain viruses in both 
Canada and the United States (US) has demonstrated 
antigenic drift from the vaccine strain in a majority of 
characterised isolates, raising concern that vaccine 
effectiveness (VE) might be suboptimal [1]. In the US, 
interim VE estimates demonstrate limited effectiveness 
of the 2014/15 vaccines in the prevention of laboratory-
confirmed, medically attended acute respiratory illness 
in persons of all ages, with adjusted VE estimates of 
24% (95% confidence interval (CI): 0 to 43) in children 
aged 6 months to 17 years, 16% (95% CI: −18 to 41) in 
adults aged 18 to 49 years and 23% (95% CI: −14 to 47) 
in adults aged 50 years and older [2]. In Canada, the 
Sentinel Physicians Surveillance Network recently pub-
lished interim estimates of VE against laboratory-con-
firmed, medically attended influenza A and influenza 
A(H3N2) of −4% (95% CI: −45 to 25) and −8% (95% CI: 
−50 to 23), respectively [3]. Interim estimates for VE 
in the prevention of laboratory-confirmed, influenza-
related hospitalisations have not yet been reported.

In Canada, annual influenza immunisation is recom-
mended for all persons aged 6 months of age or older, 
with the primary goal of preventing influenza-associ-
ated hospitalisation and death [4]. The vast majority 
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of influenza vaccine deployed in Canada is intramus-
cular, non-adjuvanted, trivalent inactivated influenza 
vaccine. Most immunisation programmes begin in 
mid-October.

Drifted influenza A(H3N2) viruses were first 
detected in late March 2014, after the World Health 
Organization (WHO) recommendations for the 
2014/15 northern hemisphere vaccine in mid-Feb-
ruary [5]. The 2014/15 influenza vaccines used in 
Canada include A/California/7/2009 (H1N1)pdm09-
like virus; A/Texas/50/2012 (H3N2)-like virus; and B/
Massachusetts/2/2012-like virus, as recommended 
by WHO and Canada’s National Advisory Committee 
on Immunization [4]. Here, we provide an interim esti-
mate of overall and age-stratified 2014/15 influenza VE 
in the prevention of laboratory-confirmed influenza-
related hospitalisation using a test-negative case–
control design, based on patients who were admitted 
up to 10 January 2015 in the hospitals of the Serious 
Outcomes Surveillance (SOS) Network of the Canadian 
Immunization Research Network (CIRN).

Methods

Hospital-based surveillance
The CIRN SOS Network was established in 2009 to pro-
spectively monitor annual seasonal influenza VE in the 
prevention of laboratory-confirmed influenza-related 
hospitalisation in adults hospitalised in Canada [6]. In 
this 2014/15 season, the network comprises 15 adult 
academic and community hospitals in five of the 10 
Canadian provinces (namely New Brunswick, Nova 
Scotia, Quebec, Ontario, and British Columbia) account-
ing for about 9,000 adult acute-care hospital beds. 
There are no network hospitals in Canada’s three ter-
ritories. Beginning on 15 November 2014, trained SOS 
Network surveillance monitors enrolled all hospital-
ised cases of influenza diagnosed through routine test-
ing occurring as part of usual standard of care. Active 
surveillance began the week in which two hospitalised 
influenza cases were identified in the local network 
hospital or the week when the local hospital or public 
health laboratory reported two of more positive influ-
enza tests in one week. Active surveillance requires 
review of all daily admissions of adult patients (aged 16 
years and older) to medical wards (e.g. internal medi-
cine, geriatric medicine, family medicine, cardiology, 
pulmonology) and medical and coronary intensive-care 
units to identify eligible patients. Patients 16 years of 
age or older admitted with an acute respiratory illness 
(i.e. pneumonia, acute exacerbation of chronic obstruc-
tive pulmonary disease or asthma, unexplained sepsis, 
any other respiratory infection or diagnosis, or any res-
piratory or influenza-like symptom) were eligible for 
enrolment.

All eligible patients had a nasopharyngeal swab col-
lected as part of routine clinical care or by the SOS 
Network monitor for testing for influenza by reverse-
transcription polymerase chain reaction (RT-PCR) or 

viral culture in the local hospital or public health labo-
ratory according to routine local testing procedures. 
Patients were considered immunised if they reported 
receipt of a 2014/15 influenza vaccine more than two 
weeks before onset of their symptoms. Self-reported 
immunisation history was verified with the immunisa-
tion provider or an immunisation registry, providing 
that information was available. Detailed demographic 
information, medical and surgical history, history 
of present illness and hospitalisation and outcome 
details were collected from the patient and their medi-
cal record.
The study was approved by the research ethics boards 
of participating institutions and consent procedures 
followed local research ethics board requirements 
(clinical trial registration number: NCT01517191).

Estimation of influenza vaccine effectiveness
Eligible hospitalised patients admitted between 15 
November 2014 and 10 January 10 2015 for whom 
results of influenza testing and self-reported 2014/15 
influenza immunisation status were available were 
included in this interim analysis of VE. Patients with a 
positive laboratory test for influenza were defined as 
cases, while those testing negative for influenza within 
seven days of symptom onset were defined as controls.

Odds ratios (OR) for influenza vaccination among cases 
and controls were calculated and VE was estimated as 
(1 − OR) × 100% by logistic regression adjusting for age 
and presence of one or more medical comorbidities [4]. 
Overall adjusted VE and VE stratified by age (patients 
65 years or older vs patients younger than 65 years) are 
presented.

In the current interim analysis, VE estimates are not 
adjusted for site of enrolment. However, it is impor-
tant to note that the same protocol is used in all par-
ticipating sites and all enrolment is done by study 
staff trained and monitored by the central study team. 
Enrolment criteria for cases and controls, as well as 
sampling procedures, are standardised across sites.

We have included 90% CIs, as we consider these more 
appropriate than 95% CIs for our purpose. The 90% CI 
is used to test our primary objective, which has a one-
sided alternative rather than a two-sided alternative. 
More specifically, we are interested in testing the null 
hypothesis of VE ≤ 0 (vaccine is not protective) vs the 
alternative hypothesis of VE > 0 (vaccine is protective). 
We consider this is more appropriate than testing a null 
hypothesis of VE = 0 (vaccine will neither increase nor 
decrease the risk of acquiring influenza) vs the alter-
native hypothesis of VE < or > 0 (vaccine will either 
increase or decrease the risk of acquiring influenza). 
Since the first hypothesis has a one-sided alternative, 
only the lower bound of the CI matters. Since a 95% 
CI controls 2.5% type I error on each side, it will make 
our test a 2.5%-level test rather than a 5%-level test. To 
aid comparison with other studies, however, we have 
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also included 95% CIs in the table displaying the VE 
estimates.

Results
Interim estimates of influenza vaccine effectiveness
Between 15 November 2014 (week 46) and 10 January 
2015 (week 1), 600 hospitalised influenza cases and 471 
hospitalised test-negative controls were enrolled and 
included in the interim analysis. Laboratory-confirmed 
influenza cases and test-negative controls admitted to 
the SOS Network hospitals by week and virus subtype 
are shown in the Figure. Overall, 99.0% (593/599 cases 
with known subtype) of hospitalisations for laboratory-
confirmed influenza enrolled in participating hospitals 
were due to influenza A; influenza A (H3N2) accounted 
for 99.1% (n=214) of the 216 cases with known subtype.
 
Hospitalised patients with laboratory-confirmed influ-
enza were older than test-negative controls (mean age: 
77.7 (standard deviation, SD: 15.2) years vs 70.9 (SD: 
16.6) years, respectively; p < 0.001); 68.8% (n=413) of 
cases were over 75 years of age compared with only 
44.8% (n=211) of test-negative controls (p < 0.001). 
The majority of both cases and controls were female 
(54.2% (n = 325) and 52.7% (n = 248), respectively; 
p = 0.62) and had one or more underlying medical 
comorbidity (97.2% (512/527) and 97.0% (382/394), 
respectively; p = 0.85) (Table 1). A total of 399 (66.5%) 
cases and 300 (63.7%) test-negative controls reported 
receipt of the 2014/15 influenza vaccine. Among those 
for whom outcome data were available, rates of admis-
sion to an intensive-care unit (10.1% (650/497) vs 11.1% 
(35/315); p = 0.64), need for mechanical ventilation 
(4.2% (16/377) vs 4.6% (14/303); p = 0.85), and death 
(7.9% (28/356) vs 9.7% (23/237); p = 0.46) did not differ 

between patients with laboratory-confirmed influenza 
and test-negative controls.

The overall and age-stratified VE for the prevention of 
laboratory-confirmed influenza-related hospitalisa-
tion in the adults in our study are shown in Table 2. 
Overall interim VE of 2014/15 influenza vaccines in per-
sons aged 16 years and older, adjusted for age and the 
presence of one or more medical comorbidities, was 
−16.8% (90% CI: −48.9 to 8.3). Among adults 65 years 
and older, the interim adjusted VE was −25.4% (90% CI: 
−65.0 to 4.6) and among adults under 65 years of age, 
the interim adjusted VE was 10.8% (90% CI: −50.2 to 
47.0). Overall adjusted VE against confirmed influenza 
A(H3N2) was −22.0% (90% CI: −66.5 to 10.7). Among 
adults 65 years and older, the interim adjusted influ-
enza A(H3N2) VE was −32.9% (90% CI: −90.0 to 7.0) 
and among adults younger than 65 years of age, the 
interim adjusted VE was 7.5% (90% CI: −78.3 to 52.0).

Discussion
The 2014/15 influenza season in Canada has been 
dominated by circulation of influenza A(H3N2) viruses 
[1] and this is consistent among hospitalised influenza 
cases admitted to SOS Network hospitals. Genetic 
and antigenic characterisation of circulating influenza 
strains by the National Microbiology Laboratory (NML) 
in Winnipeg, Manitoba, Canada has demonstrated a 
predominance of drifted influenza A(H3N2) strains, 
indicating a poor match between the circulating influ-
enza A(H3N2) virus and the 2014/15 A(H3N2) northern 
hemisphere influenza vaccine strain [1,3]. Overall, less 
than 1% of viruses characterised were well matched 
to A/Texas/50/2012, the A(H3N2) component of the 
2014/15 influenza vaccines. Of 55 A(H3N2) viruses 

Figure
Laboratory-confirmed influenza cases and test-negative controls admitted to hospitals of the Serious Outcomes Surveillance 
Network of the Canadian Immunization Research Network, by week and virus subtype, 15 November 2014–10 January 2015 
(n=1,071)
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tested by haemagglutinin inhibition assay, only one  
virus was antigenically similar to A/Texas/50/2012. 
Five viruses showed reduced antibody titres to A/
Texas/50/2012 and 49 were antigenically similar to 
A/Switzerland/9715293/2013. Among 250 influenza 
A(H3N2) viruses genetically characterised by sequence 
analysis, 249 belonged to a drifted genetic group pre-
dicted to have reduced titres to the vaccine strain A/
Texas/50/2012 [1].

Our interim VE estimates derived from influenza-
related hospitalisations from 15 November 2014 to 
January 10, 2015 demonstrate overall lack of effec-
tiveness of the 2014/15 influenza vaccine for the pre-
vention of influenza-related hospitalisation in adults. 
While the relationship between VE and antigenic 

match is not always clear, and VE cannot be predicted 
directly from virological surveillance, our results might 
have been anticipated given that over 99% of circu-
lating A(H3N2) strains characterised by the NML have 
been antigenically drifted from the A(H3N2) vaccine 
strain, and were similar to the antigenically distinct 
A/Switzerland/9715293/2013, which is the  A(H3N2) 
component recommended for the 2015 southern hemi-
sphere vaccine [1,7]. Our overall interim influenza 
A(H3N2) VE of −22% (90% CI: −66.5 to 10.7) is lower 
than the interim VE against influenza A(H3N2) labora-
tory-confirmed influenza associated with medically 
attended acute respiratory illness reported in the US 
(22% (95% CI: 5 to 35) [2] for a variety of reasons. Most 
importantly, although both Canada and the US have 
experienced early influenza seasons characterised by 

Table 1
Characteristics of laboratory-confirmed influenza cases (n = 600) and test-negative controls (n = 471) included in the interim 
analysis of 2014/15 influenza vaccine effectiveness, Serious Outcomes Surveillance Network of the Canadian Immunization 
Research Network, 15 November–10 January 2015

Characteristics
Cases

n = 600
n (%)a

Controls
n = 471
n (%)a

Total
n = 1,071

n (%)a
P valueb

Mean age (SD); range 77.7 (15.2) years; 18–105 70.9 (16.6) years; 19–101 74.7 (16.2) years; 18–105 < 0.001
Age group
16–49 years 42 (7.0) 55 (11.7) 97 (9.1)

< 0.001
50–64 years 41 (6.8) 79 (16.8) 120 (11.2)
65–75 years 104 (17.3) 126 (26.8) 230 (21.5)
> 75 years 413 (68.8) 211 (44.8) 624 (58.3)
Sex
Female 325 (54.2) 248 (52.7) 573 (53.5) 0.62
Inclusion criteria at enrolment 
Pneumonia 179 (29.8) 223 (47.3) 402 (37.5) < 0.001
Acute exacerbation of COPD or asthma 82 (13.7) 121 (25.7) 203 (19.0) < 0.001
Unexplained sepsis 15 (2.5) 25 (5.3) 40 (3.7) 0.02
Any other acute respiratory illnessc 414 (69.0) 188 (39.9) 602 (56.2) < 0.001
Invasive pneumococcal disease 1 (0.2) 6 (1.3) 7 (0.7) 0.05
One or more medical comorbiditiesd 512/527 (97.2) 382/394 (97.0) 894/921 (97.1) 0.85
Received 2014/15 influenza vaccinee

All age groups 399 (66.5) 300 (63.7) 699 (65.3) 0.37
16–49 years 13 (31.0) 22 (40.0) 35 (36.1) 0.40
50–64 years 21 (51.2) 44 (55.7) 65 (54.2) 0.70
65–75 years 70 (67.3) 86 (68.3) 156 (67.8) 0.88
> 75 years 295 (71.4) 148 (70.1) 443 (71.0) 0.78
Course in hospitald

Admitted to intensive-care unit 50/497 (10.1) 35/315 (11.1) 85/812 (10.5) 0.64
Required mechanical ventilation 16/377 (4.2) 14/303 (4.6) 30/680 (4.4) 0.85
Died in hospital 28/356 (7.9) 23/237 (9.7) 51/593 (8.6) 0.46

COPD: chronic obstructive pulmonary diseas; SD: standard deviation.
a Unless otherwise indicated.
b Cases vs controls.c Includes those with any other respiratory infection or diagnosis; or any respiratory or influenza-like symptom (e.g. 

dypsnoea, cough, sore throat, myalgia, arthralgia, fever).
d Data on medical comorbidities and course in hospital are reported as rates among those with available data. The denominator represents 

the number of patients from whom this data point was available.
e The denominators are the numbers in the respective age group.
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dominant circulation of influenza A(H3N2), only approx-
imately two thirds of circulating A(H3N2) viruses in the 
US are genetically and antigenically drifted from the 
2014/15 vaccine strain compared with more than 99% 
of circulating strains in Canada [1,2,8]. Both the US 
and Canadian interim VE estimates reported thus far 
have assessed VE against laboratory-confirmed medi-
cally attended acute respiratory illness in the commu-
nity among both children and adults and thus might 
be predicted to be higher than our estimates of VE in 
the prevention of influenza-associated hospitalisation 
in predominantly elderly patients with medical comor-
bidities. While only 14% of cases included in the US 
VE analysis and 16% of cases in the Canadian Sentinel 
Physician Surveillance Network analysis were 65 years 
or older, 69% of our hospitalised cases were over the 
age of 75 years and 97% of adults in our study popu-
lation had medical comorbidities, which put them at 
increased risk of influenza complications [2,3]. Point 
estimates of overall adjusted VE in adults younger than 
65 years of age in our study were more comparable to 
those reported in the US (10.8% in our study vs 16% in 
18–49 year-olds in the US) and in Canada (6% in 20–64 
year-olds), although none of these estimates were sta-
tistically significant [2,3].

Canada last experienced an influenza A(H3N2)-
dominant influenza season in 2012/13. During that 

season, only 47% of hospitalised laboratory-confirmed 
influenza patients in the SOS Network were over the 
age of 75 years and 92% had medical comorbidities, 
compared with 69% of cases over the age of 75 years 
and presence of comorbidities in 97% this year [9]. The 
percentage of patients in 2012/13 requiring admission 
to an intensive-care unit, requiring mechanical ventila-
tion, or dying as a result of influenza was similar to, 
but marginally higher than, the current season (15% 
vs 11%; 9% vs 4%; and 9% vs 8%, respectively), pos-
sibly reflecting reduced intensity of care in the elderly 
individuals this season [9]. During the 2012/13 season, 
VE for the prevention of influenza A(H3N2)-associated 
hospitalisation was 38% [9]. While circulating A(H3N2) 
isolates during the 2012/13 season were antigenically 
similar to the A/Victoria/361/2011 vaccine strain, they 
were antigenically distinct from the egg-adapted vac-
cine strain used in vaccine production, potentially 
accounting for the observed suboptimal VE [10].

As hospital care for adults is provided in more than one 
hospital in most cities across Canada, the population-
base, or catchment, for hospitals participating in the 
SOS Network cannot be readily assessed. We do, how-
ever, assess the representativeness of the cases admit-
ted to SOS Network hospitals by comparing them to all 
hospitalised cases reported to the Public Health Agency 
of Canada through available surveillance mechanisms, 

Table 2
Interim estimates of 2014/15 influenza vaccine effectiveness in the prevention of laboratory-confirmed influenza-related 
hospitalisation in adults from the Serious Outcomes Surveillance Network of the Canadian Immunization Research 
Network, 15 November 2014–January 10, 2015 (n=1,071)

 Cohort Vaccine effectiveness estimate 
% 90% CI 95% CI

Unadjusted 
All strains  
Overall −13.1 −39.9 to  8.5 −45.7 to 12.1
Age ≥ 65 years −5.7 −35.9 to  17.8 −42.6 to 21.6
Age < 65 years 28.5 −13.7 to  55.1 −24.3 to 58.9
Confirmed A(H3N2)
Overall −14.8 −52.8 to 13.8 −61.4 to 18.4
Age ≥ 65 years −9.6 −53.2 to  21.6 −63.4 to 26.5
Age < 65 years 17.6 −53.3 to  55.7 −72.7 to 60.7
Adjusteda 
All strains
Overall −16.8 −48.9 to  8.3 −56.0 to 12.5
Age ≥ 65 years −25.4 −65.0 to 4.6 −73.8 to 9.5
Age < 65 years 10.8 −50.2 to 47.0 −66.0 to 52.1
Confirmed A(H3N2)
Overall −22.0 −66.5 to  10.7 −76.8 to 15.9
Age ≥ 65 years −32.9 −90.0 to 7.0 −103.5 to 13.2
Age < 65 years 7.5 −78.3 to 52.0 −102.2 to 57.7

CI: confidence interval.
a Adjusted for age and presence of one or more medical comorbidities [4].
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most notably, reporting from the provincial and territo-
rial governments. Each season, the strain distribution 
of hospitalised cases enrolled across the SOS Network 
as well as the age distribution, immunisation coverage 
rates, and outcomes is comparable to that reported 
by the Public Health Agency of Canada in Canada’s 
FluWatch, providing reassurance that the estimates of 
VE generated by the SOS Network should be generalis-
able in Canada.

Our findings are subject to several limitations. Because 
large numbers of patients are needed to demonstrate 
statistical significance when VE estimates are low, our 
estimates of VE in adults are imprecise and it is possi-
ble that low, but statistically significant, effectiveness 
of the 2014/15 vaccine is expected to be demonstrated 
as the accumulated sample size grows during the 
remainder of the influenza season. Because the influ-
enza season thus far has been characterised by almost 
exclusive circulation of a drifted influenza A(H3N2) 
virus in Canada, it is possible that end-of-season VE 
estimates may differ if circulation of influenza A(H1N1) 
or influenza B viruses occurs later this season. Limited 
characterisation of influenza A(H1N1) and influenza B 
strains circulating in Canada thus far suggest a good 
match to vaccine strains [1]; thus vaccine recipients 
may still benefit from protection against these strains 
should they begin to circulate later in the season. In 
that case, fully adjusted end-of-season VE estimates 
may be higher than our interim estimates. Because 
estimates have not yet been fully adjusted for a variety 
of potential confounding factors particularly important 
for elderly patients (e.g. frailty) and a final analysis 
using a matched case–control design in which cases 
will be matched with controls by hospital site, age 
strata (< 65 years vs ≥ 65 years) and date of admission 
has not yet been performed, the final matched and 
fully adjusted estimates might differ from the interim 
partially adjusted estimates presented here. Matching 
is not feasible at the stage of the interim analysis and is 
therefore conducted as an unmatched analysis. Finally, 
because for some subjects contributing to the current 
interim estimates, the self-reported influenza immuni-
sation status could not be verified using the immuni-
sation provider or an immunisation registry, it cannot 
be fully excluded that some misclassification may 
have occurred. However, based on our experiences in 
prior seasons, there is high concordance between self-
report and provider-reported immunisation status, so 
the expected impact of misclassification is expected to 
be very low.

Using data from 15 November to 10 January 2015, the 
demonstrated lack of effectiveness of the 2014/15 sea-
sonal influenza vaccines for the prevention of influ-
enza-associated hospitalizations in adults, particularly 
in adults over the age of 65 years, highlights the impor-
tance of employing additional strategies to control and 
prevent the spread of influenza, such as frequent hand 
cleansing, encouraging people to stay home when sick 
and encouraging proper cough etiquette. Furthermore, 

it is critical that healthcare providers consider a diag-
nosis of influenza in all patients presenting with acute 
respiratory illness irrespective of immunisation his-
tory and test patients for influenza as appropriate. 
Healthcare providers should be aware that hospital-
ised adults with laboratory-confirmed influenza fre-
quently do not present with influenza-like-illness [11]. 
Thus, they should test for influenza and implement 
contact and droplet precautions for all patients being 
admitted to hospitals with an acute respiratory illness 
during the influenza season while awaiting results, in 
order to minimise nosocomial influenza transmission.

Appropriate use of antiviral medication in the treat-
ment of suspected cases of influenza is critical in 
seasons characterised by a low VE, such as the cur-
rent season in Canada. In order to reduce severe com-
plications such as hospitalisation and potential death 
among vulnerable individuals, the Association of 
Medical Microbiology and Infectious Disease Canada 
recommends the prompt use of neuraminidase inhibi-
tors (oseltamivir or zanamivir) in hospitalised patients, 
patients with progressive, severe or complicated dis-
ease, and patients at high risk of complications from 
influenza regardless of their vaccination status [12]. 
Because the benefit of treatment with antiviral medica-
tions is maximal when treatment is started early in the 
course of illness, ideally within 48 hours of symptom 
onset, healthcare providers should maintain a high 
index of suspicion of influenza in patients present-
ing with acute respiratory illness, irrespective of their 
immunisation status, and should start antivirals empir-
ically while awaiting influenza testing [12].

While the relationship between vaccine strain and cir-
culating strain mismatch is not fully understood and 
variable effectiveness by match has been observed in 
past seasons, the suboptimal VE observed in the cur-
rent season and in prior seasons with significant mis-
match between circulating viruses and vaccine strains 
reflects, at least in part, the challenge in current vac-
cine technologies, which require determination of the 
vaccine composition months ahead of the influenza 
season and highlights the urgent need for the con-
tinued development of new vaccine technologies [7]. 
Stakeholders must continue to refine key elements 
that must be considered to optimise vaccine strain 
selection and vaccine manufacturers should strive to 
improve vaccine formulations to optimise cross-pro-
tection, particularly for influenza A(H3N2) viruses [13]. 
While influenza vaccination remains the most impor-
tant means of preventing influenza, ongoing assess-
ment of VE and provision of mid-season VE estimates 
for the prevention of influenza-related hospitalisa-
tion in adults is critical to understanding the periodic 
impact of circulating and vaccine strain mismatch on 
vaccine performance and to inform public health com-
munication with respect to adjunctive preventive strat-
egies, particularly in years of suboptimal VE. 
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A simple genotyping method was developed and 
validated for all known Chlamydia psittaci reference 
genotypes. C. psittaci is currently divided into nine 
genotypes (A-F, E/B, M56 and WC), all more or less 
associated with the preferred avian host. This method 
targeting variable domain 4 of the ompA gene has a 
lowest detection limit of 1 to 10 copies per PCR and 
was applied to 69 human samples collected in nine 
hospitals in the Netherlands from September 2008 
until the end of October 2013. Genotype A was the 
most prevalent genotype. In addition, genotypes B, C, 
a new genotype, and C. abortus were found. A C. caviae 
infection was detected as a result of extension of this 
surveillance study to the national level. The sensitivity 
of this method compared with our real-time diagnostic 
PCR was 0.98 (66/67 typable samples). Specificity was 
1.0 based on 33 commonly encountered bacterial and 
yeast species and 20 human respiratory samples. This 
typing method could help monitor C. psittaci infec-
tions in humans and provides insight into the relation-
ships between notified human ‘psittacosis’ cases and 
the probable avian and other animal sources. When 
needed, a result can be obtained within 24 hours.

Introduction
Psittacosis, a notifiable disease in many countries, 
is caused by Chlamydia psittaci (also known as 
Chlamydophila psittaci). Clinical signs of psittacosis 
range from none to life-threatening disease requiring 
admission to intensive care. In 1999, Everett et al. pro-
posed splitting the single genus Chlamydia into two 
genera, Chlamydia and Chlamydophila, based on clus-
tering analyses of the 16S rRNA and 23S rRNA genes [1]. 
However, taxonomic separation of the genus based on 
ribosomal sequences is not consistent with the natural 
history of the organism as revealed by recent genome 
comparisons. Consequently, the proposal was made to 

reunite the Chlamydia in a single genus [2]. The single 
genus nomenclature was published in the latest edi-
tion of the Bergey’s Manual of Systematic Bacteriology 
[3]. C. psittaci is currently divided into nine genotypes 
(A-F, E/B, M56 and WC), all more or less associated 
with the preferred avian host in each case.

The genotypes WC and M56 have been found in cat-
tle and a muskrat, respectively, and are probably not 
associated with birds [4]. Genotype A is associated 
with Psittaciformes (cockatoos, parrots, parakeets, 
lories), B with Columbiformes (doves and pigeons), C 
with Anseriformes (mainly ducks and geese) and D 
with turkeys. Genotype E is the most diverse; ca 20% 
of strains were isolated from pigeons, but genotype E 
has also been found in ratites. Genotype E/B is mainly 
associated with ducks. Genotype F is encountered 
rarely in Psittaciformes and Turkeys [5]. C. psittaci, 
together with the closely related C. abortus, has also 
been found in cattle [6]. The role of these mammals 
as vectors of zoonotic Chlamydia spp. infections still 
needs to be established.

For epidemiologic purposes, characterisation of  
C. psittaci in human samples provides knowledge on 
the most prevalent genotypes in human infections, 
infers probable avian sources and aids in the process 
of notification, surveillance and outbreak manage-
ment. For decades, the diagnosis has been based 
on serological tests. In the past decade, diagnostic  
C. psittaci PCR assays were developed and introduced 
in the clinical setting. In the Netherlands this aided 
the diagnostic process for suspected psittacosis cases 
[7,8]. One of the advantages of the PCR approach over 
serological testing is the presence of C. psittaci DNA 
in these clinical samples. These samples are therefore 
suitable for further genotyping assays. Genotyping 
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can be done by real-time PCR with competitor probes 
[9], melting curve analysis [10], MLVA [11], MLST [4], 
microarray or other sequence analysis [12]. Previously, 
a sequencing-based approach aimed at the outer mem-
brane protein gene (ompA) was successful on human 
clinical samples, but the method proved laborious and 
was not very sensitive, mainly owing to the relatively 
long PCR product and abundant side products [13].

Culturing of C. psittaci could provide sufficient DNA 
for more in-depth typing methods such as MLVA or 
MLST. However, culturing is hampered by limited 
sensitivity, previous antibiotic use and the neces-
sarily strict biosafety regulations. When culturing  
C. psittaci, biosafety level 3 precautions are needed. 
Nowadays, C. psittaci is only cultured in a few special-
ised laboratories.

None of the above typing methods has been evaluated 
on more than a handful of human samples. Even in a 
recently described outbreak of psittacosis in Sweden, 
only four of 12 available human samples could be 
typed [14]. In this study, we describe a new simple typ-
ing method for C. psittaci based on variable domain 4 
(VD4) of the ompA gene. It does not require any special-
ised equipment other than a real-time PCR cycler and a 
(remote) sequencing facility. This method was applied 
directly on human samples positive for C. psittaci.

Methods

Bacterial strains and control DNA
C. psittaci genotypes A-F, E/B, M56 and WC were used 
as positive controls. The following strains were used: 
Genotype A: Orni (human), Genotype B: CP3 (pigeon), 
Genotype C: GR9 (German duck), Genotype D: NJ1 (New 
Jersey turkey), Genotype E: CPMN (human), Genotype F: 
VS225 (parakeet), Genotype E/B: WS/RT/E30 (German 
duck), Genotype M56 (muskrat), Genotype WC (Bos tau-
rus). A quantified (15,000 copies per µl) commercially 
available C. psittaci DNA (Amplirun C. psittaci genotype 
A control, Vircell, Granada, Spain) control was used 
for determination of the lower limit of detection. The 
new assay was evaluated with the  Quality Control 
for Molecular Diagnostics (QCMD, Glasgow, Scotland) 
External Quality Assessment (EQA) pilot panel for  
C. psittaci 2013 (CPS13).

The following strains and samples were used for speci-
ficity testing: 27 ATCC (American type culture collec-
tion) strains, one NCTC (National Collection of Type 
Cultures, Public Health England) strain and three Dutch 
quality control (SKML; Dutch Foundation for Quality 
Assessment in Medical Laboratories) strains, as well as 
QCMD EQA Mycoplasma pneumoniae/Chlamydia pneu-
moniae panel CP.MP13 samples 09 and 05 containing 
C. pneumoniae and M. pneumoniae DNA (Table 1).

Clinical samples and DNA extraction
For specificity testing, 20 respiratory samples negative 
for C. psittaci DNA were tested with the newly devel-
oped typing method.

Clinical samples (sputa, bronchoalveolar lavage fluid, 
(naso)pharyngeal swabs and serum) positive in diag-
nostic C. psittaci PCRs were obtained from nine hos-
pital laboratories from the Netherlands. Most of these 
laboratories use real-time PCRs that detect, but do not 
differentiate, at least C. psittaci and C. abortus and 
sometimes also C. caviae and C. felis [7,8]. This means 
that clinical samples could contain these very closely 
related species as well. Nucleic acid purification was 
performed at the nine Dutch laboratories with the 
Magnapure (Roche Diagnostics), EasyMag (BioMérieux) 
or Versant kPCR Molecular system (Siemens Healthcare 
Diagnostics). Two clinical samples were obtained from 
Scotland and related to a previously reported outbreak 
[15]. Clinical samples and/or eluates were sent to the 
Orbis Medical Centre in the Netherlands for further 
analysis. Archived samples were collected from 2008 
to 2012. Since September 2012, the typing method has 
been implemented nationally and samples have pro-
spectively been typed and reported to submitting labo-
ratories and public health authorities.

For validation experiments, nucleic acids were purified 
with the Versant kPCR Molecular system using Sample 
Preparation (SP) Kit 1.0 with SP protocol 250 µl sam-
ple input and 100 µl eluate output (Siemens Healthcare 
Diagnostics). All positive control strains were spiked 
with a background of pooled C. psittaci-negative spu-
tum samples to simulate the diagnostic setting as close 
as possible. QCMD samples were processed according 
to the accompanying instructions.
 
This research was submitted for consideration to our 
local accredited medical ethical research committee 
METC Atrium-Orbis-Zuyd. According to this commit-
tee, this research does not fall under the scope of 
the Medical Research Involving Human Subjects Act. 
All prospective samples were obtained for diagnostic 
use and handled accordingly. Retrospective samples 
were analysed anonymously to the extent reasonably 
possible.

PCR based on variable domain 4 of the ompA 
gene
With the aid of Primer3Plus, a new primer set was 
developed to include a variable part of the ompA, the 
VD4 domain [16]. The amplified VD4 sequence per-
mits differentiation of at least nine C. psittaci geno-
types (A-F and E/B) and the closely related C. abortus. 
The primer set was verified with in-silico amplifica-
tion [17] and revealed positive results for available  
C. psittaci genomes and C. abortus S26/3 only (set-
ting: ‘maximum two mismatches allowed’). The primer 
set consisted of CPVDF 5’–GTC AAG AGC AAC TTT TGA 
TGC–3’ and CPVDR 5’–ATT TTG TTG ATC TGA ATC GAA 
GC–3’ (nucleotide positions CPVDF 897-917 and CPVDR 
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1,057-1,079 of the ompA gene of the C. psittaci VS1 
strain, GenBank accession number AY762608). A frag-
ment between 174 and 183 base pairs, depending on 
the genotype, is amplified. C. caviae primers were con-
structed by substituting five nucleotides in the above 
primer pair to obtain complete homology with the C. 
caviae VD4 sequence. CCVDF 5’–GTC CAG AGC TAC ATT 
TGA TGC–3’ and CCVDR 5’–ATT TTG TTG ATT TGA AGC 
GAA GC–3’. C. caviae species confirmation was done 
by PCR high-resolution melting (HRM) curve analysis 
as described by Robertson et al., using DNA of the  
C. caviae reference strain (GPIC) as positive control 
[18].

Reactions for the VD4 PCR were performed in the 
Stratagene MX3005P QPCR system (incorporated in the 
Siemens Versant kPCR system). The uracil-N-glycosy-
lase system (UNG) was used to prevent false-positive 
reactions due to amplicon carry over. After optimisa-
tion, the final reaction volume (25 µl) included 5 μl 
eluate, 12.5 µl (2x) Greenmaster qPCR mix with ROX 
reference dye, uracil-N-glycosylase (Jena biosciences, 
Jena, Germany) and 0.5 μM of each primer. The real-
time PCR steps were as follows: 1) 50 °C for 2 min, 2) 
95 °C for 3 min, 3) 40 cycles of 95 °C for 5 sec, and 60 °C 
for 60 sec. Fluorescence was detected in the FAM chan-
nel and normalised on the ROX signal. Subsequently, 
a dissociation curve was generated by continuous 
fluorescence acquisition from 60 to 95 °C to observe 
possible additional PCR products and establish the 
formation of the expected PCR amplicon by determin-
ing the melting temperature (Tm). At first, all reference 
genotypes were used as positive controls in each run. 
For ease of application, we decided later to use only 
three genotypes (A, C and D) as controls.

Validation of the VD4 PCR
Analytical sensitivity was determined by testing 10-fold 
dilutions of the commercially available Amplirun  
C. psittaci genomic DNA control starting from 104 
genome equivalents per PCR reaction. Serial dilutions 
were prepared in Tris/EDTA buffer, pH 8.0, supple-
mented with 20 ng/µl salmon sperm DNA). Reactions 
were performed in triplicate. Limiting dilutions were 
tested with and without previous nucleic acid extrac-
tion. When applying nucleic acid extraction, a matrix of 
C. psittaci DNA-negative, pooled and liquefied sputum 
samples was used. Sequence analysis was performed 
only on the lowest positive dilution series to confirm 
the identity of the positive control strain. For compari-
son, all dilutions were also tested with the previously 
described full-length ompA PCR and the diagnostic 
PCR [7,13].

Specificity was determined on a panel of bacterial and 
yeast species commonly encountered in human (res-
piratory) specimens (Table 1). Strains were diluted to 
a 0.5 McFarland standard turbidity equivalent to ca 108 
colony-forming units (CFU)/ml, and 250 µl of this sus-
pension was subsequently subjected to nucleic acids 
purification. Diagnostic specificity was tested using 20 

human respiratory samples, previously tested nega-
tive for C. psittaci DNA by our previously described C. 
psittaci PCR [7]. Clinical sensitivity was determined on 
all C. psittaci PCR-positive clinical samples sent to our 
laboratory with a request for genotyping.

Sequence analysis
Sequence analysis was performed by an external 
Sanger sequencing facility (Baseclear BV, Leiden, 
the Netherlands). A 1:10 dilution of the amplification 
product in PCR-grade water was added to the forward 
or reverse primer with a final primer concentration 

Table 1
Strains used for specificity testing of the Chlamydia 
psittaci VD4 PCR (n=33)

Species Straina VD4 PCR
Klebsiella pneumoniae ATCC 700603 negative
Klebsiella pneumoniae ATCC 13883 negative
Streptococcus pyogenes ATCC 19615 negative
Streptococcus pneumoniae ATCC 6303 negative
Streptococcus agalactiae SKML 1905 negative
Staphylococcus aureus ATCC 25923 negative
Staphylococcus aureus ATCC 29213 negative
Staphylococcus epidermidis ATCC 12228 negative
Staphylococcus aureus 
(meticillin-resistant) ATCC 43300 negative

Enterococcus faecalis ATCC 29212 negative
Enterococcus faecium ATCC 35667 negative
Moraxella catarrhalis SKML 967 negative
Haemophilus parainfluenzae ATCC 7901 negative
Haemophilus influenzae ATCC 35056 negative
Neisseria meningitidis ATCC 13090 negative
Legionella pneumophila SKML 2013 negative
Bacillus cereus ATCC 11778 negative
Enterobacter aerogenes ATCC 35028 negative
Proteus vulgaris ATCC 13315 negative
Proteus mirabilis NCTC 10975 negative
Escherichia coli ATCC 25922 negative
Pseudomonas aeruginosa ATCC 27853 negative
Burkholderia cepacia ATCC 25416 negative
Bacteroides fragilis ATCC 25285 negative
Peptostreptococcus anaerobius ATCC 27337 negative
Prevotella melaninogenica ATCC 25845 negative
Bacteroides thetaiotaomicron ATCC 29741 negative
Candida albicans ATCC 90028 negative
Candida tropicalis ATCC 13803 negative
Candida krusei ATCC 6258 negative
Candida glabrata ATCC 90030 negative
Mycoplasma pneumoniae QCMD CPMP13–09 negative
Chlamydia pneumoniae QCMD CPMP13–05 negative

a  ATCC: American Type Culture Collection; NCTC: national 
collection of type cultures; QCMD: external quality assessment 
samples; SKML: Dutch quality control assessment strains.
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of 1 pmol/µl. Sequences were delivered by email as 
original peak plots. The forward and reverse overlap-
ping sequences were edited to obtain the complete 
sequence. Alignment and calculation of a similarity 
index p-distance was done with MEGA 5.1 [19]. The 
newly discovered VD4 genotype was subjected to com-
plete ompA sequencing as previously described [13]. A 
phylogenetic tree was constructed using the neighbor-
joining method. Reference ompA genotype sequences 
A-F, E/B and C. abortus (strain S26/3) available in the 
GenBank database (accession numbers AY762608–12 
and AF269261) were included in this analysis.

Data acquisition and descriptive statistics
Systematically collected data concerning notified 
human cases from September 2008 until the end of 
October 2013 were obtained anonymously from the 
national database for notifiable diseases at the Dutch 
Centre for Infectious Disease Control as far as possi-
ble. Age, sex, hospital admission, mortality, probable 
country of acquisition and suspected source of infec-
tion were noted. Occasionally, additional information 
was provided on submitted laboratory forms or pro-
vided via personal communication.

Results

Validation of the VD4 PCR
The newly designed primer set allowed for amplifica-
tion of ompA VD4 regions of all nine C. psittaci refer-
ence strains. The lowest detection limit was 1 to 10 
copies per PCR (Table 2). In a background of sputum, 
sensitivity was slightly lower, but still 10 to 100 cop-
ies per PCR. Dissociation curves showed only one PCR 
amplification product for each genotype. The geno-
types were visible as dissociation peaks with Tm’s 
ranging from 79 to 83 °C. Several replicates of the ref-
erence genotypes showed overlap between the Tm of 

the different genotypes. It was not possible to sepa-
rate each genotype solely by Tm. The CPS13 panel was 
tested during validation and all truly positive samples 
were detected, and all negative samples were cor-
rectly identified as well. Specificity was 100% based 
on 33 commonly encountered bacterial and yeast spe-
cies and 20 human respiratory samples. Sixty-nine C. 
psittaci real-time PCR-positive samples from 66 human 
individuals were available for typing. The expected 
amplification product was obtained in 66 of 69 vail-
able human samples. The Ct values (quantification 
cycle) of these clinical samples ranged from 22 to 38 
cycles. Three of 69 samples were negative in the VD4-
PCR. Two of them contained C. caviae (see below), leav-
ing only one of the remaining 67 samples untypable. 
Overall, the sensitivity of this method compared with 
our real-time diagnostic PCR was 98% (66 genotypes 
from 67 typable samples).

In our hands, the method (excluding technician costs) 
costs ca EUR 22 per sample. This includes four PCR 
controls per run, nucleic acid extraction, PCR reagent 
and two sequence reactions. When needed, a typing 
result can be obtained within 24 hours.

Sequence analysis and distribution of 
genotypes
During validation, the Amplirun C. psittaci genomic DNA 
control (only on the lowest positive dilution series), all 
reference strains and the CPS13 panel were success-
fully sequenced. All 66 VD4 PCR-positive clinical sam-
ples were sequenced revealing C. psittaci genotype A 
in 42 samples. Genotype B was found in 14 samples, 
E/B was found in two samples and genotype C in one 
sample.

Four samples revealed a new identical sequence type. 
Sequence analysis showed this strain to be a unique 

Table 2
Lower detection limit of the Chlamydia psittaci VD4 PCR and comparison with the diagnostic PCR and the previously 
described full-length ompA PCR 

Copies/PCR
Diagnostic PCR VD4 PCR Full-length ompA 

PCR Diagnostic PCR VD4 PCR Full-length ompA 
PCR

without nucleic acid extraction with nucleic acid extractiona

10,000 3/3 3/3 3/3 Not done Not done Not done
1,000 3/3 3/3 3/3 3/3 3/3 3/3
100 3/3 3/3 3/3b 3/3 3/3 3/3c

10 3/3 3/3 0/3 1/3 2/3 0/3
1 3/3 2/3 0/3 0/3 0/3 0/3
0.1 0/3 0/3 Not done 0/3 0/3 Not done
Negative control Negative Negative Negative Negative Negative Negative

Results shown as number of positive samples vs number of samples tested.

a  Nucleic acid extraction of the dilution series in a background of C. psittaci DNA-negative pooled and liquefied sputum.
b  All three weak reactions.
c  One of three was a weak reaction.
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ompA genotype with homology to the ompA of both 
genotype C and D. In the similarity calculation the 
sequence was most similar to reference genotype C 
strain (95% and 86% similarity to the ompA VD4 of 
genotype C and D respectively). These four samples 
were subjected to full-length ompA sequence analy-
sis including all four variable domains. Full-length 
ompA could only be obtained for two of the four sam-
ples. These two full-length ompA sequences revealed 
an identical but new genotype in both samples. The 
sequence was submitted to the EMBL nucleotide 
sequence database and assigned reference number 
HE687292. The Figure shows the phylogentic rela-
tionships between the new genotype and genotypes 
A–F and E/B. BLAST search did not reveal an identi-
cal sequence. Phylogenetic analysis showed the ompA 
gene of this strain to be most similar to that of the C. 
psittaci genotype C (96% homologous to genotype C) 
but still discordant in 37 nucleotides resulting in nine 
different amino acids.

Chlamydia caviae and Chlamydia abortus
One sample contained C. abortus. Two VD4 PCR-
negative samples from another patient were suspected 
to contain C. caviae DNA rather than C. psittaci DNA. 
This assumption was based on information from public 
health officials, who told us that the patient showed 
clinical symptoms after purchasing guinea pigs.  
C. caviae was indeed detected by use of C. caviae-spe-
cific primers and subsequent sequence analysis of the 
amplified ompA VD4 gene region. Both samples were 
also analysed by a PCR-HRM and confirmed positive for 
C. caviae.

Descriptive epidemiology
For 54 of the 66 PCR-positive patients, data were 
available in the national notification database. 

Characteristics associated with infection with either 
genotype A or B are presented in Table 3.
Among all 54 cases, men predominated, one death 
was reported and all were admitted to hospital. One 
person probably acquired the infection outside of 
the Netherlands. Exposure to Psittaciformes and 
Passeriformes was reported for patients harbouring 
genotype A, while exposure to Columbiformes pre-
dominated among patients harbouring genotype B. 
Remarkable is the large proportion of genotype A 
cases in the first half of the year: 31 cases vs six in the 
second half (Table 3).

Figure 
Phylogenetic tree displaying the Chlamydia psittaci ompA 
sequence HE687292 in relation to reference genotypes A–F 
and E/B

Neighbor-joining method, Jukes-Cantor model, using 1,000 
bootstraps created with MEGA.
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Table 3
Characteristics of notified patients harbouring Chlamydia 
psittaci genotype A and B, the Netherlands, 2008 to 2013 
(n = 50)

Genotype A (n = 37) B (n = 13)
Age in years: median (IQR) 63 (51 – 72) 70 (62 – 73)
Sex (male) 27 11 
Deaths 1 0 
Probable source of infection (location)a

Home 21 10 
Bird show 4 0
Bird dealer/bird dealing company 3 0
Pet shop 2 1 
Public resort 1 0
Abroad (farm) 0 1 
Unknown/not reported 10 2
Probable source of infection (type of bird)a

Columbiformes 0 10 
    Captive 0 8 
    Wild 0 3 
Psittaciformesb 8 0
Passeriformesc 5 0
Anseriformes (duck) 0 1 
Galliformes (pheasant) 1 0
Unofficial bird groups 0 0
    Poultry 3 2 
    Wild, free ranging birds 3 0
    Aviary birds 6 0
Unknown/not reported 15 1 
Date of disease onset 
First quarter 17 3 
Second quarter 14 2 
Third quarter 4 6 
Fourth quarter 2 2 

a  More than one source could be noted.
b  Four parakeets, one parrot, one cockatiel, one budgerigar, one 

unidentified parrot-like bird.
c  Two zebra finches, one canary, one jay, one siskin.
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C. abortus was found in one patient. This patient, suf-
fering from severe pneumonia requiring admission to 
an intensive care unit, was living on a farm raising 
sheep and goats [20]. The C. caviae-positive patient 
was only diagnosed because an extensive diagnostic 
investigation took place for sepsis of unknown ori-
gin, revealing psittacosis as the most likely diagnosis. 
The patient had recently purchased two young guinea 
pigs before becoming ill [21]. The new unique ompA 
sequence was found in four cases. In none of the four 
could a direct link to specific birds be found, although 
one of the infected people was a volunteer working 
with and exposed to many different kinds of birds. One 
case with a genotype C infection was detected. This 
case was related to a bird hospital.

Discussion
In this study, we present a simple, sensitive and cheap 
genotyping method to detect C. psittaci genotypes (A-F, 
E/B,WC,M56) and the closely related species C. abor-
tus. The sensitivity of 98% compared with our real-time 
diagnostic PCR and a specificity of 100% were satisfac-
tory. A result can be obtained in ca 24 hours. The lower 
detection limit of the VD4 PCR (at least 10 copies per 
reaction) is very sensitive and comparable to previously 
used C. psittaci ompA typing methods [9]. Geens et al. 
required separate PCR reactions for each genotype 
while our method is a singleplex format [9]. Although 
the VD4 PCR was validated in only one laboratory, we 
were still able to detect the genotype in 66 of 67 typa-
ble samples sent from across the Netherlands.

Although the dissociation curve analyses could roughly 
separate the C. psittaci reference strains used in this 
study, this method was not accurate enough on its 
own. In particular, overlap occurred in the Tm for geno-
types A, B, E and E/B. Mitchell et al., using dedicated 
equipment for high-resolution melting curve analysis, 
also found 21% of their tested positive samples to be 
untypable owing to inconclusive melting curve data 
[10].

To the best of our knowledge, the current study charac-
terises the largest series of human-derived psittacosis 
strains described to date. In the past we had analysed 
a limited number of 10 human strains originating from 
psittacosis outbreaks and sporadic cases. As in the 
present study, genotype A was the most prevalent 
strain [13]. Recently, an outbreak of psittacosis was 
described in Sweden. Twelve samples were available 
for ompA genotyping but sequencing of the ompA was 
successful in only four of them [14]. It should be noted 
that many C. psittaci typing methods described pre-
viously included hardly any human clinical samples 
[4,9-12]. They were validated mainly on bird samples 
or cultured strains. Validation on human samples is 
needed because the clinical matrix (for example spu-
tum and bronchoalveolar lavage fluids) and the bac-
terial load can differ substantially between birds and 
humans.

Many of the genotype A-positive samples were 
obtained in spring 2011, during a period of increased 
psittacosis notifications. It seems that this temporary 
increase was in part due to these genotype A strains. A 
similar observation was described recently by Rehn et 
al. who reported a threefold increase in notified psitta-
cosis cases from January to April 2013 [14]. A matched 
case–control study showed that cases were more likely 
than controls to have been cleaning bird feeders or 
were exposed to bird droppings in other ways.

Until now, a source for this temporary increase in the 
Netherlands of psittacosis notifications in Spring 2011 
has not been found. This clearly emphasises the need 
for genotyping C. psittaci strains in human samples 
prospectively, as it could provide earlier information 
on probable avian sources, allowing for appropriate 
outbreak control measures. In the spring of 2013, the 
same effect was seen, albeit on a smaller scale. Within 
three months, eight people were infected with C. psit-
taci genotype A. Three of these eight were traced back 
to a bird show. Bird shows present a zoonotic risk. 
Visitors can be infected during their visit or after-
wards as psittacine and passeriforme birds are often 
traded and disseminated at such events which are 
mainly held in the spring. In our dataset, genotype A 
strains were more prominently found in the first half 
of the year. Genotype A is most often associated with 
Psittaciformes. This genotype is highly virulent for these 
birds, which excrete the bacterium in large amounts for 
long periods of time [5]. This might be one of the rea-
sons of the high virulence in humans. The high propor-
tion of genotype A could possibly be related to more 
intensive exposure to the main bird source of these 
genotypes (Psittaciformes). These birds are frequently 
kept as pets inside the house, while birds harbouring 
the other genotypes more often live outside a person’s 
home. Remarkable is the exposure to Passeriformes in 
patients harbouring genotype A strains, possibly also 
due to exposure to these birds as pets. Analysis of the 
fluctuations in genotypes and possible causes should 
be a subject of ongoing surveillance. Genotype B is 
mainly associated with Columbiformes. In this sample 
set, we found 14 such strains. Previous research also 
determined genotype B to be the second most preva-
lent genotype in humans [13].

Four patients were infected with a new C. psittaci 
ompA VD4 genotype, showing the highest ompA VD4 
sequence homology with the genotype C GR9 strain. 
Full-length ompA could only be obtained for two of 
these four cases, underlining the lack of sensitivity of 
this typing method. The DNA and amino acid sequence 
of the full-length ompA/MOMP of this strain confirmed 
its unique sequence as we could not find a single 
match by BLAST. This raises the question of which 
birds or animals host these strains. Two of the samples 
were obtained in the context of a previously described 
outbreak in which a bird source could not be identified 
[15].
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C. abortus was found in one patient. In the Netherlands, 
C. abortus is known to be endemic in sheep and goats 
[22]. Human C. abortus infections have been described. 
The infection can cause severe septic shock and fetal 
loss in pregnant women [23-25]. In most cases, testing 
for psittacosis is only performed when medical history 
reveals obvious bird contact. Therefore underestima-
tion of these pulmonary C. abortus cases is quite likely. 
The same is true for the C. caviae-positive patient. It 
was only due to the sepsis of unknown origin that an 
extensive diagnostic investigation was done, reveal-
ing psittacosis as the most likely diagnosis based on a 
positive PCR of the conserved domain of ompA (which 
besides C. psittaci, also detects C. felis, C. caviae, and 
C. abortus). The discrepancy of this positive diagnos-
tic PCR and the negative VD4 PCR led us to consider  
C. caviae as the cause of this infection, which was con-
firmed by molecular characterisation. Knowledge on 
the zoonotic potential of C. caviae is limited and until 
now, C. caviae has not been linked to fulminant sepsis 
in humans [26-28].

Human medicine should be aware of the zoonotic 
potential of Chlamydia as there is accumulating evi-
dence that these species are more abundant in animals 
than previously assumed [6]. These cases also stress 
the need for close collaboration of physicians, medical 
microbiologists and public health officials involved in 
the notification process, as crucial information such 
as potential animal reservoirs with their associated 
Chlamydia can be missed. The distribution of geno-
types in human hosts as found in this study should 
be carefully considered with respect to geographi-
cal location. The local fauna could be relevant when 
interpreting the results, and extrapolating them to 
other countries is probably premature. The interaction 
between human behaviour (urban vs rural) and the pre-
sent wild bird species (tropical vs non-tropical) could 
influence local epidemiology. Accidental introduction 
of invasive, exotic pet bird species or invasion of for-
eign bird species could create a niche for certain geno-
types, including genotypes not present in this study, 
and lead to unexpected increases in psittacosis cases 
[29].

In conclusion, this study shows that genotype A and 
B were the most prevalent causative strains of human 
psittacosis in the Netherlands. Psittacosis is a clini-
cal syndrome caused by diverse C. psittaci genotypes, 
but typing results suggest that the clinical signs and 
symptoms are quite similar to closely related zoonotic 
C. abortus and C. caviae infections. The discovery of a 
unique ompA sequence points to currently unknown 
links between human cases and avian or other animal 
reservoirs.

Accession number
The EMBL accession number for the newly described 
Chlamydia psittaci genotype is HE687292.
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