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Background: In 2011—2012, the European Centre for Disease Prevention and Control
(ECDC) initiated the first European point prevalence survey (PPS) of healthcare-associated
infections (HCAIs) in addition to targeted surveillance of the incidence of specific types of
HCAI such as surgical site infections (SSls).

Aim: To investigate whether national and multi-country SSI incidence can be estimated
from ECDC PPS data.

Methods: In all, 159 hospitals were included from 15 countries that participated in both
ECDC surveillance modules, aligning surgical procedures in the incidence surveillance to
corresponding specialties from the PPS. National daily prevalence of SSls was simulated
from the incidence surveillance data, the Rhame and Sudderth (R&S) formula was used to
estimate national and multi-country SSI incidence from the PPS data, and national inci-
dence per specialty was predicted using a linear model including data from the PPS.
Findings: The simulation of daily SSI prevalence from incidence surveillance of SSls
showed that prevalence fluctuated randomly depending on the day of measurement. The
correlation between the national aggregated incidence estimated with R&S formula and
observed SSI incidence was low (correlation coefficient = 0.24), but specialty-specific
incidence results were more reliable, especially when the number of included patients
was large (correlation coefficients ranging from 0.40 to 1.00). The linear prediction model
including PPS data had low proportion of explained variance (0.40).

Conclusion: Due to a lack of accuracy, use of PPS data to estimate SSI incidence is rec-
ommended only in situations where incidence surveillance of SSls is not performed, and

where sufficiently large samples of PPS data are available.

Crown Copyright © 2019 Published by Elsevier Ltd

on behalf of The Healthcare Infection Society. All rights reserved.

Introduction

Incidence surveillance is regarded as the reference standard
for surveillance of healthcare-associated infections (HCAIs),
and many countries perform targeted HCAI incidence surveil-
lance, such as surveillance of surgical site infections (SSls)
[1—3]. Incidence surveillance provides reliable estimates and
can be used to evaluate and address changes in time, but it is
also useful for setting priorities in infection prevention and
control. Nevertheless, targeted incidence surveillance only
provides information on a fraction of HCAIs. For this reason,
since the 1990s several European countries have supplemented
their ongoing incidence surveillance programmes by perform-
ing regular point prevalence surveys (PPSs) of HCAls. In
2011—-2012, the European Centre for Disease Prevention and
Control (ECDC) initiated the first PPS of HCAls and antimicrobial
use in European acute care hospitals to supplement European
targeted incidence surveillance [4—6]. In general, PPS data are
more prone to variation by chance than are incidence surveil-
lance data, as PPSs are performed on a single day. However,
when repeated at regular intervals, PPSs can play an important
role for identifying high-risk areas and studying trends, espe-
cially for frequent outcomes or indicators [7,8].

To estimate the burden of HCAIs from PPS data, a formula
proposed by Rhame and Sudderth (R&S) can be used to convert
prevalence to incidence [9]. This formula has been frequently
used for all types of HCAl combined [2,4,10—15]. Although
several studies have confirmed the relationship between inci-
dence and prevalence, not all studies recommend conversion
with the R&S formula as a reliable alternative to incidence

surveillance [2,10,11]. The formula has only been sporadically
applied to estimate the incidence of specific types of HCAI, and
the few studies that compared such estimates of SSI incidence
with the actual incidence of SSIs yielded mixed results
[10,16,17]. However, because these studies were performed at
national level, it is unclear whether the R&S formula is appli-
cable on a larger, multi-country scale.

Reliable estimates of SSI incidence from PPS data would be
useful for estimating the burden of all HCAIls at national and
multi-country level. Within Europe, this would be useful to
estimate SSl incidence from ECDC PPS data in countries that do
not participate in the ECDC incidence surveillance of SSls, or to
estimate the incidence of all SSIs in surgical procedures,
including those not included in the incidence surveillance
[5,6]. The current study investigated whether national and
multi-country SSI incidence can be estimated reliably from
ECDC PPS data.

Methods
ECDC PPS of HCAIs and incidence surveillance of SSIs

Data on SSIs were available from two of ECDC’s surveillance
modules: the PPS of HCAIs and antimicrobial use in European
acute care hospitals 2011—2012 and the continuous incidence
surveillance of SSls. Both the PPS and incidence surveillance
could be performed collecting patient-based data or only
aggregated data. For this study, only the patient-based data
were used.
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PPS data were collected during one of four possible periods:
May—June or September—November in 2011 or 2012. In the
PPS, all patients admitted to an acute care ward on the day of
the PPS were included and patient characteristics (e.g. age,
sex, and patient specialty) and data on risk factors (e.g.
McCabe score) were collected [18,19]. Also, information on
whether the patient had undergone a surgical procedure during
the current hospitalization and whether this procedure was
included in the National Healthcare Safety Network (NHSN)
categories was reported [20]. No information on the type of
procedure was reported. In case of an SSl, presence on
admission or the date of onset during the current hospital-
ization were collected.

The incidence surveillance of SSIs included seven types of
surgical procedures: coronary artery bypass graft, chol-
ecystectomy, colon surgery, caesarean section, hip prosthesis,
knee prosthesis, and laminectomy [21]. The collected data
included patient and procedure characteristics (e.g. age, sex,
duration of surgical procedure, American Society of Anaes-
thesiologists (ASA) score, and wound contamination class) as
well as the presence of an SSI, the date of onset, and whether
the SSI was diagnosed post discharge.

For both the PPS and the SSI incidence surveillance, SSls
were reported if they occurred within 30 days after the surgical
procedure or within one year in the case of deep or organ/
space SSls in procedures involving implants [18].

Data selection

Data were used from several EU/EEA countries (UK: Eng-
land, Northern lIreland, Scotland, and Wales reported data
separately and are referred to as countries) participating in
20112012 in both the PPS and in incidence surveillance of
SSls. Only data from countries giving consent to the linking of
hospitals in the corresponding datasets were included. Because
anonymized hospital codes were used, and these differed in
the two datasets, countries had to map the codes to link data
for the same hospital across the two datasets. The seven types
of surgical procedure reported in the incidence surveillance of
SSls were matched to five corresponding specialties from the
PPS; cholecystectomy and colon surgery were matched to
digestive tract surgery (DTS), hip and knee prosthesis to
orthopaedics and surgical traumatology (ORT), coronary artery
bypass graft to cardiovascular surgery (CVS), caesarean section
to obstetrics (OBS), and laminectomy to neurosurgery (NEU).
Since most of the hospitals did not perform incidence surveil-
lance of SSIs for all types of surgical procedure, PPS data were
included only for those specialties also reported by the hospital
in the incidence surveillance. In addition, only patients who
underwent a surgical procedure included in the NHSN categ-
ories during their current hospital stay were considered in the
PPS data, and SSIs present on hospital admission were exclu-
ded. From the incidence surveillance, SSIs that were diagnosed
post discharge were excluded.

Statistical analyses

Three different statistical analyses were performed. First,
the national daily SSI prevalence was simulated from the inci-
dence surveillance data to assess the stability and variation of
estimates of daily SSI prevalence. The simulations for each
specialty were performed separately and for all specialties

combined, and for each country and for each day during the
PPS periods, the number of surgical patients present on the
wards (all patients and those with an SSI) were identified. From
these numbers, the national daily SSI prevalence was esti-
mated. These simulations (per specialty and for all specialities
combined) were performed only when at least 10 surgical
patients were hospitalized on each day of the PPS period.
Results were examined graphically to assess the stability of the
simulated daily SSI prevalences.

Second, to estimate national and European SSI incidence
from SSI prevalence for the five specialties included, the R&S
formula was used [9]:

LA
LN — INT

where LA represents the median length of hospital stay of all
surgical patients, LN the median length of hospital stay of
surgical patients who acquired an SSI, and INT is the median
interval between hospital admission and onset of SSI. Since in a
PPS, the patients’ date of hospital discharge is generally
unknown, the parameters LA and LN could not be derived
directly from PPS data but were estimated by taking the date of
PPS as an approximation of the date of discharge. SSl incidence
estimated by the R&S formula was then compared with SSI
incidence observed in the incidence surveillance of SSls using
95% confidence intervals (Cls) for both the estimated and
observed SSI incidences, and Spearman’s correlation coef-
ficients were computed between observed and estimated SSI
incidences.

Third, a linear regression model was developed to predict
the national SSI incidence per specialty from the PPS. The
variables considered were SSI prevalence, specialty, country,
estimated LA, LN, INT, LN — INT, LA/ (LN — INT) and (LN — INT)/
LA, gender, age, McCabe score, distribution of hospital size and
type, number of hospitals, and percentage of hospitals with SSI
prevalence >0%. All variables were aggregated per specialty at
national level. Countries were distinguished through the lat-
itude and longitude of their respective capital cities in order to
take into account possible geographical gradients in SSI inci-
dence [22]. The predictive performance of the models was
cross-validated using a dataset including all countries except
one, hereby validating the robustness of the model for coun-
tries participating in the PPS but not the incidence surveillance
of SSls [23]. The proportion of explained variance (PEV) was
used to identify the model with the best performance and the
distribution of the difference between the predicted and
observed incidence was visualized.

The prediction models were developed using R statistical
software (version 3.0.1); other analyses were performed using
SAS (version 9.3) and STATA (version 13).

Incidence = Prevalence x

Results

In 2011—2012, 17 countries participated in both the PPS and
the incidence surveillance of SSIs following the patient-based
protocol. Of these, 15 agreed to participate in the study and
linked the hospitals across both datasets (Supplementary
Figure S1). After selecting hospitals which had performed
both the PPS and the incidence surveillance of SSIs for the same
surgical specialties, data on 159 hospitals were available for
analysis. Of these, 118 hospitals from 13 countries had
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performed surveillance of SSIs in ORT procedures, 71 hospitals
(nine countries) in DTS procedures, 68 hospitals (12 countries)
in OBS procedures, 13 hospitals (five countries) in NEU pro-
cedures and 10 hospitals (eight countries) in CVS procedures.
Table | shows the SSI prevalence per surgical specialty as
measured in the PPS and the SSI incidence per 100 surgical
procedures from the incidence surveillance of SSls.

Simulation of SSI prevalence from SSI incidence

Twenty-six aggregated (all specialties combined) and 50
specialty-specific simulations of national SSI prevalence were
performed, including at least 10 hospitalized surgical patients
throughout the PPS period. Overall, the SSI prevalence fluc-
tuated substantially during these two-month periods, without a
clear weekly or monthly pattern. The simulated daily specialty-
specific SSI prevalence fluctuated randomly from 0% to 36.4%
for DTS, 0% to 12.5% for ORT, 0% to 26.3% for CVS, and 0% to
6.3% for OBS (not performed for NEU). The simulated national
daily SSI prevalence for all specialties combined varied ran-
domly between 0% and 21.1%. Supplementary Figure S2a—d
shows examples of these simulations.

Estimation of SSI incidence from SSI prevalence using
the R&S formula

The estimates of SSI incidence obtained from SSI prevalence
from the PPS using the R&S formula are shown in Figure 1 and
Table I, as national aggregated estimates, national specialty-
specific estimates, and specialty-specific estimates for all
countries combined. The correlation between the observed
and estimated SSl incidence was low (correlation coefficient =
0.24) and the estimated SSI incidence fell within the 95% Cl of
the observed SSI incidence in only two of the 15 countries.

The specialty-specific results (Figure 1) were plotted for
countries reporting an SSI prevalence >0%. Correlations
between the estimated and observed SSl incidence were higher
for individual specialties than for all specialties combined (in
the range of 0.40—1.00). The estimated SSI incidence was
within the 95% Cl of the observed SSl incidence for ORT and NEU
only when all countries were combined (Table I). At the country
level, the estimated SSI incidence was within the 95% Cl of the
observed SSI incidence in 11 (52.3%) of 21 specialty-specific
estimations.

Prediction of SSI incidence from SSI prevalence using
linear regression

The model best predicting the national specialty-specific SSI
incidence included the estimated LN, country (as the latitude
of the capital city) and specialties, and yielded the following
predictor of SSI incidence:

SSlincidence = 9.88 — 0.03 x LN — 0.08 x country — 4.14 x ORT
—1.00 x CVS —5.49 x OBS — 4.02 x NEU

The performance of the model is summarized in Figure 2. Its
PEV was 0.40, and in 95% of the time the prediction error
(observed incidence minus predicted incidence) ranged
between —3.6% and 5.8%. Adding the SSI prevalence to the
model did not result in increased performance (PEV = 0.36).

Table |

Comparison of the SSI incidence, estimated from SSI prevalence, using Rhame and Sudderth’s formula, and by a prediction model, with the observed SSI incidence (SSI incidence

surveillance results), per specialty, 2011 and 2012

Observed SSI incidence,

Prediction model, predicted

Rhame and Sudderth’s formula

LN®

Observed SSI prevalence,

No. of

Specialty

ECDC SSI surveillance

SSI incidence

Estimated SSI incidence

ECDC PPS 2011—-2012 LA INT?

hospitals

% (95% Cl)
5.4 (5.0—5.8)

(%)
0.2 (0.2—0.3)

% (95% Cl) (days) (days) (days) % (95% CI)?
2.0 (1.3-3.1)

4.4 (2.0—6.8)
1.4 (1.0-2.0)

5.4
0.6

18
38

71

118

Digestive tract surgery

0.3 (0.2—0.4)

10

Orthopaedics and surgical

traumatology
Cardiovascular surgery

Obstetrics

4.4 (3.8-5.1)

3.4
0.2

2.5 (1.4—4.2)
1.1 (0.2-6.2)
1.2 (0.2—-6.4)

6.5

50

13

8.3 (4.8—13.9)
0.4 (0.1-2.1)

10
68
13

0.5 (0.4—0.5)
1.0 (0.7—1.6)

1.5

22
SSl, surgical site infection; ECDC, European Centre for Disease Prevention and Control; PPS, point prevalence survey; LA, median length of stay in the hospital of all surgical patients, based on

ECDC PPS date of admission and date of the PPS; LN, median length of stay in the hospital of surgical patients who acquired an SSI, based on ECDC PPS date of admission and date of PPS; INT,

median interval between hospital admission and onset of SSI for surgical patients, based on ECDC PPS date of admission and date of SSI; Cl, confidence interval.

1.2 (0.2—6.4)

Neurosurgery

2 Estimated incidence by Rhame and Sudderth’s formula = prevalence * LA/ (LN — INT).
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Figure 1. Observed and estimated surgical site infection (SSI) incidences (using the Rhame and Sudderth (R&S) formula), per 100 surgical
procedures. Results are shown aggregated (all types of surgical procedure) and by specialty, and are displayed by country (filled circles)
and for all countries pooled (open triangles). In the panel ‘All types of procedure’, one extreme pair of data points is not displayed
(country result: observed incidence: 0.5; estimated incidence: 35.3). The diagonal line indicates equal observed and estimated inci-
dences. Spearman’s correlation coefficients were calculated for country results only and are shown on the panels where relevant. For
countries that are not displayed, this is because either this specialty was not reported in the incidence surveillance of SSls, or the R&S
formula included variables for which there were more than 10% missing data at patient level, or one or more variables in the formula
could not be determined due to absence of SSI. In the latter case, these countries were still included in analyses on all types of procedure,
pooled.
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model included the estimated median length of stay in the hospital of surgical patients who acquired an SSI (LN), country (as the latitude
of the capital city), and the specialty. (a) Predicted incidence plotted against the observed incidence. The diagonal line indicates equal
observed and estimated incidences. (b) Distribution of the prediction error calculated as the difference between the observed incidence
and the predicted incidence. The vertical dotted lines represent the mean (in red) and the 95% prediction interval (in blue). The 95%
prediction interval ranged from —3.6% to 5.8%.
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Subsequently, the model was applied to predict the specialty-
specific SSI incidence for all countries included in our study. For
DTS, the predicted SSI incidence of 5.4% matched the observed
SSlincidence of 5.4% in the incidence surveillance of SSls (from
Table 1). For NEU, the predicted SSI incidence of 1.5% was
within the 95% Cl of the observed SSI incidence, whereas, for
other surgical procedures, the model poorly predicted SSI
incidence (see Table I).

Discussion

Our study investigated how SSI prevalence relates to SSI
incidence by evaluating two possible methods to estimate the
national and multi-country SSI incidence using data from the
ECDC PPS 2011—2012. The first method, the Rhame and Sud-
derth (R&S) formula, appeared unreliable for estimating SSI
incidence for all the specialties combined [9]. Results were
more promising when the method was used to estimate SSI
incidence for individual surgical specialties. This applied
especially to ORT, the specialty for which most results were
available, as hip and knee prosthesis are the most frequently
reported procedures in the ECDC incidence surveillance of SSls.
For other specialties with smaller numbers of procedures,
specialty-specific results were prone to variation.

The second method was a model developed to predict SSI
incidence per specialty. The results of this model showed that
there was no combination of determinants obtained from the
PPS data that provided an accurate prediction of SSI incidence.
For this model all variables collected in the ECDC PPS were
considered, including all parameters in the R&S formula. Some
of the important risk factors for SSI (e.g. ASA score, wound
class, and operation duration) were not included as they were
not collected in the PPS. Eventually, only LN, country latitude
and specialty were included in the model. Adding SSI preva-
lence did not increase the model performance, possibly due to
a daily variability in SSI prevalence also shown in our simu-
lations. When looking at the performance of the other pre-
dictor variables in the model, surgical specialty appeared to be
the most important predictor of SSl incidence, due to the large
differences in risk of SSI between specialties. This is com-
parable to what was found in another study that described a
model aiming to predict SSI incidence at the level of individual
hospitals [17].

In contrast to regression modelling, the R&S formula is
widely applied to convert HCAI prevalence into incidence,
following PPSs [2,4,10—15]. However, the reliability of the R&S
formula has been questioned when applied to HCAIs [10,15,24],
and even more when applied to SSIs [10,16,17]. For example,
Gastmeier et al. estimated SSI incidence in eight German
hospitals, and although it was theoretically possible to convert
SSI prevalence into incidence the authors advised against using
the R&S formula [10]. A Dutch study also concluded that the
R&S formula performed poorly when estimating hospital-wide
SSI incidence, especially when SSIs diagnosed post discharge
were included in the analysis [17]. In a Scottish report on the
2007 national HCAI prevalence survey, estimates of SSI inci-
dence were presented per surgical category [16]. None of these
three studies, however, was able to reliably assess the validity
of the R&S formula for specific surgical specialties because of
the limited number of patients registered in the prevalence
surveys.

To the best of our knowledge, this is the first study using a
multi-country database to compare the SSI incidence esti-
mated from SSI prevalence using the R&S formula with
observed SSI incidence from continuous surveillance. It is also
the first study for which a model to predict SSI incidence based
on PPS data from several countries has been developed. Our
data were collected using standardized case definitions and
protocol. However, using surveillance data for research pur-
poses has some limitations.

First, the number of surgical specialties included in the PPS
was larger than the number of types of procedure included in
the incidence surveillance. The incidence surveillance of SSIs
focuses on a limited number of common surgical procedures, as
inclusion of all types of procedure would be too resource-
demanding. However, according to data from several national
SSI incidence surveillance systems, the incidence in surgical
procedures included in the ECDC incidence surveillance was
similar to the SSI incidence for the whole specialty
(Supplementary Table S1) [25—31]. The only exception was CVS
for which marked differences in SSl incidence were observed in
some surveillance systems. We thus assumed that matching, at
national level, the types of procedure from the ECDC incidence
surveillance of SSlIs and that of the PPS provides a reliable
approximation.

Second, analyses were restricted to SSls that could be linked
to a surgical procedure during the current hospitalization and
all the SSIs that were diagnosed post-discharge were excluded.
This was done because the PPS by definition only captures
infections in inpatients, and the type of surgical procedure was
not reported for patients in the PPS who were readmitted and
had undergone surgery during a previous hospitalization.

Third, the relationship between SSI prevalence and SSI
incidence depends on the duration of the SSI (LN-INT in the R&S
formula), which was approximated in our study by the differ-
ence between the date of in-hospital SSI and date of PPS. To
improve the results of the estimation of SSI incidence with the
R&S formula, median instead of mean estimates were used for
LA, LN, and INT, because median values correlated better with
actual values derived from incidence surveillance than the
mean values. PPSs are generally biased towards patients with a
longer hospital stay, therefore median values are more likely to
give robust estimates. This was also concluded in a previous
report based on the ECDC PPS of HCAIs [4].

Fourth, only a small number of hospitals participated in both
the ECDC incidence surveillance of SSls and the PPS simulta-
neously, owing to the largely voluntary nature of participation
in these activities in most countries. The percentage of hos-
pitals per country that participated in incidence surveillance of
SSls ranged from 8.5% to 85.7% of the number of hospitals of the
country that were included in the PPS. Together with the often
limited number of patients reported in a single PPS, this
reduced the stability in daily prevalence of SSlIs, making the
comparisons between PPS and SSI surveillance data more
complicated, as can be noted with the wide confidence inter-
vals for the estimated incidence of SSls.

In PPS reports, SSI prevalence is frequently presented as an
aggregated outcome [4]. This is partially because the number
of patients might be too small to show results per specialty or
type of procedure, but also because a PPS is aiming not only at
SSIs but at all HCAIs in general. PPS results are therefore more
useful to identify areas of interest for infection prevention and
control and to visualize (multi-)country trends than for actual
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risk estimation. By contrast, the large differences in SSI risk
between specialties render an overall incidence with all spe-
cialties combined of limited value. Incidence surveillance of
SSls aims to give accurate and detailed information and gives
more precise estimates of SSI rates. The results can be used to
compare the hospital incidence of SSIs with national incidence,
or to compare national incidence between countries. The
inclusion of post-discharge data provides a more compre-
hensive descriptor of burden and comparator between spe-
cialties. One should always keep in mind these important
differences between PPS and incidence surveillance, as these
differences make them complementary. We therefore
emphasize the different roles and the importance of both
surveillance methods.

In conclusion, this study shows that a single PPS is not as
reliable as continuous surveillance to estimate SSI incidence,
especially when the sample size is small. Nevertheless, when
PPS data are used for such estimation, the variability of the
daily SSI prevalence needs to be taken into account using
confidence intervals for the estimated SSI incidence, as the
limited number of patients causes the SSI prevalence to fluc-
tuate considerably. In addition, the results of the estimated
specialty-specific SSI incidence and the prediction model
highlight the need to take surgical specialty into account
whenever possible. PPS data should only be used to estimate
SSI incidence in situations where incidence surveillance data
are not available, and where there are sufficiently large sam-
ples of prevalence data available, such as PPS data from all EU/
EEA countries combined. Finally, even when countries do not
continuously participate in incidence surveillance of SSls, they
should attempt to periodically participate in the ECDC sur-
veillance module to allow a more robust estimation of SSI
incidence for the targeted types of surgical procedure.

Acknowledgements

The authors thank M.C. Vos for her contribution to the
proposal for the study.

Conflict of interest statement
None declared.

Funding sources
None.

Appendix A. Supplementary data

Supplementary data to this article can be found online at
https://doi.org/10.1016/j.jhin.2019.06.015.

References

[1] Gravel D, Taylor G, Ofner M, Johnston L, Loeb M, Roth VR, et al.
Point prevalence survey for healthcare-associated infections
within Canadian adult acute-care hospitals. J Hosp Infect
2007;66:243—8.

[2] Ustun C, Hosoglu S, Geyik MF, Parlak Z, Ayaz C. The accuracy and
validity of a weekly point-prevalence survey for evaluating the
trend of hospital-acquired infections in a university hospital in
Turkey. Int J Infect Dis 2011;15:e684—7.

[3] Haley RW. Surveillance by objective: a new priority-directed

approach to the control of nosocomial infections. The National

Foundation of Infectious Diseases lecture. Am J Infect Control

1985;13:78—89.

European Centre for Disease Prevention and Control. Point preva-

lence survey of healthcare-associated infections and antimicrobial

use in European acute care hospitals 2011—2012. Stockholm: ECDC;

2013.  Available at:  https://ecdc.europa.eu/sites/portal/

files/media/en/publications/Publications/healthcare-associated-

infections-antimicrobial-use-PPS.pdf [last accessed June 2019].

European Centre for Disease Prevention and Control. Surveillance

of surgical site infections in Europe 2010—2011. Stockholm: ECDC;

2013. Available at: https://ecdc.europa.eu/sites/portal/files/

media/en/publications/Publications/SSI-in-europe-2010-2011.pdf

[last accessed June 2019].

[6] European Centre for Disease Prevention and Control. Annual
epidemiological report for 2015: surgical site infections. Stock-
holm: ECDC; 2017. Available at: https://ecdc.europa.eu/sites/
portal/files/documents/AER_for_2015-surgical-site-infections_0.
pdf [last accessed June 2019].

[7] Llata E, Gaynes RP, Fridkin S. Measuring the magnitude of

hospital-associated infection in the United States: the value of

prevalence surveys. Clin Infect Dis 2009;48:1434—40.

Gastmeier P, Sohr D, Rath A, Forster DH, Wischnewski N,

Lacour M, et al. Repeated prevalence investigations on nosoco-

mial infections for continuous surveillance. J Hosp Infect

2000;45:47—-53.

Rhame FS, Sudderth WD. Incidence and prevalence as used in the

analysis of the occurrence of nosocomial infections. Am J Epi-

demiol 1981;113:1—11.

[10] Gastmeier P, Brauer H, Sohr D, Geffers C, Forster DH, Daschner F,
et al. Converting incidence and prevalence data of nosocomial
infections: results from eight hospitals. Infect Control Hosp Epi-
demiol 2001;22:31—4.

[11] Berthelot P, Garnier M, Fascia P, Guyomarch S, Jospé R, Lucht F,
et al. Conversion of prevalence survey data on nosocomial
infections to incidence estimates: a simplified tool for surveil-
lance? Infect Control Hosp Epidemiol 2007;28:633—6.

[12] Graves N, Nicholls TM, Wong CGS, Morris AJ. The prevalence and
estimates of the cumulative incidence of hospital-acquired
infections among patients admitted to Auckland District Health
Board Hospitals in New Zealand. Infect Control Hosp Epidemiol
2003;24:56—61.

[13] Kanerva M, Ollgren J, Virtanen MJ, Lyytikdinen O. Estimating the
annual burden of health care-associated infections in Finnish
adult acute care hospitals. Am J Infect Control 2009;37:227—30.

[14] Magill SS, Edwards JR, Bamberg W, Beldavs ZG, Dumyati G,
Kainer MA, et al. Multistate point-prevalence survey of health
care-associated infections. N Engl J Med 2014;370:1198—208.

[15] Cassini A, Plachouras D, Eckmanns T, Abu Sin M, Blank HP,
Ducomble T, et al. Burden of six healthcare-associated infections
on European population health: estimating incidence-based dis-
ability-adjusted life years through a population prevalence-based
modelling study. PLoS Med 2016;13:e1002150.

[16] Reilly J, Stewart S, Allardice G, Noone A, Robertson C, Walker A,
et al. NHS Scotland national HAI prevalence survey. Final report.
Glasgow: Health Protection Scotland; 2007. Available at: https://
www.hps.scot.nhs.uk/resourcedocument.aspx?resourceid=592
[last accessed June 2019].

[17] Meijs AP, Ferreira JA, de Greef SC, Vos MC, Koek MBG. Incidence
of surgical site infections cannot be derived reliably from point
prevalence survey data in Dutch hospitals. Epidemiol Infect
2017;145:970—-80.

[18] European Centre for Disease Prevention and Control. Point preva-
lence survey of healthcare associated infections and antimicrobial
use in European acute care hospitals — protocol version 4.3.

[4

finar}

[5

—_

8

—_—

[9

—


https://doi.org/10.1016/j.jhin.2019.06.015
http://refhub.elsevier.com/S0195-6701(19)30276-2/sref1
http://refhub.elsevier.com/S0195-6701(19)30276-2/sref1
http://refhub.elsevier.com/S0195-6701(19)30276-2/sref1
http://refhub.elsevier.com/S0195-6701(19)30276-2/sref1
http://refhub.elsevier.com/S0195-6701(19)30276-2/sref1
http://refhub.elsevier.com/S0195-6701(19)30276-2/sref2
http://refhub.elsevier.com/S0195-6701(19)30276-2/sref2
http://refhub.elsevier.com/S0195-6701(19)30276-2/sref2
http://refhub.elsevier.com/S0195-6701(19)30276-2/sref2
http://refhub.elsevier.com/S0195-6701(19)30276-2/sref2
http://refhub.elsevier.com/S0195-6701(19)30276-2/sref3
http://refhub.elsevier.com/S0195-6701(19)30276-2/sref3
http://refhub.elsevier.com/S0195-6701(19)30276-2/sref3
http://refhub.elsevier.com/S0195-6701(19)30276-2/sref3
http://refhub.elsevier.com/S0195-6701(19)30276-2/sref3
https://ecdc.europa.eu/sites/portal/files/media/en/publications/Publications/healthcare-associated-infections-antimicrobial-use-PPS.pdf
https://ecdc.europa.eu/sites/portal/files/media/en/publications/Publications/healthcare-associated-infections-antimicrobial-use-PPS.pdf
https://ecdc.europa.eu/sites/portal/files/media/en/publications/Publications/healthcare-associated-infections-antimicrobial-use-PPS.pdf
https://ecdc.europa.eu/sites/portal/files/media/en/publications/Publications/SSI-in-europe-2010-2011.pdf
https://ecdc.europa.eu/sites/portal/files/media/en/publications/Publications/SSI-in-europe-2010-2011.pdf
https://ecdc.europa.eu/sites/portal/files/documents/AER_for_2015-surgical-site-infections_0.pdf
https://ecdc.europa.eu/sites/portal/files/documents/AER_for_2015-surgical-site-infections_0.pdf
https://ecdc.europa.eu/sites/portal/files/documents/AER_for_2015-surgical-site-infections_0.pdf
http://refhub.elsevier.com/S0195-6701(19)30276-2/sref7
http://refhub.elsevier.com/S0195-6701(19)30276-2/sref7
http://refhub.elsevier.com/S0195-6701(19)30276-2/sref7
http://refhub.elsevier.com/S0195-6701(19)30276-2/sref7
http://refhub.elsevier.com/S0195-6701(19)30276-2/sref8
http://refhub.elsevier.com/S0195-6701(19)30276-2/sref8
http://refhub.elsevier.com/S0195-6701(19)30276-2/sref8
http://refhub.elsevier.com/S0195-6701(19)30276-2/sref8
http://refhub.elsevier.com/S0195-6701(19)30276-2/sref8
http://refhub.elsevier.com/S0195-6701(19)30276-2/sref9
http://refhub.elsevier.com/S0195-6701(19)30276-2/sref9
http://refhub.elsevier.com/S0195-6701(19)30276-2/sref9
http://refhub.elsevier.com/S0195-6701(19)30276-2/sref9
http://refhub.elsevier.com/S0195-6701(19)30276-2/sref10
http://refhub.elsevier.com/S0195-6701(19)30276-2/sref10
http://refhub.elsevier.com/S0195-6701(19)30276-2/sref10
http://refhub.elsevier.com/S0195-6701(19)30276-2/sref10
http://refhub.elsevier.com/S0195-6701(19)30276-2/sref10
http://refhub.elsevier.com/S0195-6701(19)30276-2/sref11
http://refhub.elsevier.com/S0195-6701(19)30276-2/sref11
http://refhub.elsevier.com/S0195-6701(19)30276-2/sref11
http://refhub.elsevier.com/S0195-6701(19)30276-2/sref11
http://refhub.elsevier.com/S0195-6701(19)30276-2/sref11
http://refhub.elsevier.com/S0195-6701(19)30276-2/sref12
http://refhub.elsevier.com/S0195-6701(19)30276-2/sref12
http://refhub.elsevier.com/S0195-6701(19)30276-2/sref12
http://refhub.elsevier.com/S0195-6701(19)30276-2/sref12
http://refhub.elsevier.com/S0195-6701(19)30276-2/sref12
http://refhub.elsevier.com/S0195-6701(19)30276-2/sref12
http://refhub.elsevier.com/S0195-6701(19)30276-2/sref13
http://refhub.elsevier.com/S0195-6701(19)30276-2/sref13
http://refhub.elsevier.com/S0195-6701(19)30276-2/sref13
http://refhub.elsevier.com/S0195-6701(19)30276-2/sref13
http://refhub.elsevier.com/S0195-6701(19)30276-2/sref14
http://refhub.elsevier.com/S0195-6701(19)30276-2/sref14
http://refhub.elsevier.com/S0195-6701(19)30276-2/sref14
http://refhub.elsevier.com/S0195-6701(19)30276-2/sref14
http://refhub.elsevier.com/S0195-6701(19)30276-2/sref15
http://refhub.elsevier.com/S0195-6701(19)30276-2/sref15
http://refhub.elsevier.com/S0195-6701(19)30276-2/sref15
http://refhub.elsevier.com/S0195-6701(19)30276-2/sref15
http://refhub.elsevier.com/S0195-6701(19)30276-2/sref15
https://www.hps.scot.nhs.uk/resourcedocument.aspx?resourceid=592
https://www.hps.scot.nhs.uk/resourcedocument.aspx?resourceid=592
https://www.hps.scot.nhs.uk/resourcedocument.aspx?resourceid=592
http://refhub.elsevier.com/S0195-6701(19)30276-2/sref17
http://refhub.elsevier.com/S0195-6701(19)30276-2/sref17
http://refhub.elsevier.com/S0195-6701(19)30276-2/sref17
http://refhub.elsevier.com/S0195-6701(19)30276-2/sref17
http://refhub.elsevier.com/S0195-6701(19)30276-2/sref17

[19]

[20]

[21]

[22]

[23]

[24]

[23]

[26]

A.P. Meijs et al. / Journal of Hospital Infection 103 (2019) 404—411

Stockholm, Sweden: ECDC; 2012. Available at: https://ecdc.
europa.eu/sites/portal/files/media/en/publications/Publications/
healthcare-associated-infections-antimicrobial-use-PPS.pdf  [last
accessed June 2019].

McCabe WR, Jackson GG. Gram-negative bacteremia: I. Etiology
and ecology. Arch Intern Med 1962;110:847-53.

Centers for Disease Control and Prevention. Surgical site Infec-
tions (SSI). January 2017. Available at: https://www.cdc.gov/
nhsn/acute-care-hospital/ssi/ [last accessed June 2019].
European Centre for Disease Prevention and Control. Surveillance
of surgical site infections in European hospitals — HAISSI protocol.
Version 1.02. Stockholm: ECDC; 2012. Available at: https://ecdc.
europa.eu/sites/portal/files/media/en/publications/Publications/
120215_TED_SSI_protocol.pdf [last accessed June 2019].

Tuite AR, Greer AL, Fisman DN. Effect of latitude on the rate of
change in incidence of Lyme disease in the United States. CMAJ
Open 2013;1:E43—7.

Mosteller F, Tukey JW. Data analysis and regression; a second
course in statistics. Reading, MA: Addison-Wesley; 1977.
Rossello-Urgell J, Rodriguez-Pla A. Behaviour of cross-section
surveys in the hospital setting: a simulation model. Infect Con-
trol Hosp Epidemiol 2005;26:362—8.

Mu Y, Edwards JR, Horan TC, Berrios-Torres Sl, Fridkin SK.
Improving risk-adjusted measures of surgical site infection for the
national healthcare safety network. Infect Control Hosp Epi-
demiol 2011;32:970—86.

Fukuda H, Kuroki M. The development of statistical models for
predicting surgical site infections in Japan: toward a statistical
model-based standardized infection ratio. Infect Control Hosp
Epidemiol 2016;37:260—71.

[27]

[28]

[29]

[30]

[31]

11

Nationales Referenzzentrum fir Surveillance von Nosokomialen
Infektionen. Model OP-KISS Referentzdaten, Berechnungszeitraum:
Januar 2005 bis Dezember 2009. Berlin: NRZ; 2010. Available at:
http://www.nrz-hygiene.de/fileadmin/nrz/download/200501_
200912_OP_reference.pdf [last accessed June 2019].

Nationales Referenzzentrum fiir Surveillance von Nosokomialen
Infektionen. Model OP-KISS Referenzdaten, Berechnungszei-
traum: Januar 2011 bis Dezember 2015. Berlin: NRZ; 2016.
Available at: http://www.nrz-hygiene.de/fileadmin/nrz/
module/op/201101_201512_OPRef.pdf [last accessed June 2019].
National Center for Epidemiology [Internet]. Budapest: Hungarian
national healthcare associated Infections surveillance system. A
Nemzeti Nosocomialis surveillance Rendszer (NNSR) eredményei.
2010—2014.  Available at: http://www.oek.hu/oek.web?
nid=1071&pid=1 [last accessed June 2019].

National Institute of Public Health and the Environment. Pre-
vention of healthcare associated Infections through surveillance
(Prezies). Referentiecijfers module POWI 2002—2011. Bilthoven.
The Netherlands: RIVM; 2014. Available at: http://www.rivm.nl/
Onderwerpen/P/PREZIES/Incidentieonderzoek_POWI/
Referentiecijfers_POWI [last accessed June 2019].

National Institute of Public Health and the Environment. Pre-
vention of Healthcare Associated Infections through surveillance
(Prezies). Referentiecijfers 2001 t/m 2011: Postoperatieve won-
dinfecties na hartchirurgie. Bilthoven, The Netherlands: RIVM;
2014. Available at: https://www.rivm.nl/sites/default/files/2018-
11/Referentiecijfers%20POWI%20HART%20tm%202011_versie7.pdf
[last accessed June 2019].


https://ecdc.europa.eu/sites/portal/files/media/en/publications/Publications/healthcare-associated-infections-antimicrobial-use-PPS.pdf
https://ecdc.europa.eu/sites/portal/files/media/en/publications/Publications/healthcare-associated-infections-antimicrobial-use-PPS.pdf
https://ecdc.europa.eu/sites/portal/files/media/en/publications/Publications/healthcare-associated-infections-antimicrobial-use-PPS.pdf
http://refhub.elsevier.com/S0195-6701(19)30276-2/sref19
http://refhub.elsevier.com/S0195-6701(19)30276-2/sref19
http://refhub.elsevier.com/S0195-6701(19)30276-2/sref19
https://www.cdc.gov/nhsn/acute-care-hospital/ssi/
https://www.cdc.gov/nhsn/acute-care-hospital/ssi/
https://ecdc.europa.eu/sites/portal/files/media/en/publications/Publications/120215_TED_SSI_protocol.pdf
https://ecdc.europa.eu/sites/portal/files/media/en/publications/Publications/120215_TED_SSI_protocol.pdf
https://ecdc.europa.eu/sites/portal/files/media/en/publications/Publications/120215_TED_SSI_protocol.pdf
http://refhub.elsevier.com/S0195-6701(19)30276-2/sref22
http://refhub.elsevier.com/S0195-6701(19)30276-2/sref22
http://refhub.elsevier.com/S0195-6701(19)30276-2/sref22
http://refhub.elsevier.com/S0195-6701(19)30276-2/sref22
http://refhub.elsevier.com/S0195-6701(19)30276-2/sref23
http://refhub.elsevier.com/S0195-6701(19)30276-2/sref23
http://refhub.elsevier.com/S0195-6701(19)30276-2/sref24
http://refhub.elsevier.com/S0195-6701(19)30276-2/sref24
http://refhub.elsevier.com/S0195-6701(19)30276-2/sref24
http://refhub.elsevier.com/S0195-6701(19)30276-2/sref24
http://refhub.elsevier.com/S0195-6701(19)30276-2/sref25
http://refhub.elsevier.com/S0195-6701(19)30276-2/sref25
http://refhub.elsevier.com/S0195-6701(19)30276-2/sref25
http://refhub.elsevier.com/S0195-6701(19)30276-2/sref25
http://refhub.elsevier.com/S0195-6701(19)30276-2/sref25
http://refhub.elsevier.com/S0195-6701(19)30276-2/sref26
http://refhub.elsevier.com/S0195-6701(19)30276-2/sref26
http://refhub.elsevier.com/S0195-6701(19)30276-2/sref26
http://refhub.elsevier.com/S0195-6701(19)30276-2/sref26
http://refhub.elsevier.com/S0195-6701(19)30276-2/sref26
http://www.nrz-hygiene.de/fileadmin/nrz/download/200501_200912_OP_reference.pdf
http://www.nrz-hygiene.de/fileadmin/nrz/download/200501_200912_OP_reference.pdf
http://www.nrz-hygiene.de/fileadmin/nrz/module/op/201101_201512_OPRef.pdf
http://www.nrz-hygiene.de/fileadmin/nrz/module/op/201101_201512_OPRef.pdf
http://www.oek.hu/oek.web?nid=1071&amp;pid=1
http://www.oek.hu/oek.web?nid=1071&amp;pid=1
http://www.oek.hu/oek.web?nid=1071&amp;pid=1
http://www.oek.hu/oek.web?nid=1071&amp;pid=1
http://www.rivm.nl/Onderwerpen/P/PREZIES/Incidentieonderzoek_POWI/Referentiecijfers_POWI
http://www.rivm.nl/Onderwerpen/P/PREZIES/Incidentieonderzoek_POWI/Referentiecijfers_POWI
http://www.rivm.nl/Onderwerpen/P/PREZIES/Incidentieonderzoek_POWI/Referentiecijfers_POWI
https://www.rivm.nl/sites/default/files/2018-11/Referentiecijfers%20POWI%20HART%20tm%202011_versie7.pdf
https://www.rivm.nl/sites/default/files/2018-11/Referentiecijfers%20POWI%20HART%20tm%202011_versie7.pdf

	Prevalence and incidence of surgical site infections in the European Union/European Economic Area: how do these measures re ...
	Introduction
	Methods
	ECDC PPS of HCAIs and incidence surveillance of SSIs
	Data selection
	Statistical analyses

	Results
	Simulation of SSI prevalence from SSI incidence
	Estimation of SSI incidence from SSI prevalence using the R&S formula
	Prediction of SSI incidence from SSI prevalence using linear regression

	Discussion
	Acknowledgements
	Conflict of interest statement
	Funding sources
	Appendix A. Supplementary data
	References


