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Preliminary results for the 2014/15 season indicate low 
to null effect of vaccination against influenza A(H3N2)-
related disease. As of week 5 2015, there have been 
1,136 hospital admissions, 210 were due to influenza 
and 98% of subtype A strains were H3. Adjusted influ-
enza vaccine effectiveness was 33% (range: 6–53%) 
overall and 40% (range: 13% to 59%) in those 65 years 
and older. Vaccination reduced by 44% (28–68%) the 
probability of admission with influenza.

Introduction
The 2014/15 influenza season in the northern hemi-
sphere is characterised by the circulation of A(H3N2) 
viruses belonging to clade 3C.2a and 3C.3a, distinct 
from the A/Texas/50/2012(H3N2)-like (clade 3C.1) ref-
erence strain used in the 2014/15 northern hemisphere 
vaccine [1]. Preliminary influenza vaccine effectiveness 
(IVE) estimates from Canada [2,3] and Europe [4], report 
a null effect of the current vaccine in preventing labo-
ratory-confirmed influenza A(H3N2) with 3.4% (95% 
confidence interval: (−44.8 to 35.5) against medically 
attended acute respiratory infection (ARI) and −16.8% 
(−48.9 to 8.3) against hospital admissions. Early esti-
mates from the United States (US) [5], reported a low 

effect of 23% (8–36%) against medically attended ARI 
associated with laboratory-confirmed influenza.

An active annual surveillance scheme in the Valencia 
Region in Spain monitors IVE in preventing laboratory-
confirmed influenza requiring hospitalisation [6]. In 
the current season, a split trivalent vaccine (Vaxigrip; 
SANOFI PASTEUR MSD, S.A. Madrid, Spain) was 
acquired by public tender and offered free of charge to 
non-institutionalised people targeted for influenza vac-
cination because of age or the presence of comorbidity 
[7].

We report 2014/15 influenza IVE in preventing lab-
oratory-confirmed influenza admissions in patients 
admitted during the first eight weeks of the 2014/15 
influenza season, from 7 December 2014 to 25 January 
2015.

Methods
We performed a test-negative study in 10 hospitals 
that provide healthcare to 48% of the 4,937,044 inhab-
itants of Valencia. The influenza season began in week 
50 2014 (Figure 1), as defined by two or more positive 
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influenza hospitalisations identified in two consecu-
tive weeks.

Study procedures have been published [6]. Study staff 
screened emergency admissions for eligible subjects. 
Patients were included after written consent if they 
reported symptoms of influenza-like illness (ILI) [8] 
within seven days of admission. We collected a com-
bined nasopharyngeal and pharyngeal flocked swab 
and sociodemographic and clinical information. A 
patient was considered immunised if they had received 
influenza vaccine more than 14 days before the onset 
of ILI (as recorded by the Vaccine Information System 
or by recall).

Laboratory confirmation was by semiquantitative 
reverse-transcription polymerase chain reaction. The 
specimens were tested in a centralised virology labo-
ratory at Fundación para el Fomento de la Investigación 
Sanitaria y Biomédica (the Foundation for the Promotion 
of Health and Biomedical Research; FISABIO) following 
the World Health Organization (WHO) protocol [9].

Influenza-positive admissions were compared (vac-
cination odds ratio (OR)) with influenza-negative 
admissions [10,11]. Adjusted IVE was defined as 100 x 
(1 - adjusted OR). We defined two groups for IVE esti-
mation: (i) all subjects 18 years and older targeted for 
vaccination, and (ii) subjects aged 65 and older. Other 
subgroups were not considered to avoid a sparse-num-
bers bias [2,12]. The sample size sufficient to provide 
80% statistical power to detect an IVE of at least 50%, 
for a vaccine coverage of 50 to 60%, with a delta of 
10%, was 130 to 150 influenza cases.

The adjusted OR were obtained by logistic regression. 
Previous knowledge and directed acyclic graphs (DAG) 
[13,14] were used to define the variables finally used 
to improve comparability and exchangeability between 
vaccinated and non-vaccinated subjects and to clarify 
the minimum set of variables to be included in the 
regression logistics models and in the inverse prob-
ability-weighted regression adjustment models. The 
roles of ‘previous vaccination’ as an instrumental varia-
ble highly correlated with current vaccination and ‘time 
to swab’, which cannot be considered a confounder but 
is clearly related to outcome, were made explicit with 
the use of DAG. We assessed departure from linearity 
in categorical ordered variables, interaction between 
potential confounders and vaccination, and clustering 
by enrolment site or epidemiological week.

Figure 1
Hospital admissions with laboratory-confirmed influenza 
per week, Valencia, 7 December 2014–28 January 2015 
(n = 210) 
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Numbers on top of bars: percentage of samples positive for 
influenza.

Source: Valencia Hospital Network for the Study of Influenza and 
Other Respiratory Viruses (VAHNSI).

Figure 2
Flowchart showing exclusion criteria, study of mid-season 
influenza vaccine effectiveness in preventing hospital 
admissions related to influenza, Valencia, 7 December 
2014–28 January 2015 (n = 3,988 )

Elegible
(n=3,988)

  No consent (n=542)
  
  Excluded:
  No ILI symptoms (n=1,363)
  Onset >7 days before admission (n=320)
  Not targeted for influenza vaccination (n=79)
  Samples not yet processed (n=337)
  Sample inadequate (n=1)

Admissions included in the analysis
 (n=1,346)

 Influenza-positive
 (n=210)

Influenza-negative 
(n=1,136)

ILI: influenza-like illness.
Source: Valencia Hospital Network for the Study of Influenza.
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Table 1
Characteristics of included hospital admissions, Valencia, 7 December 2014–28 January 2015 (n = 1,346)

Test result status Vaccination status
Influenza-positive Influenza-negative

p value
Vaccinated

p value
n % n % n Total %

Overall 210 100 1,136 100 832 1,346 61.8
Sex 0.275 0.002
Male 112 53.3 652 57.4 499 764 65.3
Female 98 46.7 484 42.6 333 582 57.2
Age group (years) 0.824 0
18–64 36 17.1 202 17.8 85 238 35.7
≥ 65 174 82.9 934 82.2 747 1,108 67.4
Risk factors (number) 0.034 0.001
0 28 13.3 99 8.7 63 127 49.6
1 77 36.7 376 33.1 269 453 59.4
≥ 2 105 50.0 661 58.2 500 766 65.3
Admission in the past 12 months 0.029 0.015
No 142 67.6 677 59.6 485 819 59.2
Yes 68 32.4 459 40.4 347 527 65.8
Outpatient contacts 0.742 0
0 39 18.6 227 20 132 266 49.6
1 37 17.6 216 19 148 253 58.5
2 54 25.7 254 22.4 198 308 64.3
≥ 3 80 38.1 439 38.6 354 519 68.2
Smoking habits 0.106 0
Never 109 51.9 501 44.1 379 610 62.1
Ex-smoker 71 33.8 458 40.3 360 529 68.1
Current 30 14.3 177 15.6 93 207 44.9
Days from onset to swab 0.805 0.632
≤ 2 53 25.2 275 24.2 203 328 61.9
3–4 86 41.0 493 43.4 367 579 63.4
5–7 65 31.0 326 28.7 235 391 60.1
> 7 6 2.9 42 3.7 27 48 56.3
Influenza test result  0.552
Negative 1,136 100.0 722 1,136 63.6
A(H1N1)pdm09 2 1.0 1 2 50.0
A(H3N2) 99 47.1 47 99 47.5
A subtype pending 97 46.2 56 97 57.7
B 12 5.7 6 12 50
Vaccinated 2013/14 0.15 0
No 93 44.3 443 39 98 536 18.3
Yes 117 55.7 693 61 734 810 90.6
Vaccinated 2012/13 0.369 0
No 95 45.2 476 41.9 148 571 25.9
Yes 115 54.8 660 58.1 684 775 88.3

Source: Valencia Hospital Network for the Study of Influenza.
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We used inverse probability-weighted regression 
adjustment to estimate the vaccination average effect 
from observed data [15,16] after conditioning influenza 
admissions on indicator variables: age in deciles, epi-
demiological week, number of comorbidities, smok-
ing habits, hospital admission in the last 12 months, 
number of outpatient contacts in the last three months, 
time to swab, and recruitment hospital. We conditioned 
vaccination on the same covariates, excluding time to 
swab and adding influenza vaccination in the past two 
seasons.

Sensitivity analyses were performed according to time 
to swab and vaccination ascertainment in the vaccine 
information system. All probabilities were two-tailed; 
p < 0.05 was considered significant. Analyses were per-
formed with Stata 13.1 (StataCorp, College Station, TX).

The Ethics Research Committee of the Dirección General 
de Salud Pública-Centro Superior de Investigación en 
Salud Pública (DGSP-CSISP) approved the protocol of 
the study.

Results
We enrolled 1,136 hospital admissions, 210 with influ-
enza (Figure 2), 196 of them influenza A.  Of the 101 
influenza  A subtyped strains, 99 (98%) were H3. Of 
all admissions, 1,108 (82%) were patients older than 65 
years (Table 1). Of the 210 influenza-positive patients, 
110 (52%) were vaccinated compared with 722 (64%) of 
1,136 influenza-negative patients (Table 2).

Adjusted IVE was 33% (6–53%) overall and 40% (13– 
59%) in those 65 years and older (Table 2). The prob-
ability of influenza-related admission in vaccinated 
individuals was 13% (10–15%) compared with 22% 
(18–27%) in those unvaccinated (data not shown). 
Vaccination reduced by 44% (28–68%) the overall 
probability of hospital admission with influenza (Table 
2). These results were not altered in the sensitivity 
analysis (Table 2).

Discussion
Our estimate suggests that the 2014/15 influenza vac-
cine was moderately effective in preventing hospital 
admissions related to influenza in a season in which 

Table 2
Influenza vaccine effectiveness, preliminary results, Valencia, 7 December 2014–28 January 2015 (n = 1,346)

Influenza-positive Influenza-negative
OR (95% CI) Adjusteda 

OR (95% CI)
AVEb (95% 

CI)Vaccinated Total sample Vaccinated Vaccinated Total sample Vaccinated
n n % n n %

Overall 110 210 52.4 722 1,136 63.6 0.63
(0.47–0.85)

0.67
(0.47–0.94)

44
(28–60)

≥ 65 96 174 55.2 651 934 69.7 0.53
(0.38–0.74)

0.60
(0.41–0.87)

48
(32–64) 

Swab (≤ 4 days)

Overall 78 139 56.1 492 768 64.1 0.72
(0.50–1.04)

0.79
(0.51–1.21)

32
(11–53)

≥ 65 68 115 59.1 448 642 69.8 0.62
(0.41–0.94)

0.73
(0.46–1.18)

32
(9–55)

VIS

Overall 108 185 58.4 720 987 73.0 0.52
(0.38–0.72)

0.54
(0.37–0.78)

49
(34–63)

≥ 65 95 157 60.5 649 838 77.5 0.44
(0.31–0.64)

0.49
(0.33–0.74)

50
(35–66)

VIS and Swabc

Overall 76 120 63.3 490 677 72.4 0.66
(0.44–0.99)

0.67
(0.41–1.09)

37
(17–57)

≥ 65 67 103 65.1 446 581 76.8 0.56
(0.36–0.88)

0.62
(0.36–1.05)

37
(15–59)

AVE: average vaccination effect; CI: confidence interval; OR: odds ratio; VIS: vaccine Information system.

a Adjusted by indicator variables: sex, age in deciles, smoking (never, ex-smoker, current smoker), number of outpatient contacts in the past 
three months (0, 1, 2, > 2), number of comorbidities (0, 1, 2, ≥ 2), hospital admissions in the past 12 months (yes, no), recruitment hospital, 
epidemiological week of admission, days from onset of symptoms to swab (≤ 2, 3–4, 5–7, > 7).

b Average vaccination effect (percentage of reduction) on the probability of admission with confirmed influenza. Admission with influenza 
was conditioned on age in deciles, smoking (never, ex-smoker, current smoker), number of outpatient contacts in the past three months (0, 
1, 2, > 2), number of comorbidities (0, 1, 2, ≥ 2), hospital admissions in the past 12 months (yes, no), recruitment hospital, epidemiological 
week of admission, days from onset of symptoms to swab (≤ 2, 3–4, 5–7, > 7).  Vaccination was conditioned on the same indicator variables, 
but days to swab was omitted and record of influenza vaccination in 2012 and 2013 were added to the model.

c Patients included are those with records of any vaccination in the VIS and swabbed ≤ 4 days after symptoms onset.

Source: Valencia Hospital Network for the Study of Influenza.
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most influenza A(H3N2) viruses were different from 
the component in the 2014/15 influenza vaccine [17]. 
We can only provide information regarding the genetic 
characteristics of strains analysed at the Centro 
Nacional de Microbiología, Instituto de Salud Carlos III 
in Madrid [17]. According to their data, 67% of A(H3N2) 
clades could be considered antigenically and geneti-
cally different from the vaccine strain. We cannot make 
inferences regarding the impact on IVE of the type of 
vaccine used in Valencia as only one brand of vaccine 
was used throughout the region (99% of doses accord-
ing to the vaccination registry).

Previous reviews and reports have shown that the 
trivalent inactivated vaccine can confer substantial 
protection against mismatched influenza A [18-20]. 
Unfortunately, data from mismatched seasons on IVE 
in people 65 years and older are scarce [21].

There can be considerable variation in reported IVE 
estimates due to differences in strain circulation 
among countries, strain proportion within one region, 
the vaccines used, age-specific vaccine coverage, the 
population studied, season definition, case definition, 
ascertainment of vaccination status, differences in the 
period of surveillance, the variables included or omit-
ted in the statistical model, how they are modelled, 
and measured outcome (admission, outpatient con-
tact or infection) [11]. A major caveat are sparse num-
bers. The absence of statistical significance should be 
expected in studies with low vaccine coverage, IVE or a 
limited sample size [2,12], as reflected in our sensitiv-
ity analysis (Table 2).

Influenza VE estimates generated from surveillance 
data using the test-negative design have already been 
presented at the WHO’s annual strain selection meet-
ing [11] as a way to improve the vaccine composition. 
However, variation in the estimates may undermine 
their credibility and usefulness, particularly early in 
the season. It is important to focus on sufficient sam-
ple size, robustness of the design, representativeness 
of the population, and validity of adjustment to inform 
vaccine reformulation and vaccination policies based 
on epidemiological data.

Our results support the substantial benefit of vaccina-
tion in preventing hospital admissions with laboratory-
confirmed influenza in the first weeks of the 2014/15 
season in Valencia.
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To evaluate seasonal trivalent inactivated influenza 
vaccine effectiveness (VE) in Scotland, we performed 
a Scotland-wide linkage of patient-level primary care, 
hospital and virological swab data from 3,323 swabs 
(pooling data over nine influenza seasons: 2000/01 
to 2008/09). We estimated the VE for reducing real-
time RT-PCR-confirmed influenza using a test-negative 
study design. Vaccination was associated with a 57% 
(95% confidence interval (CI): 31–73) reduction in the 
risk of PCR-confirmed influenza. VE was 60% (95% CI: 
22–79) for patients younger than 65 years and clini-
cally at risk of serious complications from influenza, 
and 19% (95% CI: −104 to 68) for any individual 65 
years and older. Vaccination was associated with sub-
stantial, sustained reductions in laboratory-confirmed 
influenza in the general population and younger 
patients in clinical at-risk groups.

Introduction
Each year, influenza causes substantial morbidity and 
mortality, particularly in people aged 65 years and 
older and those with underlying serious comorbidities 
[1]. Globally, for example, it is estimated that influ-
enza is responsible for 5 million cases of severe illness 
and 250,000 to 500,000 deaths per year; the 186,000 
excess hospitalisations and 44,000 excess deaths in 
the United States (US) have been estimated to cost USD 
87 billion (EUR 77 billion) per year [2-4]. Annual costs 
of influenza epidemics for the European Union are esti-
mated to be EUR 27 billion [5]. National vaccination 
strategies represent a potentially important approach 
to reduce both influenza-related illness and death, 
hence the considerable investment in this preventive 
approach in many parts of the world. In Scotland, the 
influenza vaccination programme has been success-
ful with high rates of uptake for targeted individuals 

such as adults aged over 65 years and those clinically 
at risk of serious influenza-like illness [6]. There is evi-
dence of the benefits of the seasonal influenza vaccine 
in healthy children and younger adults (16 to 65 years) 
[7,8]. However, in populations at highest risk of devel-
oping influenza-related complications (e.g. adults  65 
years and older, people with medical conditions such 
as diabetes, heart or respiratory disease, and people 
with immunodeficiency), the populations particularly 
targeted by many countries’ vaccination programmes 
including in Scotland, there is a paucity of reliable 
estimates of efficacy from randomised controlled trials 
[9]. This is of concern, as it has been suggested that 
influenza vaccine is less effective in older people due 
to immunosenescence [10]. Given that influenza vacci-
nation programmes now exist in most developed coun-
tries, randomised controlled trials of the vaccine are 
impractical; these are also viewed as unethical by some 
sections of the medical community [11]. Observational 
studies are a study design that can be used to investi-
gate the effectiveness of vaccine programmes.

Since 2005, the test-negative study design, using real-
time RT-PCR testing, has become more commonly used 
for evaluating influenza vaccine effectiveness (VE) [12]. 
Most, however, have been carried out on single influ-
enza seasons [13] and the three which have pooled 
data from multiple seasons only reported VE for limited 
age groups [14-16]. Building on related work [17,18], 
we undertook a data linkage study and used detailed 
electronic health record data over nine consecutive 
seasons 2000/01 to 2008/09 to determine VE of the 
trivalent inactivated influenza vaccine in reducing lab-
oratory-confirmed influenza.
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Methods

Study databases and population characteristics
Almost all individuals resident in Scotland are reg-
istered with primary care, which provides a compre-
hensive array of healthcare services (free at the point 
of care), including prescriptions for medications. We 
used the Practice Team Information network, which 
covers a 5% representative sample of Scottish prac-
tices [19]. Using the unique Community Health Index 
(CHI) number, specific patient-level data approved for 
use in this project were extracted and then linked to 
the Health Protection Scotland virology dataset, which 
consists of all laboratory-confirmed cases of influenza 
in Scotland. Once linkage had been completed, the 
analysis file was anonymised by replacing the unique 
CHI number with a study identifier.

We established key population characteristics: sex, age 
(0–4, 5–14, 15–44, 45–64, 65–74, and ≥ 75 years), socio-
economic status (Scottish Index of Multiple Deprivation 
scores [20] expressed as quintiles: 1 = most deprived 
to 5 = most affluent), receipt of pneumococcal and 
influenza vaccination in the previous year, smoking 
status (current, ex, non, not recorded), urban/rural res-
idence (1 = large urban to 6 = remote rural), whether 
a patient was in a clinical group at risk of serious ill-
ness from influenza (i.e. chronic respiratory disease, 
chronic heart disease, chronic kidney disease, chronic 
liver disease, chronic neurological disease, immuno-
suppression or diabetes), Charlson co-morbidity index 
[21], number of previous primary care consultations, 
prescribed drugs and hospital admissions (in the year 
before 1 September).

Study design
In order to estimate VE derived from linked virologi-
cal swab data, we carried out a test-negative study 
similar to that used by I-MOVE [22], pooling data 
from nine influenza seasons (2000/01 to 2008/09). 
Influenza A(H1N1) subtype was dominant in 2007/8 
(A/Solomon Island/3/2006) and H3N2 subtype was 
dominant in 2001/2 (A/Panama/2007/99), 2003/4 (A/
Fujian/411/2002), 2006/7 (A/Wisconsin/67/05) and 
2008/9 (A/Brisbane/10/2007).  Influenza B was domi-
nant in 2005/6 (B/Malaysia/2506/2004). Influenza 
A(H1N1) (A/New Caledonia/20/99) and influenza B (B/
Beijing/184/93) were co-dominant in 2000/1. Influenza 
A(H3N2) and influenza B were co-dominant 2002/3 (A/
Panama/2007/99, B/HongKong/330/01) and 2004/5 (A/
Wellington/01/2004, B/Shanghai/361/2002). We car-
ried out an individual patient-level pooled analysis and 
adjusted for year. The influenza season was defined as 
the period from the date of the first influenza isolate 
reported by Health Protection Scotland for each year, 
in or after week 40 and the date of the last influenza 
isolate before or in week 20 (during the period of peak 
influenza). Vaccination was used to define exposure 
status if it was given at a time point between the start 
of the pre-influenza season (i.e. 1 September) and the 
end of the influenza season. An individual was defined 

as vaccinated 14 days after the seasonal influenza vac-
cine was administered. The time period from the first 
day of the influenza season to day 14 post vaccination 
was defined as ‘unexposed’ and the period from day 14 
post vaccination until the end of the influenza season 
was defined as ‘exposed’. The earliest influenza sea-
son began on 26 September and the latest began on 
25 November, and all seasons finished in May (Table 1). 
A protocol of the study methods has been previously 
published [23].

Study outcomes
General practitioners in this study were also involved 
in the Health Protection Scotland sentinel-swabbing 
scheme, whereby practices are encouraged to obtain 
nasal or throat swabs from patients of all ages who 
have presented with symptoms suggestive of influ-
enza. This is independent of whether or not the 
patient has been vaccinated. Each general practice is 
requested to submit five swab samples per week to the 
West of Scotland Specialist Virology Centre, Glasgow, 
UK for PCR testing for a range of respiratory patho-
gens. We also included results from swabbing carried 
out in primary and secondary care for routine diag-
nostic purposes in symptomatic patients outside the 
sentinel scheme. As a post-hoc sensitivity analysis, we 
excluded patients recruited from non-sentinel sources 
(n = 542; 16.3%) and those presenting symptoms less 
than 14 days after vaccination (n = 47; 1.4%). The West 
of Scotland Specialist Virology Centre is a World Health 
Organization-accredited National Influenza Center, 
which participates in the Quality Assurance programme 
to maintain this status. To calculate VE, patient swab 
data were linked with the unique patient identifier CHI, 
allowing characteristics of patients such as vaccination 
status to be established from general practice and hos-
pital admission data. In 2005/06 when influenza B (B/
Malaysia/2506/2004) was the predominant circulating 
virus type, tests were performed in sufficient numbers 
to estimate VE against influenza B in that season.

Table 1
Influenza seasons start and end dates, Scotland, 2000–09

Season Start date End date
2000/01 5 Oct 2000 14 May 2001
2001/02 18 Oct 2001 17 May 2002
2002/03 25 Nov 2002 15 May 2003
2003/04 26 Sep 2003 07 May 2004
2004/05 22 Oct 2004 19 May 2005
2005/06 06 Oct 2005 16 May 2006
2006/07 19 Oct 2006 09 May 2007
2007/08 02 Oct 2007 13 May 2008
2008/09 13 Nov 2008 05 May 2009
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The Privacy Advisory Committee of the Information 
Services Division, National Services Scotland, 
approved the linkage and analysis of the anonymised 
datasets for this project.

Statistical methods
A generalised additive logistic regression model [24] 
was fitted, adjusting for the effects of week during 
season (through a separate spline model each season) 
and age, sex, deprivation, smoking status, number of 
primary care and hospital consultations in the previ-
ous 12 months, influenza vaccination in the previous 
season, and being in a clinical group at risk of serious 
complications from influenza. Some of these patients 
did not receive the influenza vaccine; some received 
the vaccine, but after they were tested; and others 
had received the vaccine before they were tested. We 
therefore measured VE by comparing swabs taken 
after vaccination from individuals who were vacci-
nated, with swabs taken from all those who were not 
vaccinated at the time the swab was taken (people 
who were unvaccinated at the time of swab and who 
were then subsequently vaccinated counted as unvac-
cinated in our analysis as did people who were never 
vaccinated). When two doses were given we used the 
date of the first vaccine dose in our analysis. We strati-
fied our analysis by people 65 years and older vs peo-
ple younger than 65 years and at risk, and also tested 
for any heterogeneity between seasons. We also tested 
for any heterogeneity or collinearity between receipt of 
current and previous season’s influenza vaccination.

Using data from previous studies, we estimated that 
with 400 swabs per year, an effectiveness of 20% 
would be detected with 79% power for our primary out-
come of PCR-confirmed influenza (assuming that 15% 
of the population would be vaccinated, 30% swab-pos-
itive and adjusting for clustering within each primary 
care practice [25,26]). All statistical analysis was con-
ducted using R (version 2.14.1).

Results
A total of 3,323 swabs were taken from 3,016 patients 
with influenza symptoms over the nine seasons (of a 
total registered primary care population of 1,767,705 
person-seasons) and then tested with RT-PCR for evi-
dence of influenza infection. Some 489 swabs (14.7%) 
were performed on individuals who were vaccinated 
at the time of the swab. Although all subgroups were 
represented, proportionately more young, female, and 
socioeconomically deprived patients were swabbed 
(Table 2). Furthermore, a large proportion of the viro-
logical tests (42.3%) were carried out on patients 
that had presented more than five times to primary 
care in the previous year. During our study, 13.9% of 
swabs were positive for RT-PCR-confirmed influenza, 
with male patients and the socioeconomically affluent 
being more likely to test positive for influenza (Table 
2). One quarter of the swabs from school-aged children 
(5–14 years) tested positive for RT-PCR-confirmed influ-
enza. Pooled over nine seasons, VE for the trivalent 

inactivated influenza vaccine in the whole population 
was 57% (95% confidence interval (CI): 31–73) (Table 
3). VE for at-risk patients under 65 years was 60% (95% 
CI: 22–79) and 19% (95% CI: −104 to 68) for 65 years 
and older. Although there was variability between sea-
sons, no significant heterogeneity was found (p < 0.05); 
there were no positive tests among vaccinated people 
in 2000/01 and the highest VE was found in season 
2007/08 (Table 4). In 2005/06 for influenza B, there 
were 44 positive tests in 426 unvaccinated and three in 
137 vaccinated individuals. In that season, VE against 
influenza B was 79% (95% CI: 32–96).

Table 2
Number of swabs vs laboratory-confirmed influenza, by 
population group, Scotland, 2000–09 (n = 3,323)

Description Total 
samples

Swab-
positive

(number and 
% positive)

Swab-
positive 

AORa
AOR 95% CI

Sex
Female 1,995 248 (12.4) 1.00 NA
Male 1,328 214 (16.1) 1.35 1.07–1.69
Age group (years)
0–4 390 60 (15.4) 1.00
5–14 433 104 (24.0) 1.56 1.05–2.32
15–44 1,405 196 (14.0) 0.89 0.63–1.27
45–64 741 79 (10.7) 0.71 0.47–1.06
65–74 244 18 (7.4) 0.70 0.36–1.36
≥75 110 5 (4.6) 0.43 0.15–1.24
Deprivation quintileb  
1c 961 100 (10.4) 1.00 NA
2 789 97 (12.3) 1.18 0.85–1.63
3 735 116 (15.8) 1.55 1.13–2.12
4 519 96 (18.5) 1.94 1.39–2.71
5 309 51 (16.5) 1.86 1.24–2.79
Influenza vaccine in previous season
No 2,817 426 (15.1) 1.00  NA
Yes 506 36 (7.1) 0.90 0.53–1.52
Primary care consultations
0–2 1,133 206 (18.2) 1.00 NA
3–4 785 103 (13.1) 0.69 0.52–0.92
≥ 5 1,405 153 (10.9) 0.87 0.66–1.15
Secondary care consultations
0 2,728 400 (14.7) 1.00 NA
1–2 456 47 (10.3) 0.73 0.51–1.04
≥ 3 139 15 (10.8) 0.78 0.42–1.45

AOR: adjusted odds ratio; CI: confidence interval; NA: not 
applicable.

a 	 Adjusted for season, week during season (through a separate 
spline model each season), age, sex, previous season’s 
influenza vaccination, consultations and socioeconomic 
deprivation.

b 	 Deprivation score only available for 3,313 swabs.
c 	 1 = most socioeconomically deprived.
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When including influenza vaccination in the previous 
season (for all nine seasons), the vaccine effect in the 
current year was 55% (95% CI: 22–74) and there was 
no significant effect of the vaccination in the previous 
year (OR = 0.89; 95% CI: 0.53–1.52). A post-hoc inter-
action test showed a significant (p = 0.01) interaction 
between receipt of the previous season’s and the cur-
rent season influenza vaccination and VE but no major 
collinearity. Table 5 presents the VEs of three possible 
combinations of vaccinated or unvaccinated in the cur-
rent or previous season (combining all the seasons 
studied) compared with people with no vaccination in 
either season. Significant positive VEs were found for 
subgroups vaccinated in the current and previous sea-
son and those vaccinated in the current but not the pre-
vious season. A non-significant positive VE was found 

for people vaccinated in the previous season but not 
the current.

VE was similar to our primary analysis when excluding 
virological tests from non-sentinel sources (60%; 95% 
CI: 31–77) or patients with onset of symptoms less than 
14 days after vaccination (VE = 61%; 95% CI: 36–76).

Discussion
Our trivalent influenza VE using RT-PCR in symptomatic 
patients presenting over nine seasons was similar to 
the efficacy found in healthy adults younger than 65 
years in controlled trials (66% vs 75%) [8]. Our find-
ings were also similar to other observational studies 
which pooled data across several seasons and esti-
mated a VE of 61% for adults 50 years and older [15] 

Table 3
Proportion of vaccinated by case/control status and adjusted vaccine effectiveness for laboratory-confirmed influenza, 
Scotland, 2000–09 (n = 3,323)

Age group

Influenza-positive
 (cases)

Influenza-negative
(controls)

% total positive

Adjusted 
vaccination 

effectiveness 
% (95% CI)a

Vaccinated/
total (n)

Vaccinated
(%)

Vaccinated/
total (n)

Vaccinated
(%)

< 65 yearsb 14/439 3.2 249/2,530 9.8 14.8 66 (39 to 81)
< 65 years clinically at risk 14/117 12.0 209/788 26.5 12.9 60 (22 to 79)
≥ 65 years 13/23 56.5 222/331 67.1 6.5 19 (−104 to 68)
All ages 27/462 5.8 471/2,861 16.5 13.9 57 (31 to 73)

CI: confidence interval.

a 	 Adjusted for season, week during season, sex, number of hospital and primary care consultations, socioeconomic deprivation and being in 
a clinical at-risk group (where appropriate).

b  All patients including clinically at risk.

Table 4
Vaccine effectiveness for laboratory-confirmed influenza and predominant circulating influenza by season, Scotland, 
2000–09 (n = 3,323)

Season

Influenza-positive 
(cases)

Influenza-negative
(controls) % total 

positive

Adjusted 
vaccination 

effectiveness 
(95% CI) a

Dominant types circulating
Vaccinated/

total (n)
Vaccinated

(%)
Vaccinated/

total (n)
Vaccinated

(%)

2000/01 0/59 0.0 53/404 13.1 12.9 NA A/New Caledonia/20/99 (H1N1)  
B/Beijing/184/93

2001/02 1/55 1.8 25/310 8.1 7.7 77 (−117 to 98) A/Panama/2007/99 (H3N2)

2002/03 1/21 4.8 22/220 10.0 10.6 68 (−310 to 98) A/Panama/2007/99 (H3N2)  
B/HongKong/330/01

2003/04 4/56 7.1 12/269 4.5 5.2 49 (−58 to 84) A/Fujian/411/2002 (H3N2)a 

2004/05 5/49 10.2 60/351 17.1 19.4 44 (−66 to 81) A/Wellington/01/2004 (H3N2)a  
B/Shanghai/361/2002

2005/06 6/141 4.3 52/470 11.1 10.5 29 (−109 to 76) B/Malaysia/2506/2004a 
2006/07 2/26 7.7 23/228 10.1 10.9 22 (−375 to 87) A/Wisconsin/67/05 (H3N2)
2007/08 3/43 7.0 55/214 25.7 29.2 80 (21 to 95) A/Solomon Island/3/2006 (H1N1)
2008/09 4/40 10.0 50/254 19.7 22.5 38 (−136 to 84) A/Brisbane/10/2007 (H3N2)

CI: confidence interval; NA: not applicable.
a Poorly matched vaccine.
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and 62% for 20–64 year-olds [14]. In a single season 
(2012/13) in which genetic drift of the predominant 
influenza A(H3N2) strain had occurred, the VE esti-
mate for people 65 years and older was −11% against 
influenza A [27]. This is lower than our pooled estimate 
of 19% VE for this age group over nine seasons with 
different circulating strains. In the 2007/08 season 
when vaccine and circulating virus were well matched 
and influenza A/Solomon Island/3/2006 (H1N1) was 
the main circulating virus, our VE was higher for lab-
oratory-confirmed influenza than in a US study in the 
same season which used a study design similar to 
ours (80% vs 52%) [28]. In the 2005/06 season when 
influenza B/Malaysia/2506/2004 was the predominant 
strain, our estimate of 29% was similar to a US study 
(21%) [29], but lower than reported in Canada (63%) 
[30]. These differences in VE are likely to be due to 
between-country variation in the distribution of vac-
cine types, dominant circulating influenza types, sub-
types, and lineages, and antigenic (mis)match between 
vaccine virus and circulating virus [31]. Although there 
was poor precision, we found variations in VE over the 
seasons. In the two seasons when influenza A(H1N1) 
co-dominated or dominated and the vaccine was well 
matched (2000/01 and 2007/08, respectively), VE was 
high (≥ 80%). In 2003/04 and 2004/05 when vaccine 
mismatch occurred in the A(H3N2) component of the 
vaccine, VEs of 49% and 44% were found. In 2005/06 
when there was vaccine mismatch for influenza B, a 
79% VE for influenza B was found. This was similar to 
findings in a well-powered study in the same season 
on influenza B in England (67%; 95% CI: 31–85). In all 
other seasons, influenza A(H3N2) was the predominant 
influenza A subtype and VE varied from 22% (2006/07) 
to 77% (2001/02) [32].

Our finding of an interaction, whereby prior influenza 
vaccination interfered with current vaccine effective-
ness, has been described previously in a community-
based study [33]. Similar to that study, we were limited 
by a relatively small number of cases and were only able 
to dichotomise prior and current season vaccination 
status (yes or no). However, this simplified approach 
has been criticised and a more in-depth analysis has 
been suggested which includes the number, nature and 
antigenic distance specified by virus mutations across 

sequential circulating variants and vaccine compo-
nents [34]. This is a potential avenue for further work.

Clinical data collected by these sentinel practices are 
of high quality (90% completeness and accuracy [25]) 
and their value for epidemiological research has been 
repeatedly demonstrated [26]. Observational stud-
ies can be used to assess the effects of healthcare 
interventions without influencing the care provided or 
the patients who receive it. When used in the assess-
ment of vaccination programmes they therefore have 
high external validity and can be broadly generalised. 
Furthermore, by pooling data from nine seasons from 
the same population, we were able to generate suf-
ficient power to provide a precise VE estimate. The 
test-negative design offers an elegant way to deal 
with selection bias that may arise if there is a strong 
association between vaccination status and subject 
recruitment. However, this design only measures the 
protection provided by the vaccine to individuals seek-
ing medical attention, rather than VE against influenza, 
because for some persons (e.g. people with co-morbid-
ities and at risk of serious complications from influ-
enza), vaccination may not truly prevent influenza, but 
may reduce illness severity, preventing death or hospi-
talisation or reducing severity below their care-seeking 
threshold [35]. If possible, one should therefore assess 
the likely impact of VE on disease severity [36] and the 
influence of non-influenza acute respiratory infections 
by restricting controls to those who tested negative 
for influenza and positive for a different respiratory 
pathogen (e.g. parainfluenza or respiratory syncytial 
viruses) [35,37]. Swabs from symptomatic patients out-
side the systematically collected subset were included 
in our study, and this may have led to some selec-
tion bias, although physicians swabbing in second-
ary care (where the majority of non-sentinel swabbing 
took place) were unlikely to know the patient’s vaccine 
status unless self-reported and a sensitivity analysis 
found no change to our VE estimates (but decreased 
their precision). However, even with the inclusion of 
these additional tests from non-sentinel sources, there 
was an over-representation of swabs from working-age 
adults and therefore we had lower power to measure 
VE among children and older people. There was also 
inadequate power to measure pooled estimates of 

Table 5
Vaccine effectiveness for the combined influenza vaccinations in the previous and current season, Scotland, for all seasons 
(n = 3,323)

Previous season Current season Vaccination effectiveness 95% CI
p compared with 

unvaccinated in both 
seasons

Unvaccinated Unvaccinated 0.0 0.0 to 0.0 NA
Vaccinated Unvaccinated 47.6 −6.1 to 74.1 0.072
Unvaccinated Vaccinated 85.2 51.5 to 95.5 0.002
Vaccinated Vaccinated 50.4 15.6 to 70.8 0.010

CI: confidence interval.
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VE for types or subtypes of influenza (e.g. A(H3N2), 
A(H1N1) and B), most individual seasons, patients with 
chronic diseases (e.g. asthma) or pregnancy (which 
was not included as a risk factor for this analysis) or 
for those given a second dose of the vaccine. A much 
larger study is therefore required to perform these 
stratified analyses. In our primary analysis, we con-
sidered that the vaccine effect was random over sea-
sons rather than the seasons having random effect. In 
this pooled model we found that there was already a 
different intercept and seasonal trend each year and 
that this permitted more differences among the sea-
sons compared with a random effects model. The ran-
dom effects meta-analysis estimate was 51%, close 
to the pooled estimate reported in this paper (57%). 
Furthermore, treating each season equally gave a VE 
estimate of 65%. Some of the patients were found to 
have contributed with more than one swab in different 
seasons, with 231 people with swabs in two seasons, 
27 with swabs in three seasons and six with swabs 
in more than three seasons. We therefore performed 
post-hoc sensitivity analyses using a generalised esti-
mating equation (GEE) model and a clustered regres-
sion model. Both of these models were found to inflate 
the variance of the vaccine effect, but did not have a 
major impact on the conclusions.

Our primary objective was to make use of the best 
integrated and accessible Scottish data available to us 
to evaluate a new national influenza vaccination pro-
gramme introduced in Scotland in September 2000. 
During the period 2000 to 2009, seasonal influenza 
vaccination was provided to at-risk groups (at no cost 
to the patient) through primary care. This targeted 
approach resulted in high vaccine uptake rates of 66 to 
76% in older people and 38 to 49% in at-risk groups [6]. 
We found that during the period when the programme 
was implemented (and before pandemic influenza), 
which included seasons with poor vaccination match 
and severe influenza, there was strong evidence for the 
effectiveness of vaccination in preventing laboratory-
confirmed influenza, particularly for younger people 
and people susceptible to severe influenza-like illness. 
This information should reassure countries considering 
the implementation of a similar programme. However, 
while work is being undertaken to produce better vac-
cines and new vaccines are introduced, the continued 
development of a strong international evidence base is 
required to monitor the effectiveness of seasonal influ-
enza vaccination programmes, particularly among sub-
groups of patients at risk of serious complications from 
influenza such as older people.
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We present a pilot validation study performed on 10 
European Union (EU) Member States, of a point preva-
lence survey (PPS) of healthcare-associated infections 
(HAIs) and antimicrobial use in Europe in 2011 involv-
ing 29 EU/European Economic Area (EEA) countries 
and Croatia. A total of 20 acute hospitals and 1,950 
patient records were included in the pilot study, which 
consisted of validation and inter-rater reliability (IRR) 
testing using an in-hospital observation approach. In 
the validation, a sensitivity of 83% (95% confidence 
interval (CI): 79–87%) and a specificity of 98% (95% 
CI: 98–99%) were found for HAIs. The level of agree-
ment between the primary PPS and validation results 
were very good for HAIs overall (Cohen’s κappa (κ): 
0.81) and across all the types of HAIs (range: 0.83 for 
bloodstream infections to 1.00 for lower respiratory 
tract infections). Antimicrobial use had a sensitivity 
of 94% (95% CI: 93–95%) and specificity of 97% (95% 
CI: 96–98%) with a very good level of agreement (κ: 
0.91). Agreement on other demographic items ranged 
from moderate to very good (κ: 0.57–0.95): age (κ: 
0.95), sex (κ: 0.93), specialty of physician (κ: 0.87) 
and McCabe score (κ: 0.57). IRR showed a very good 
level of agreement (κ: 0.92) for both the presence of 
HAIs and antimicrobial use. This pilot study suggested 
valid and reliable reporting of HAIs and antimicrobial 
use in the PPS dataset. The lower level of sensitivity 
with respect to reporting of HAIs reinforces the impor-
tance of training data collectors and including valida-
tion studies as part of a PPS in order for the burden of 
HAIs to be better estimated. 

Introduction
In 2011, the European Centre for Disease Prevention 
and Control (ECDC) initiated the first European point 
prevalence survey (PPS) of HAIs and antimicrobial use 
in acute care hospitals [1] involving 29 European Union 
(EU)/ European Economic Area (EEA) countries and 
Croatia. The objective was to estimate the total burden 
(prevalence) of HAIs and antimicrobial use in European 
acute care hospitals.

A pilot validation study was undertaken in the first 
phase of this PPS in 2011 with two major objectives: 
(i) to test the sensitivity and specificity of reporting 
HAIs and antimicrobial use and the level of agree-
ment between primary and validation data collectors, 
whereby this constituted the validation component of 
the study; (ii) to test the inter-rater reliability (IRR) of 
hospital data collectors across Europe.

This paper focuses on the aggregated results for sev-
eral EU Member States of this pilot validation study. 
Ten EU Member States took part in the validation com-
ponent (Bulgaria, Finland, Germany, Hungary, Italy, 
Latvia, Lithuania, Poland, Spain, United Kingdom) 
and eight of these countries in the IRR component 
(Bulgaria, Finland, Germany, Italy, Lithuania, Poland, 
Spain, United Kingdom).

Method
The sample size for the pilot study was calculated to 
produce validation results overall for the European 
PPS rather than at individual country specific level. A 
pilot ECDC PPS had indicated a prevalence of 7.1% and 
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an average hospital size of 300 beds [2]. The sample 
size for the pilot validation study was calculated at 
approximately 2,000 patients for an estimated sensi-
tivity of reporting HAIs of 80% with a precision of +/- 
5% and a prevalence of 7% [3,4]. These 2,000 patients 
were specified by the ECDC validation pilot protocol as 
approximately 200 patients per country within the 10 
participating countries, sampled in at least two hospi-
tals per country.

Two approaches, including a validation method by an 
external validation team (method 1) and an on-site 
assessment of the IRR of different hospital PPS data 
collectors (method 2), were taken in order to address 
the objectives. The methods are summarised here and 
a full description is available in the ECDC pilot valida-
tion protocol [4].

Validation
A standard ECDC protocol was used by all countries 
[3]. Each country collected data on 100 patient records 
from each of two hospitals. The hospitals and the 
patient records were chosen by the national coordina-
tors from each country and not randomly allocated at 
a country level. A number of approaches were taken 
including retrospective, simultaneous same day, simul-
taneous same time, blind and unblind data collection. 
The approach undertaken by each country was pur-
posively selected dependent on timing of the primary 
PPS and availability of resources. Countries also had 
an option of oversampling within the protocol, whereby 
the number of HAIs in the validation sample was 
increased on purpose to increase the precision of the 
specificity estimation, by selecting wards with higher 
prevalence (e.g. intensive care units) in blind validation 
or by including all HAI cases detected in the primary 
PPS in unblind validation.

The validation findings were considered the ‘gold 
standard’ (true positives and true negatives) as the 
validation team consisted of at least one trained expert 
from (and/or acting on behalf of) the national/regional 
PPS coordinating centre (external to the validated hos-
pital), using the ECDC-PPS protocol and codebook [5] 
and accompanied by a hospital staff member for the 
purposes of access and orientation.

Identical data to the primary data collector were col-
lected by the validator using one or more of the 
approaches outlined above. Patient notes, nursing 
notes, hospital information systems and clinical ward 
personal were the data sources used.

From the validation dataset, the positive predic-
tive value (PPV) was calculated as the percentage of 
patients with true HAIs (or patients receiving antimi-
crobials as appropriate) among all positive patients in 
the primary dataset, and the negative predictive value 
(NPV) as the percentage of true negative cases among 
all patients identified as negative in the primary sam-
ple. The results of the validation were applied to the 

aggregated primary data by multiplying the number of 
all positive cases in the primary sample by the PPV to 
obtain an approximation of the number of true posi-
tives to account for potential differences in prevalence 
due to oversampling. The same procedure was per-
formed for negative cases with the NPV. This allowed 
determination of the sensitivity and specificity for the 
primary sample [4,6]. 95% confidence intervals (CI) 
were calculated using a continuity-corrected version 
of the Wilson’s score method. They were evaluated as 
‘worst case’ instances using a combination method. 
The effects of omitting these adjustments, in most 
cases did not result in major differences to the results 
presented here.

On site assessment of inter-rater reliability
Five HAI-positive and 10 HAI-negative patient records 
were selected from a single setting, i.e. intensive care 
unit (ICU), where the prevalence of infection was the 
highest, or, if access to the ICU was restricted, in a 
limited number of other wards with expected high HAI 
prevalence, such as high dependency units.

Between two and five hospital primary PPS data col-
lectors gathered data at an agreed time in the selected 
ward/setting in turn with the national contact point 
(validator). A procedure was followed to minimise any 
potential bias inclusive of the other rater(s) waiting in 
another room or at a distance where the reproducibility 
process could not be heard (e.g. use music in the wait-
ing room/area). Data items were collected as detailed in 
method 1 and agreement between the data collections 
was analysed using kappa (κ) statistics (0.81–1.00 is 
very good, 0.61–0.80 is good, 0.41–0.60 is moder-
ate, 0.21–0.40 is fair/marginal, < 0.2 is poor; negative 
values are possible and also denote ‘poor’ agreement 
[7-9]. κ statistics were also reported for certain vari-
ables of the validation approach (method 1), as it can 
be argued that the external validation team does not 
truly represent a gold standard for HAIs and variables 
such as the McCabe score.

Results

Validation
The primary data set that originated from the 20 hospi-
tals in the 10 participating countries comprised 3,958 
patient records. Among these, the prevalence of HAIs 
was 9% (367 patients) and the prevalence of antimicro-
bial use was 38% (1,504 patients). Validation data were 
collected from October to December 2011. Of the 3,958 
primary patient records, a total of 1,950 were selected 
for validation in accordance with the calculated study 
sample size. Of those, 1,912 were matched to the pri-
mary dataset, since it was not possible to link all patient 
records due to errors in data entry or missing data. The 
reported prevalence of HAIs in the matched validation 
dataset was 12% (233 patients) and the prevalence of 
antimicrobial use was 46% (878 patients). Due to over-
sampling in the validation dataset, the prevalence of 
HAIs in this dataset was significantly higher than in 
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the ‘primary’ set, Χ2(1) = 7.7, p = 0.005. The prevalence 
of antimicrobial use was also higher in the validation 
dataset, Χ2(1) = 27.5, p < 0.001. Four of the ten countries 
included oversampling.

There was 97% agreement (κ = 0.81) between primary 
records and the validation records for the presence of 
an HAI (Table 1). The level of agreement was very good 
across all the most important types of HAIs, ranging 
from κ = 0.83 for bloodstream infections to κ =1.00 for 
lower respiratory tract infections (Table 2). Specificity 
of reporting HAIs was 98% (95% CI: 98–99%) with sen-
sitivity comparatively lower at 83% (95% CI: 79–87%) 
(Table 1). The sensitivity by type of HAI ranged from 
83% for bloodstream infections to 100% for lower res-
piratory tract infections, with specificity values higher 
than 99% for all types of HAI (Table 2).

Very good results (96% agreement, k=0.91) were 
achieved with respect to the recording of overall anti-
microbial use (Table 3). Sensitivity and specificity 
were both very high at 94% (95% CI: 92.9–95.3%) and 
97% (95% CI: 96.1–97.5%) respectively. Validation of 
the route of antimicrobial administration oral, paren-
teral showed that oral antimicrobials were frequently 
reported as parenteral, resulting in a lower specificity 
for the parental route and a lower sensitivity for the 
oral route (Table 4).

At the individual variable level, some variation was 
noted. Agreement on basic demographic variables 

was very good: age (κ=0.95), sex (κ=0.93), specialty of 
physician (κ=0.87). A high level of agreement was also 
found with respect to the presence of invasive devices, 
although specificity for the presence of peripheral vas-
cular catheters (93%; 95% CI: 91–95%) was noted to be 
significantly lower than that of central venous cathe-
ters (99%; 95% CI: 98–99%). Variables which required 
more interpretation such as McCabe score had a mod-
erate score (κ = 0.57).

Inter-rater reliability
Eight of ten countries participated in the IRR component 
of the pilot study with a total of 44 raters across all the 
participating hospitals, rating 195 patient records. An 
analysis of IRR by selected variables was undertaken 
on the dataset. Variables were selected on the basis 
of their importance and the frequency of reporting in 
the dataset. Analysis of IRR overall showed a very good 
level of agreement (κ = 0.92) for both the presence of 
HAIs (96%) and antimicrobial use (97%) (Table 5). 
There was very good IRR (κ > 0.8) for most of the PPS 
variables (with the exception of HAI origin) (κ =0.31).

Discussion
Studies on validation of national HAI surveillance 
are rarely published, and when they are, a variety of 
approaches are described, according to a recent review 
in the United States (US) [10]. In that review, of those 
that included either a validation or an IRR study, the 
results were varied, underscoring the need for PPS 
to include validation studies to add confidence to 

Table 1
Validation of the point prevalence survey for assessing healthcare-associated infections, 10 European Union Member States, 
2011

A. Validation of the point prevalence survey (n=1,912 patient records)

Validation data
Healthcare-associated infection No healthcare-associated infection Total

Primary data
Healthcare-associated infection 193 40 233
No healthcare-associated infection 29 1,650 1,679
Total 222 1,690 1,912

Positive predictive value (PPV): 193/233 = 82.8%; negative predictive value (NPV): 1,650/1,679 = 98.3%.

B. Results of the validation study applied to the total primary point prevalence survey (n=3,958 patient records)

Validation data
Healthcare-associated infection No healthcare-associated infection Total

Primary data
Healthcare-associated infection 304a 63 367
No healthcare-associated infection 62 3,529b 3,591
Total 366 3,592 3,958

Sensitivity: 304/366*100 = 83.1%; specificity: 3,529/3,592*100 = 98.2%.
The 10 European Union Member States that took part in the validation part of the study were Bulgaria, Finland, Germany, Hungary, Italy, 
Latvia, Lithuania, Poland, Spain, United Kingdom.
a	 304 = PPV*367.
b	 3,529 = NPV*3,591.
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Table 2
Validation of the point prevalence survey for healthcare-associated infections (HAIs), by type of HAI, 10 European Union 
Member States, 2011 (n=1,912 patient records)a 

Types of HAI N Sensitivity 
% (95%CI)b

Specificity 
% (95%CI)b

PPV
% (95%CI)b

NPV
% (95%CI)b Κappa

All HAIs 233 83.1 (78.7–86.7) 98.2 (97.7–98.6) 82.8 (77.4–87.4) 98.3 (97.5–98.8) 0·81 
Bloodstream infections 12 83.3 (50.9–97.1) 99.9 (99.6–100) 83.3 (51.6–97.9) 99.9 (99.6–100) 0.83
Gastrointestinal infections 13 92.9 (64.2–99.6) 100 (99.7–100) 100 (75.3–100) 99.9 (99.7–100) 0.96
Lower respiratory tract 
infections 5 100 (46.3–100) 100 (99.7–100) 100 (47.8–100) 100 (99.8–100) 1.00

Pneumonia 52 95.9 (89.3–98.7) 99.9 (99.7–100) 95.9 (89.9–98.9) 99.9 (99.6–100) 0.96
Surgical site infections 56 98.2 (89.2–99.9) 99.9 (99.7–100) 98.2 (90.4–100) 99.9 (99.7–100) 0.98
Urinary tract infections 27 92.6 (74.2–98.7) 99.9 (99.6–100) 92.6 (75.7–99.1) 99.9 (99.6–100) 0.93

CI: confidence interval; NPV: negative predictive value; PPV: positive predictive value.
The 10 European Union Member States that took part in the validation part of the study were Bulgaria, Finland, Germany, Hungary, Italy, 
Latvia, Lithuania, Poland, Spain, United Kingdom.
a	 Number of patient records used for validation, which could be matched to those reported in the primary point prevalence survey data.
b	 95% CIs have been adjusted to the overall prevalence among the primary cases (9%).

Table 3
Validation of the point prevalence survey for assessing antimicrobial use, 10 European Union Member States, 2011
A. Validation of the point prevalence survey (n=1,912 patient records)

Validation data
Antimicrobial No antimicrobial Total

Primary data
Antimicrobial 833 45 878
No antimicrobial 37 997 1,034
Total 870 1,042 1,912

Positive predictive value (PPV): 833/878 = 94.9%; negative predictive value (NPV): 997/1,034 = 96.4%.

B. Results of the validation study applied to the total primary point prevalence survey (n=3,958 patient records)

Validation data
Antimicrobial No antimicrobial Total

Primary data
Antimicrobial 1,427a 77 1,504
No antimicrobial 88 2,366b 2,454
Total 1,515 2,443 3,958

Sensitivity: 1,427/1,515*100 =94.2%; specificity; 2,366/2,443*100 = 96.8%.
The 10 European Union Member States that took part in the validation part of the study were Bulgaria, Finland, Germany, Hungary, Italy, 
Latvia, Lithuania, Poland, Spain, United Kingdom.
a	 1,427 = PPV*1,504.
b	 2,366 = NPV*2,454.

Antimicrobials administered N Sensitivity 
% (95%CI)b

Specificity 
% (95%CI)b

PPV
% (95%CI)b

NPV
% (95%CI)b Κappa

Patients on antimicrobials 878 94.2 (92.9–95.3) 96.8 (96.1–97.5) 94.9 (93.2–96.2) 96.4 (95.1–97.5) 0.91
Parenteral route 843 97.3 (95.9–98.3) 88.6 (84.4–91.9) 95.8 (94.3–97.1) 92.5 (88.9–95.3) 0.87
Oral route 281 88.2 (83.8–91.5) 97.6 (96.3–98.5) 92.9 (89.2–95.6) 95.9 (94.4–97.1) 0.87

CI: confidence interval; NPV: negative predictive value; PPV: positive predictive value.
The 10 European Union Member States that took part in the validation part of the study were Bulgaria, Finland, Germany, Hungary, Italy, 
Latvia, Lithuania, Poland, Spain, United Kingdom.
a	 Number of patient records used for validation, which could be matched to those reported in the primary point prevalence survey data.
b	 95% CIs have been adjusted to the overall prevalence among the primary cases (38%).

Table 4
Validation of the point prevalence survey for antimicrobial use, by administration route, 10 European Union Member 
States, 2011 (n=1,912 patient records)a
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interpretation of the data. This study is the first multi-
country validation study undertaken on the first ECDC 
PPS dataset. Based on the findings, a revised protocol 
for data validation of the PPS of HAIs and antimicrobial 
use in European acute care hospitals was made avail-
able in 2012. This protocol might be helpful to other 
countries considering similar studies in the future [4].

The validation component identified an overall sensi-
tivity of 83% (95% CI: 79–87%) and specificity of 98% 
(95% CI: 98–99%) for the presence of HAI. The level of 
agreement between the primary analysis and the vali-
dation assessment was very good across all the types 
of HAI. Previous studies indicated some variation at the 
level of individual types of HAI. In these studies respir-
atory tract infections had lower sensitivity, specificity 
and inter-rater reliability than other types of HAI [11-
13]. However, the results of this pilot study indicated a 
high level of specificity and a high level of agreement 
for these types of HAIs. It is likely that the training 
given to support ECDC PPS has had an impact on the 
good validity results in our pilot study, however, this is 
difficult to assess and, to our knowledge, no study has 
been published to date assessing the effect of training 
on data validity. Moreover, the relatively good sensitiv-
ity and specificity results found in our pilot study may 
have been influenced by the ‘experimental’ conditions 
(e.g. selection of two hospitals per country willing to 
participate), which may have resulted in higher sen-
sitivity and specificity than would have been found in 
validation across a non-selected group of hospitals. 
Indeed, in four national validation surveys carried out 
in 2012 during the second phase of the ECDC PPS, the 
average sensitivity of reporting HAIs was 71.9%, con-
siderably lower in our pilot study [1]. The sensitivity 
(83%) in our study indicates potential underreporting 
of HAIs in the ECDC PPS. This underreporting of HAIs 
may have resulted from difficulties with application of 
definitions or availability of patient record information 
at the time of data collection. To the authors’ knowl-
edge, this was the first study which formally validated 
the reporting of antimicrobial use within a PPS study. 
Antimicrobial use had a high sensitivity of 94% (95% 
CI: 93–95%) and specificity of 97% (95% CI: 96–98%) 
with a very good level of agreement. Validation of the 
route of antimicrobial showed that oral antimicrobials 
were frequently reported as parental antimicrobials.

Other variables within the validation dataset were well 
recorded. A complex patient records review study by 
Yawn and Wollan (2005) [14] found that demographic 
data that required copying explicit information (e.g. 
sex, birth date), ‘free-text’ data that required identify-
ing and copying (e.g. chief complaints and diagnoses), 
and data that required abstractor judgment in deter-
mining what to record (e.g. whether heart disease was 
considered) differed in terms of rates of agreement. In 
our study, agreement between the validation and the 
primary data collectors on more basic demographic 
variables ranged from moderate for the McCabe score 
to very good for sex and age. This finding was in line 

with the scarce literature published to date [11-12,15-
19], wherein basic demographic variables such as age 
and sex tend to have very good levels of agreement 
compared to those variables where interpretation is 
required, such as the McCabe score or other markers 
of co-morbidity. The variables requiring abstractor 
judgment in this pilot validation study usually involved 
verification with a clinician present on the ward, which 
may account for the higher than expected validity.

The IRR component showed that the in-hospital IRR 
reliability was very good, for HAIs and antimicrobial 
use. This level of agreement was also found for other 
variables with the notable exception of HAI origin, 
which had a fair/marginal κappa. No studies that have 
looked formally at IRR in more than one country were 
identified in the literature. One study [17] did exam-
ine the difference between teams of data collectors 
within an Indonesian PPS and indicated that inter-
observer variation differed significantly between the 
teams of data collectors in terms of completeness of 
data, and most importantly in the number of detected 
HAIs. Differences of note in this previous study were 
with respect to surgical site infection, urinary tract 
infection and septicaemia (p = 0.01) and the reported 
agreement (κ) did not exceed 0.59 for any type of HAI 
[17]. Their evaluation indicated that ascertainment was 
affected by underreporting in patient records, and the 
retrospective nature of data collection for validation 
purposes.

Variable Numbera Agreement 
rate Kappa

HAI present 202 96% 0.92
Pneumonia 133 100% 1.00
Other lower respiratory 
infection 133 100% 1.00

Antimicrobial use 217 97% 0.92
Fluoroquinolone use 254 97% 1.00
Oral route 253 99% 0.95
Parental route 253 99% 0.94
Surgical prophylaxis 253 99% 0.93
Device present 93 96% 0.81
HAI origin 91 96% 0.31

HAI: healthcare-associated infection.
The eight European Union Member States that took part in inter-
rater reliability part of the study were Bulgaria, Finland, Germany, 
Italy, Lithuania, Poland, Spain, United Kingdom.
a	 Number of variables recorded for all patients; one patient can 

have more than one HAI.

Table 5
Inter-rater reliability results by selected variables, 
pilot validation study of a point prevalence survey on 
healthcare-associated infections and antimicrobial use, 
eight European Union Member States, 2011 (n=44 raters 
and 195 patient records)
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While the issue of record keeping with respect to device 
use, infection criteria and antimicrobial use, had been 
identified as a potential limitation at the outset of this 
study, the outcomes in the validation aspects of this 
pilot study were better than expected in this regard. 
The IRR results overall in this pilot study were better 
than those published previously in the literature with 
respect to presence of HAIs and types of HAI.
As with all observation studies of this nature there are 
a number of potential biases which are acknowledged 
herein. The first of these is the potential for selection 
bias as participating countries chose the hospitals and 
patient records; these were not randomly allocated at a 
country level. Observer bias potential is also acknowl-
edged as not all the validators were blinded to the pri-
mary results although the high levels of IRR indicate 
minimal risk of this.

In summary, this pilot study suggested that the ECDC 
PPS dataset of HAIs and antimicrobial use was valid 
and reliable. Basic demographic data and antimicro-
bial use data had very good levels of validity and reli-
ability and may not need to be routinely collected in 
future validation studies. The high specificity and IRR 
are an indication that the training on the case defini-
tions organised during preparation of the ECDC PPS 
was effective. The lower sensitivity findings show the 
potential for underreporting of HAIs in the ECDC PPS 
and highlight the importance of validation studies for 
future surveillance activities in order for the burden of 
HAI to be better estimated.
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Poland: Aleksander Deptula, Waleria Hryniewicz; Spain: Jose 
Angel Rodrigo Pendas, Josep Rafart Vaqué.
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Post-discharge surveillance (PDS) for surgical site 
infections (SSIs) normally lasts 30 days, or one year 
after implant surgery, causing delayed feedback to 
healthcare professionals. We investigated the effect 
of shortened PDS durations on SSI incidence to deter-
mine whether shorter PDS durations are justified. We 
also studied the impact of two national PDS methods 
(those mandatory since 2009 (‘mandatory’) and other 
methods acceptable before 2009 (‘other’)) on SSI inci-
dence. From Dutch surveillance (PREZIES) data (1999–
2008), four implant-free surgeries (breast amputation, 
Caesarean section, laparoscopic cholecystectomy and 
colectomy) and two implant surgeries (knee replace-
ment and total hip replacement) were  selected . We 
studied the impact of PDS duration and method on SSI 
incidences by survival and Cox regression analyses. We 
included 105,607 operations. Shortened PDS duration 
for implant surgery from one year to 90 days resulted 
in 6–14% of all SSIs being missed. For implant-free 
procedures, PDS reduction from 30 to 21 days caused 
similar levels of missed SSIs. In contrast, up to 62% 
of SSIs (for cholecystectomy) were missed if other 
instead of mandatory PDS methods were used. Inferior 
methods of PDS, rather than shortened PDS durations, 
may lead to greater underestimation of SSI incidence. 
Our data validate international recommendations to 
limit the maximum PDS duration (for implant surger-
ies) to 90 days for surveillance purposes, as this pro-
vides robust insight into trends.

Introduction
Surgical site infections (SSIs) are a major complication 
following surgery, causing an important increase in 
both postoperative morbidity and mortality and health-
care-associated costs [1]. In the Netherlands, SSIs 
account for about 25% of healthcare-related infections 
[2], making them one of the most common nosocomial 
infections. Cumulative incidences of SSIs (commonly 
referred to as SSI rates) are considered the primary 
indicator of the quality of surgical and postoperative 

care. They are, therefore, an important measure in sur-
veillance systems for healthcare-associated infections.

Identifying SSIs is multidimensional. Case finding using 
inpatient data may be homogeneous across hospitals: 
however, focusing only on inpatient data from the ini-
tial surgical admission is insufficient [3-5]. As hospi-
tal stays have become increasingly shorter, a growing 
proportion of SSIs is recognised after discharge. 
Therefore, for measuring SSI incidence, post-discharge 
surveillance (PDS) has become inevitable. If no PDS is 
performed, the incidence of SSIs will be greatly under-
estimated [4-6] and comparisons between hospitals 
may be flawed. When PDS is performed, two important 
aspects influence the incidence of SSIs: duration of 
follow-up and method of follow-up.

Until recently, international consensus was that PDS 
should be performed up to 30 days, or, if an implant 
is inserted, one year after the operation [7,8]. For rea-
sons of simplicity and to reduce the burden of perform-
ing PDS, the United States Centers for Disease Control 
and Prevention (CDC) in summer 2013 decided to link 
the duration of PDS to the type of surgery instead of 
the presence of implants, and to reduce the maxi-
mum duration of PDS from one year to 90 days [9,10]. 
Although not officially published yet, for similar rea-
sons, the European Centre for Disease Prevention and 
Control (ECDC) adopted the 90-day PDS for implant sur-
geries in 2014 (C. Suetens, personal communication, 15 
December 2014). By making these changes, the inter-
national consensus on the recommended duration of 
PDS has been lost and is currently subject to research.

Whereas consensus on the duration of PDS is being 
sought, there is, however, still no international 
agreement about the preferred method of PDS. As a 
result, there is widespread use of various methods 
that may cause an underestimation of the incidence 
of SSIs [3,6,11,12]. In the Dutch national nosocomial 
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surveillance network (PREZIES), several methods of 
PDS were used until 2009. By 2009, however, two meth-
ods for PDS found to be superior, but labour intensive 
[3,11], became mandatory, as did the duration of PDS: 
30 days (non-implant) or one year (implant). These two 
commitments have led to problems of delayed feedback 
and increased workload for healthcare professionals.
As swift communication of surveillance results after 
the surgery will help to stimulate healthcare profes-
sionals to act and improve, and as the previous inter-
national consensus on duration of PDS was lost, the 
main goal of our study was to investigate the effect of 
shorter PDS durations on incidence of SSIs, in order to 
determine a justifiable and advisable duration of PDS. 
We also aimed to quantify the impact of the manda-
tory PDS methods and ‘other’ PDS methods that were 
acceptable before 2009, in detecting more or less SSIs, 
and then we compared this impact with the effect of 
shorter PDS durations on SSI incidences.

Methods

Design, definitions and data  selection
We used data from PREZIES, the Dutch national noso-
comial surveillance network [3]. Hospitals in the 
Netherlands participate voluntarily in this network and 
may  select  surgical procedures for SSI surveillance. 
PREZIES distinguishes superficial SSIs from deep SSIs, 
the latter being an umbrella term for so-called deep 
incisional and organ-space SSIs. In accordance with 
international guidelines, SSIs were defined as infec-
tions that originated within 30 days after surgery (deep 
and superficial SSIs) or one year after implant sur-
gery (only deep SSIs) [7,8]. An implant is defined as a 

non-human-derived, implantable foreign body that is 
permanently placed in a patient during surgery. All SSI 
surveillance data are collected locally by the hospitals. 
Further details on PREZIES and data collection, valida-
tion, and monitoring quality and reliability have been 
described previously [3].

SSIs occurring after discharge from hospital were 
detected by PDS. The operations in the PREZIES data-
base were divided into two groups: those followed up 
using so-called ‘mandatory’ PDS methods and all other 
operations (‘other’ PDS) (Table 1). The mandatory PDS 
methods comprise two methods considered superior 
[11]: (i) use of a registration card; and/or (ii) retrospec-
tive examination of medical records for all operated 
patients. Both have a high sensitivity for capturing 
SSIs [11] and meet the following five requirements: they 
detect SSIs during the initial admission, readmission 
or outpatient time, as well as those treated at a differ-
ent facility (except for surgeries exclusively performed 
by referral hospitals) and have a mandatory duration of 
either 30 days (implant free) or one year (implant used). 
These methods of PDS were recommended from 1998 
to 2008 and became mandatory in 2009. In contrast to 
operations in the mandatory PDS group, those in the 
other PDS group were followed up using a variety of 
PDS methods not fulfilling the mandatory PDS require-
ments, including using no PDS at all. As such, they dif-
fer from the mandatory PDS methods in their way of 
case finding and/or in their duration. Although their 
follow-up ranges from no PDS to PDS methods similar 
to (but not qualifying for) the mandatory methods, the 
majority of the other PDS group consists of PDS per-
formed by checking records of readmitted patients.

PDS group Method of PDS

Detection of SSIs Mandatory 
PDS duration 

of 30 days (no 
implant) or one 
year (implants)

During initial 
admission

Found by 
readmission

Occurring and 
treated during 

outpatient time

Treated at 
a different 

facility

‘Mandatory’ 
PDSa

Registration card in medical records of 
all operated patients Yes Yes Yes Yesb Yes

Retrospective examination of the 
medical records of all operated patients Yes Yes Yes Yesb Yes

‘Other’ 
PDSc

Methods below combined as a group Mostlyd Mostlyd Sometimesd Sometimesd No
‘Passive’ PDS: examination of medical 
records of readmitted patients No Yes No No No

Less frequently used ‘other’ PDS 
methodse Yesd

Mostly, 
depends on 

method usedd

Depends on 
method usedd

Depends on 
method usedd No

No PDS performed Yes No No No No

SSI: surgical site infection; PDS: post-discharge surveillance; PREZIES: Dutch national nosocomial surveillance network.
a	 Methods of PDS considered superior and being used mandatorily in PREZIES since 2009.
b	 Method of case finding not suitable for surgeries exclusively performed by referral hospitals.
c	 All other ways of follow-up used in PREZIES not meeting the criteria for mandatory PDS methods, including performing no PDS. 
d 	 Not always reliable.
e	 For instance, registration card in medical records of a selection of patients, retrospective examination of the medical records of a selection 

of patients, questionnaires of the patient and/or surgeon, interview of the patient by phone, etc.

Table 1
Methods of post-discharge surveillance for surgical site infections, the Netherlands, 1999–2008
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The date of last follow-up was not available from 
PREZIES data, but it was not necessary as we calcu-
lated duration of PDS according to mandatory PDS 
definitions: 30 days (implant free) or one year (implant 
used). In case of an SSI, the duration of PDS was the 
date of infection minus the date of surgery. As we 
wanted to compare the incidences for the group of 
other PDS methods from a 30-day or one-year perspec-
tive too, the PDS durations were calculated the same 
way for this group.

We  selected  data from a 10-year period (1999–2008), 
with the upper limit chosen to include data from both 
PDS groups (mandatory and other) for each  selected  
year. Six surgical procedures were chosen for investi-
gation: two procedures with implants (total hip replace-
ment and knee replacement) and four implant-free 
procedures (breast amputation, colon resection, lapa-
roscopic cholecystectomy and Caesarean section). SSI 
incidence was determined for each surgical procedure.

Statistical analysis
We analysed the effect of PDS duration on cumula-
tive incidences of SSIs within both PDS groups using 
crude SSI incidences that combined deep and super-
ficial SSIs. We plotted cumulative SSI incidences over 
time for both PDS groups (Kaplan–Meier survival tech-
niques). To be able to compare the effect of better (man-
datory) methods with the effect of shorter durations, 
we calculated crude SSI incidences for each surgical 
procedure after 90 days, 180 days and one year of PDS 
for implant procedures, or after 21 days and 30 days of 
PDS for implant-free surgical procedures. Durations of 
21 days and 180 days were arbitrarily chosen but give 
insight into the timing of infections after surgery. Using 
the longest PDS duration as a gold standard, we quan-
tified the proportion of SSIs that would be missed by 
shortening the PDS duration. Finally, for specific time 
intervals, we calculated the number of detected SSIs 
as a percentage of the total number at the end of the 
PDS.

We compared SSI incidences of both PDS groups for 
each type of surgery by calculating the relative risk of 
detecting an SSI (hazard ratio (HR)) for other PDS meth-
ods compared with mandatory PDS methods, while 
taking into account varying durations of the PDS (Cox 
regression analyses). To account for potential confound-
ing (factors associated with the PDS group influencing 
the HR), we also performed multivariable Cox regres-
sion analyses. Several patient-specific and procedure-
specific confounders were considered: the American 
Society of Anesthesiologists score (ASA, a physical 
status classification system) [13], wound contamina-
tion class [14], sex, age, year of surgery (accounting for 
yearly differences in hospitals’ participation, with their 
differences in methods of PDS used) and duration of 
surgery. The potential confounders (determinants) were 
tested for their impact on the regression coefficient. A 
determinant altering the coefficient of the (univariate) 
analysis by 10% or more was considered a confounder 
and was included in the multivariable model by manual 
forward inclusion. This procedure was repeated for 
other potential confounders until the final model was 
constructed. For each type of surgery, we converted 
the resulting HRs into the proportion of SSIs that would 
be missed when choosing other instead of mandatory, 
methods of PDS (proportion missed = (1 − HR) × 100). 
Again, all analyses were performed at 21 days and 30 
days (implant-free procedures) or at 90 days, 180 days 
and one year (implant procedures). Most Cox regres-
sion analyses were performed for deep and superficial 
SSIs, both in combination and separately.

Statistical significance was defined at 0.05, and a 
power of 80% was chosen. All statistical procedures 
were performed with SAS software, version 9.3 (SAS 
institute).

Results

Data  selection
From 1999 to 2008, PREZIES collected data on 
234,841 surgical procedures. For the six surgical 

 Surgical procedure Number of 
procedures 

Mean age in years 
(SD)

Mean duration of 
surgery in minutes 

(SD)

Percentage  of men  
(n)

Percentage  
followed using 
mandatory PDS 

methods (n)
Caesarean section 7,991 30.7 (5.0) 37.3 (20.6) NA 75 (6,007)
Breast amputation 5,893 60.2 (14.1) 74.7 (32.8) 1 (42) 54 (3,165)
Laparoscopic cholecystectomy 4,464 50.8 (15.7) 58.5 (36.1) 26 (1,176) 36 (1,588)
Colon resection 5,710 67.3 (14.0) 113.4 (56.4) 48 (2,713) 57 (3,275)
Total hip replacement 49,040 69.2 (10.5) 74.7 (37.3) 31 (15,150) 67 (33,089)
Knee replacement 32,509 69.1 (9.8) 80.7 (40.4) 29 (9,415) 66 (21,511)

NA: not applicable; PDS: post-discharge surveillance; SD: standard deviation.

Table 2
Details of patients whose operations (n=105,607) were included in the analysis of post-discharge surveillance of surgical site 
infections, the Netherlands, 1999–2008
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Figure 1
Cumulative incidence of surgical site infections, the Netherlands, 1999–2008 (n=105,607)

SSI: surgical site infection; PDS: post-discharge surveillance; PREZIES: Dutch national nosocomial surveillance network.
Crude cumulative SSI incidence is shown over time for the ‘mandatory’ methods of PDS (blue line) and ‘other’ methods of PDS (green line) for 
the six surgical procedures. Mandatory PDS methods are considered superior and have been mandatory in PREZIES since 2009. ‘Other’ PDS 
methods are all other methods used in the PREZIES surveillance of SSIs not meeting the criteria for mandatory PDS methods.
Deep and superficial SSIs were combined. For the two procedures with implants (knee and total hip replacement), the maximum PDS duration 
is one year. For the other four procedures, the maximum PDS duration is 30 days.
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Figure 2
Distribution of site infections detected by post-discharge surveillance, by time interval, the Netherlands, 1999–2008 
(n=68,635)

A. Surgery without implants: Caesarean section,  breast amputation, laparoscopic cholecystectomy and colon resection

B. Surgery with implants: total hip replacement and knee replacement

SSI: surgical site infection; PDS: post-discharge surveillance; PREZIES: Dutch national nosocomial surveillance network.
The proportion of SSIs detected during each PDS time interval is displayed as a percentage of the total number of SSIs detected. Only SSIs 
detected by the ‘mandatory’ methods of PDS are presented; deep and superficial SSIs combined. For the four procedures without implants 
(panel A) the PDS duration (30 days) is divided into four intervals; for the two procedures with implants (panel B) the PDS duration of one 
year) is divided into five intervals.
Mandatory PDS methods are considered superior and have been mandatory in PREZIES since 2009. 
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procedures under investigation, data on 127,705 sur-
geries was available; 7,000 were excluded because it 
was unknown whether an implant was used. Another 
11,819 records were excluded because either no use of 
implants was registered (knee replacement and total 
hip replacement) or use of implants was registered in 
a predominantly implant-free procedure (breast ampu-
tation, colon resection, laparoscopic cholecystectomy 
or Caesarean section). Finally, 3,279 surgical proce-
dures were excluded because the method of PDS was 
unknown. Therefore, our results are based on data 
from 105,607 operations, which were collected at 87 
hospital sites in the Netherlands. The patient charac-
teristics are described in Table 2.

Effect of post-discharge surveillance duration 
on incidence of surgical site infections
Cumulative SSI incidences over time for both PDS 
groups for the six surgical procedures show that most 
SSIs were detected in the first weeks and months of 
follow-up (Figure 1).

The distribution of SSIs detected per time interval as 
a percentage of the total number of SSIs detected with 
the mandatory methods of PDS is shown in Figure 2. An 
additional 6% (3/53, cholecystectomy) to 17% (27/161, 
breast amputation) of all SSIs were detected in the 
final nine days of a 30-day follow-up (Figure 2, Table 3). 
Furthermore, 94% (700/748, hip) and 86% (292/340, 
knee) of all SSIs were already detected after 90 days 
of a one-year follow-up. After 180 days of follow-up, 
97% (726/748) and 92% (313/340), respectively, were 
detected. The same analyses for the other methods of 
PDS yielded comparable results (Table 3).

Impact of post-discharge surveillance method 
on incidence of surgical site infections
Our results show an important difference between 
both PDS groups regarding the percentage of SSIs 
detected (Figure 1, Table 3). Crude SSI incidences at 
the end of PDS were lower for the other PDS methods 
(0.60% (12/1,984) to 11.17% (272/2,435)) than for the 
mandatory PDS methods (1.55% (93/6,007) to 14.35% 
(470/3,275)), except for hip replacements.

The HRs comparing the SSI incidences of other PDS 
methods with those of mandatory PDS methods, while 
accounting for differences between both groups, con-
firm a lower chance of detecting SSIs by other methods 
of PDS in five of the six types of surgery (statisti-
cally significant for four of the procedures) (Table 4). 
Analyses for a PDS duration of 21 days (implant-free 
procedures) and 180 days (knee replacement and total 
hip replacements) yielded similar results (data not 
shown).
 
Up to 62% of all SSIs (for cholecystectomy) may be 
missed during the surveillance when other methods 
of PDS are used instead of the mandatory methods. 
Additional analysis into impact of PDS methods on 
deep vs superficial SSI incidences indicated that in 
colon resection, it was only superficial (and not deep) 
SSI incidence that dropped when other instead of man-
datory methods of PDS were used (HR: 0.74; 95% CI: 
0.57–0.96). For the remaining four types of surgery 
showing a decreased SSI incidence when other PDS 
methods were used, the incidence of superficial SSIs 
as well as deep SSIs dropped, although the latter 
especially was not always statistically significant. HRs 
and 95% CIs for superficial and deep SSIs respectively 
were: Caesarean section 0.35 (0.21–0.70, superficial) 

Type of surgery Duration of PDS

Detection of SSIs by ‘other’ PDS methods  
compared with ‘mandatory’ PDS methods

Hazard ratio (95%CI) Variables adjusted for Percentage SSIs missed 
by ‘other’ methods

Caesarean section 30 days 0.39a (0.21–0.71) NAa 61
Breast amputation 30 days 0.59 (0.43–0.81) Y 41
Laparoscopic cholecystectomy 30 days 0.38 (0.23 - 0.63) Y 62
Colon resection 30 days 0.91 (0.77–1.07) Y, A, W 9

Total hip replacement
90 days 1.06 (0.92–1.21) Y, A, Ag, D −6

1 year 1.04 (0.92–1.19) Y, A, Ag, D −4

Knee replacement
90 days 0.79 (0.64–0.98) Y, A 21

1 year 0.78 (0.64–0.95) Y, A 22

A: American Society of Anesthesiologists (ASA) score [13]; Ag: age; CI: confidence interval; D: duration of surgery; NA: not applicable; PDS: 
post-discharge surveillance; PREZIES: Dutch national nosocomial surveillance network; SSI: surgical site infection; W: wound class [14]; Y: 
year of surgery.
Mandatory PDS methods are considered superior and have been mandatory in PREZIES since 2009. ‘Other’ PDS methods are all other methods 
used in the PREZIES surveillance of SSIs not meeting the criteria for mandatory PDS methods.
a	 No confounding detected; univariate hazard ratio presented.

Table 4
Comparison of methods of post-discharge surveillance on the detection of surgical site infections, the Netherlands, 1999–2008 
(n=105,607)
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and 0.64 (0.18–2.34, deep); breast amputation 0.50 
(0.34–0.73) and 0.84 (0.49–1.45); laparoscopic chol-
ecystectomy 0.13 (0.06–0.27) and 0.85 (0.43–1.69); 
and knee replacement 0.73 (0.54–1.00) and 0.75 
(0.58–0.98).

Discussion

Duration of post-discharge surveillance
Although the cumulative incidence of SSIs varied 
greatly between procedures, the number of new SSIs 
detected decreased during the PDS for all types of sur-
gery; SSIs were detected primarily in the first weeks 
or months of the surveillance. A reduction in the PDS 
duration for implant procedures from one year to 90 
days would potentially miss only 6% (hip replace-
ment) and 14% (knee replacement) of SSIs. This would 
result in a decrease of the SSI incidence of 0.14% (from 
2.26% to 2.12%) and 0.22% (from 1.58% to 1.36%) 
respectively, meaning that for every 714 hip or 455 
knee replacements, one SSI would be missed. In other 
words, shortening the duration of PDS by nine months 
would not cause a substantial drop in SSI incidence. 
When the aim is to report SSIs for clinical purposes, 
missing even a small proportion of SSIs might be unac-
ceptable. For surveillance purposes, however, not only 
the reliability of the SSI incidence but also the work-
load involved in PDS and the speed of feedback to 
the healthcare professional must be considered. It is 
acceptable for surveillance of SSIs to underestimate 
actual SSI incidence, as long there are other impor-
tant advantages of the surveillance. The advantages of 
a shorter PDS seem not to outweigh the effect on the 
SSI incidence for implant-free surgeries. After all, up 
to 17% (breast amputation) of the identified SSIs were 
detected in the final period (days 22–30), and these 
additional nine days of PDS would not have a consider-
able impact on workload or swiftness of the feedback. 
For implant procedures, however, considering all the 
effort required to perform a one-year-long PDS and the 
advisability of returning surveillance results to health-
care professionals sooner rather than later, it would be 
worthwhile to shorten the recommended PDS duration.

Methods of post-discharge surveillance
SSI incidence varied between the types of procedure, 
but there was also a great variation in SSI incidence 
between the two groups of PDS methods. We found 
that the chances of detecting SSIs in implant-free pro-
cedures were lower (HRs varying from 0.38 (95% CI: 
0.23–0.63) to 0.91 (95% CI: 0.77–1.07) when other, 
instead of mandatory, PDS methods were used. For 
implant surgery, the results were less straightforward. 
The crude SSI incidence did not differ significantly 
between the other and mandatory methods of PDS. 
When adjusted for available confounders, however, the 
mandatory methods of PDS again resulted in signifi-
cantly improved detection of SSIs for knee-replacement 
surgery (HR: 0.79 (95% CI: 0.64–0.98)). There may be 
several reasons why the mandatory PDS methods were 
not more sensitive for hip replacements. Firstly, due to 

the severe complications of a deep SSI in the hip joint, 
patients with deep SSIs following hip replacement are 
always readmitted. This makes other methods of PDS 
such as ‘only checking readmitted patients’ more sen-
sitive for hip replacement surgery than for procedures 
with less severe SSIs. Another explanation could be 
our observation that the other PDS methods used for 
the surveillance of hip- (and to a lesser degree, knee-) 
replacement surgery were in general more similar to 
the mandatory methods of PDS than the other PDS 
methods used following other types of surgery.

In general, the decrease in detection of superficial SSIs 
by other methods was more noticeable than that of 
deep SSIs. The better detection of SSIs using manda-
tory methods of PDS can be explained by the fact that 
the these methods obviously aim at finding cases dur-
ing more stages (during initial admission, readmission, 
outpatient time, and for those treated in another hospi-
tal) and does so for a mandatory period (30 days or one 
year). In addition, since superficial SSIs do not always 
require readmission and thus are more easily missed 
using ‘other’ PDS methods, the better detection of 
SSIs by mandatory PDS was logically more marked for 
superficial SSIs than for deep SSIs.

The Dutch mandatory methods of PDS are considered 
labour intensive due to the use of specific case-find-
ing methods for several stages during the (mandatory) 
long period. Especially for PDS durations of one year, 
the surveillance work is generally carried out twice for 
each operated patient (after one to three months, and 
again after a year) or more frequently. Nevertheless, 
when compared with other methods of PDS, the 
increased detection of SSIs (up to 62% for cholecystec-
tomy) justifies the use of the mandatory methods. We 
are convinced that the costs and time saved by short-
ening the mandatory PDS durations from one year to 
90 days can be applied to improve and intensify exist-
ing methods of PDS.

Comparison with literature
Our study focused on the effect of both PDS duration 
and PDS method on SSI incidence and on the tim-
ing (accumulation) of SSIs. To the best of our knowl-
edge, no European studies and only a few American 
and Canadian studies have analysed timing of SSIs to 
quantify the impact of a shorter PDS duration [10,15-
18]. None of these studies used survival techniques 
to visually demonstrate the accumulation of SSIs over 
time. Also, we are not aware of any studies in which 
multivariable Cox regression models were used to ana-
lyse the impact of method of PDS on incidence of SSIs.

Our results are in line with other studies investigat-
ing the effect of duration of PDS on SSI incidence. The 
vast majority of SSIs were detected within a 90-day 
window [10,15-18], varying from about 70% [10] to 
100% [17]. After 90 days, only a few more SSIs were 
detected, triggering discussion about whether those 
late SSIs are truly due to preventable issues during the 
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operation [16]. Three of the five studies mentioned [15-
17] confirm our finding that more SSIs are missed after 
knee-replacement surgery than after hip replacement 
surgery when the follow-up is reduced to 90 days.

Regarding the impact of different methods of PDS on 
SSI incidence, some studies have tried to compare the 
results of different methods of PDS [3,4,6,12,19,20]. 
Similar to our results, most conclude that enhanced 
efforts to perform PDS result in an improved detec-
tion of deep and (more markedly) superficial SSIs 
[3,4,19,20]. Thus, hospitals using improved surveil-
lance methods will be ‘penalised’ with a higher inci-
dence of SSIs, especially superficial SSIs.

To prevent hospitals being penalised in this way, 
Wilson et al. propose that the use of in-hospital inci-
dence density (number of SSIs per 1,000 post-opera-
tive inpatient days) might be a more reliable indicator 
than cumulative incidence for comparison between 
hospitals or countries [21]. After all, in-hospital case 
finding is probably more homogeneous across hospi-
tals than post-discharge case finding, and, by focusing 
on inpatient data alone, differences in methods of PDS 
do not influence the indicator. By focusing on inpatient 
data, however, the differences in post-operative hospi-
tal stay largely influence the number of SSIs detected. 
When the cumulative incidence is linearly related to 
length of time after surgery, the incidence density ade-
quately adjusts for these differences in post-operative 
hospital stay. However, as we have shown in our analy-
sis, the cumulative incidence is not a linear function of 
time after surgery, but has an S-shaped curve (Figure 
1). As a result, calculations of in-hospital incidence 
density depend on the duration of post-operative hos-
pital stay. During the first 10–14 days after surgery, a 
longer hospital stay leads to a higher incidence den-
sity (slope of line drawn from origin O to a point on 
the steep part of the curve). After that, however, the 
incidence density will decrease again (slope of a line 
drawn from origin O to a point on the flattened right 
part of the curve). Thus, even with perfect detection 
of SSIs, the in-hospital incidence density depends on 
the average duration of admission after surgery, and 
will be progressively underestimated as the time after 
surgery increases beyond two weeks. Therefore, we 
are convinced that a fixed, mandatory duration of fol-
lowing patients after surgery should be recommended 
to keep data comparable. The second-best option, if 
durations of follow-up do differ, the use of incidence 
densities could be considered but certainly has many 
limitations.

Strengths and limitations of our study
The strength of our study is that we gained insight 
into cumulative SSI incidences over time using survival 
techniques. Additionally, besides comparing crude 
SSI incidences, we used multivariable regression 
techniques to compare both groups of PDS methods, 
which allowed for correction for possible confounders. 
The correction, however, was probably not complete, 

resulting in some residual confounding in our analyses. 
For instance, since method of PDS was obviously not 
randomised within the hospitals, we corrected for dif-
ferences in PDS by using ‘year of surgery’ as a proxy 
(to account for yearly differences in hospitals’ partici-
pation with their differences in methods of PDS used). 
Since we used a proxy, this correction is probably 
incomplete. On the other hand, it seems unlikely that 
our results can be explained by hospitals with lower 
‘true’ SSI incidences systematically choosing other 
methods of PDS instead of mandatory methods. We 
would rather expect the opposite, which would result 
in an underestimation of the effect found in this study. 
Finally, we are convinced that by using surveillance 
data, we studied daily practice; therefore, the study 
itself caused no  selection  or changes in professional 
behaviour for the detection of SSIs.

A potential weakness is the fact that sometimes there 
was not enough power to significantly identify (small) 
differences, especially for surgical procedures with a 
low SSI incidence, or for procedures with a relatively 
small number of operations, or both. Another point is 
that we included two orthopaedic procedures for the 
implant surgeries; we could not include other implant 
procedures (for example, breast-enlargement surgery) 
because not enough data were available. Also, the 
Dutch mandatory methods of PDS are not an interna-
tional gold standard for detecting SSIs, and the ana-
lysed group of other PDS methods is a collection of 
several different methods of PDS. And finally, since 
durations for mandatory PDS were a mandatory 30 
days or one year, we accordingly assumed all follow-
up durations in absence of an SSI to be 30 days or one 
year. If there were any records in the mandatory PDS 
group that did not completely comply with the proto-
col for mandatory PDS, this assumption may have been 
incorrect. This may have caused an underestimation 
of SSI incidence for the mandatory PDS group, mak-
ing the detected differences between both PDS groups 
smaller. However, using the experience from our visits 
to the hospitals (as part of our quality assurance sys-
tem) [22], we are of the opinion that this effect is either 
non-existent or negligible.
In the Dutch surveillance network, many hospitals 
chose knee- or hip-replacement surgeries for their sur-
veillance of SSIs. From our visits to the hospitals [22], 
we noticed that the other PDS methods for these sur-
geries were often more similar to the mandatory PDS 
methods (and hence of higher quality regarding detec-
tion of SSIs) than those for procedures less frequently 
included in the surveillance. Therefore, the results of 
comparing both PDS groups for hip replacements and 
knee replacements may not simply be generalised to 
all implant surgeries. However, the effect of shortening 
the PDS duration did not differ between both groups 
of PDS methods. We, therefore, hypothesise that our 
conclusions and advice regarding shortening the PDS 
duration for knee replacements and total hip replace-
ments may be generalised to other implant procedures. 
Nevertheless, we consider it prudent to perform similar 
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analyses for other implant procedures to confirm our 
results.

Recent developments and implications
In July 2013, the United States CDC’s National 
Healthcare Safety Network (NHSN) reduced the maxi-
mum PDS duration from one year to 90 days [9,10]. 
This change was made on the recommendation of an 
SSI surveillance working group (CDC working with 
clinical partners) that was supported by the Healthcare 
Infection Control Practices Advisory Committee 
(HICPAC). Reasons for changing the PDS duration were 
that ‘The benefits include simplicity, a shorter follow-
up time for many procedures that will reduce burden, 
and an opportunity to intensify post-discharge surveil-
lance efforts for a shorter follow-up period’ [10] and the 
data presented to support the NHSN decision [10,16-
18] are in line with our results. Another advantage of 
a shorter PDS duration could be that those hospitals 
and countries currently investing more time and energy 
than others in the final nine months of surveillance will 
no longer be ‘penalised’ with higher SSI incidences 
for their efforts. This will make inter-hospital or inter-
country comparisons of SSI incidences more valuable, 
although ranking of hospitals or countries based on 
SSI incidence should be avoided [23].

Conclusion and recommendation
A one-year PDS for hip- and knee-replacement sur-
gery no longer seems justified, since a 90-day PDS 
would capture the majority of the SSIs equally as well. 
Maintaining a PDS duration of 30 days for implant-free 
surgeries, however, is still recommended.

Although a small proportion of the SSIs would be 
missed for implant procedures, shortening the duration 
of PDS to 90 days would substantially facilitate prompt 
feedback to healthcare professionals and reduce work-
load for those performing the surveillance. Also, we 
conclude that choosing a method of PDS superior in 
detecting SSIs (such as the Dutch mandatory methods) 
is at least as important as choosing a sensible duration 
of PDS, because inferior methods of PDS may lead to 
greater underestimation of SSI incidence than shorter 
PDS durations do.

Our data validate international recommendations to 
limit the duration of PDS for implant surgeries to 90 
days for surveillance purposes, as this provides robust 
insight into trends. Costs and time saved by shorten-
ing the duration of PDS can be applied to improve the 
methods of PDS.
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