Surveillance WHO guideline ‘Global guidelines for the

prevention of surgical site infection, second edition.
2018’

1 Disclaimer: This is a copy of “Chapter 3.2 Surgical site infection surveillance: definitions, methods and impact” of the WHO
guideline “Global guidelines for the prevention of surgical site infection, second edition. Geneva: World Health
Organization; 2018. License: CC BY-NC-SA 3.0 IGO.” (https://www.who.int/publications/i/item/global-guidelines-for-the-
prevention-of-surgical-site-infection-2nd-ed/).

Surgical site infection surveillance: definitions, methods and impact

The surveillance of healthcare-associated infections (HAI) is one of the core components of an
effective infection prevention and control (IPC) program (WHO, 2009A; Zingg, 2015). However,
defining, detecting, reporting, and interpreting HAI, including surgical site infections (SSl), is
challenging and requires expertise, time, and resource dedication.

Definitions of surveillance and SSI

Surveillance is defined as “the ongoing, systematic collection, analysis, interpretation and evaluation
of health data closely integrated with the timely dissemination of these data to those who need it”
(CDC, 1988).

There are many definitions of SSI and a systematic review identified as many as 41 different
definitions (Bruce, 2001). However, only five were described as being standardized definitions
created by multidisciplinary groups. More than one third of included studies used the Centers for
Disease Control and Prevention (CDC) definitions, either 1988 or 1992 (Garner, 1988; Horan, 1992).
While the authors of the review suggest that a single definition allows longitudinal analysis and
benchmarking, they conclude by stating that “there is no single, objective gold standard test for
surgical wound infection” (Bruce, 2001). Currently, many countries use the HAISSI protocol
developed by the European Centre for Disease Prevention and Control (ECDC) (ECDC, 2012).

Aims of surveillance

The primary aim of surveillance is the collection of data on SSI rates in order to obtain a measure of
the magnitude of the problem. These data must then be analyzed to identify and investigate trends,
including a careful interpretation of results. Finally, surveillance data should guide the identification
of improvement actions and evaluate the effectiveness of these interventions. In this context, the
feedback of SSI rates to relevant stakeholders is important.

Should surveillance be conducted?

The positive impact of HAI surveillance was first described in the landmark study on the efficacy of a
nosocomial IPC program conducted in the United States of America (USA) in the 1970s. In this trial, it
was shown that an IPC program with both surveillance and control components could lower SSI rates
significantly (Haley, 1980). Importantly, surveillance of SSl is part of the WHO safe surgery guidelines
(WHO, 2009B). Many countries have introduced mandatory surveillance of HAI, including SSI, such as
the United Kingdom and certain states in the USA, whereas other countries have voluntary-based
surveillance, such as France, Germany, and Switzerland. However, there are considerable differences
related to the length and type of surveillance (Wilson, 2012; NICE, 2011). Increasingly, national
networks and “networks of networks” are being created, such as the CDC National Healthcare Safety
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Network (NHSN), the ECDC HAI Surveillance Network (HAI-Net) and the International Nosocomial
Infection Control Consortium (INICC).

By using standardized definitions of HAI and specifically SSI, these networks allow inter-hospital
comparisons and benchmarking. An essential component of these surveillance networks is feedback
to individual hospitals, as discussed below.

It has been postulated that a “surveillance effect” might occur, similar to the Hawthorne effect in
clinical trials, that is, the simple fact of being conscious that one is being observed may
independently lead to improved practices or improved adherence to guidelines (Gastmeier, 2009).

Another way in which a successful surveillance program may decrease SSI rates is that the feedback
given to the institution may prompt investigation of why its rates are higher than the benchmark.
Certain process indicators (if not already collected) may then identify the reason for
“underperformance” and prompt local initiatives to improve performance on these indicators. There
is conflicting evidence that conducting surveillance as part of a network has a positive impact on SSI
rates (Table 1). Some studies report a successful reduction of SSlI rates after participationin a
surveillance network (Astagneau, 2009; Brandt, 2006; Geubbels, 2006; Haley, 1985; HPA, 2009;
Mannién, 2008), while others report no effect (Staszewicz, 2014). However, there is an important
methodological issue that could “dilute” the reduction in the time trend of SSI rates, which is the fact
of adding smaller hospitals in a network without taking into account their year of participation in the
network. This obstacle was overcome in an analysis of German data where hospitals were stratified
by year of participation (Gastmeier, 2009) and in an analysis of Dutch (Geubbels, 2006) and Swiss
(Staszewicz, 2014) data where SSI rates were stratified by surveillance time to operation in
consecutive one-year periods using the first year of surveillance as a reference. The Dutch and
German studies reported decreasing time trends of SSI rates after surveillance, whereas the Swiss
study did not.

Table 1. Temporal trends of SSI rates after surveillance in selected networks (adapted from Astagneau, 2010)!

Author, year Country (name of network) Duration of | Procedures Change in SSI rate
surveillance

Astagneau, 2009 | France (ISO-RAISIN) 8 years Various -30%

Brandt, 2006 Germany (KISS) 4 years Various -25%

Geubbels, 2006 | The Netherlands (PREZIES) 5 years Various -57%

Haley, 1985 USA (SENIC) 5 years Various -35%

HPA, 2009 England (SSISSF) 5 years Orthopedic -64 to -69%

Mannién, 2008 The Netherlands (PREZIES) 10 years Various -60%

Staszewicz, 2014 | Switzerland (regional network) | 13 years Various 3t022%

1 The study by Mannién, 2008 was not included in the WHO table. As it was mentioned in the text, the working group
decided to add the data to Table 1.

Conversely, as shown in clinical trials, intensive surveillance may lead to the detection of higher SSI
rates than under standard surveillance conditions. As an example, in a recent clinical trial comparing
skin antiseptic agents for caesarean section, the SSI rate was 4.0% in one arm and 7.3% in the other
(Tuuli, 2016). These rates seem higher than the most recently available data from the ECDC, which
show an SSI rate of 2.9% (inter-country range: 0.4%-6.8%) (ECDC, 2013).

Establishing a surveillance system
According to the US Association for Professionals in Infection Control and Epidemiology (APIC), there
is “no single or “right” method of surveillance design or implementation” (Lee, 2007). However, the



following minimal requirements for ensuring quality of surveillance have been identified by the
Association (Lee, 2007):

e A written plan that states goals, objects and elements of surveillance process;

e Constant rigor of intensity of surveillance;

e Consistent elements of surveillance (for example, definitions, calculation methods);
e Adequate human resources (professionals trained in epidemiology);

e Informatic services, computer support;

e Evaluation methods.

For a surveillance program to be successful, there should be a method of data validation to ensure
that data are accurate and reliable (Mannién, 2007), particularly for benchmarking purposes
(Haustein, 2011).

Methods for conducting surveillance

In the field of SSI, most surveillance systems target colorectal surgery and total hip and knee
arthroplasty. The most common outcome indicator is the cumulative SSl incidence (or SSI rate).
Detecting SSI using prevalence methods is less reliable given the high proportion of SSls that manifest
after discharge.

For any given period, denominator data represent the total number of procedures within each
category. The number of patients can be used also as the denominator, but it is less precise because
more than one infection can occur in the same patient. Numerator data will be the number of SSls in
that same period. Demographic data (age, sex, timing and choice of antimicrobial prophylaxis,
American Society of Anesthesiologists (ASA) score, duration of the operation and wound
contamination class) are recorded for all patients, including the site of infection and type of SSI
(superficial, deep, organ/space) for those with SSI. Linkage with microbiological data may also be
useful.

The gold standard is prospective direct surveillance, although it is time- and labor-intensive and
costly (Anderson, 2014). The CDC recommendations describe indirect methods of surveillance
(sensitivity of 84-89%; specificity 99.8%) as a combination of:

Review of microbiology reports and patient medical records.

Surgeon and/or patient surveys.

Screening for readmission and/or return to the operating room.

Other information, such as coded diagnoses, coded procedures, operative reports or
antimicrobials ordered.

PN PRE

The importance of post-discharge surveillance

It is estimated that a significant proportion of SSis are detected following patient discharge. This
proportion varies across settings and according to different definitions, but it has been estimated to
be between 13% to 71% (Holtz, 1992). The fact that hospital length of stay has been steadily
decreasing over the past decades has probably contributed to shifting the burden from inpatient to
outpatient infections. Moreover, implant-associated infections may not become apparent until one
year after the procedure. For this reason, many surveillance networks recommend the practice of
post-discharge surveillance. There is no known gold standard procedure for post-discharge
surveillance and a systematic review identified only seven reports of studies comparing different
surveillance methods (Petherick, 2006). Due to variations in data collection and classification, as well
as missing information regarding diagnostic criteria, no synthesis of post-discharge surveillance data



was possible. The authors concluded that more research is required regarding the measurement of
SSI after hospital discharge.

There has been controversy regarding the CDC decision to shorten post-discharge surveillance to 90
days instead of one year after certain procedures (CDC, 2013). This change was aimed at simplifying
post-discharge surveillance and reducing delayed feedback, but it has not been universally adopted
as yet (ECDC, 2012). A report compared historical prospective SSI surveillance data from a USA
network to the retrospective application of the updated CDC definitions (Dicks, 2014). The authors
found that 9.6% of SSIs detected by the former definition went undetected with the new definitions;
28.8% of these undetected SSIs concerned hip and knee prostheses. The proportion of missed SSls
varied by procedure, but they were high for hip (8.8%) and knee prostheses (25.1%). Another report
from the Dutch SSI surveillance network analyzed the influence of the duration and method of post-
discharge surveillance on SSI rates in selected procedures (Koek, 2015). The proportion of missed SSls
was variable, but they were 6% and 14% for hip and knee prostheses, respectively. More
importantly, the study showed that the updated CDC method of performing post-discharge
surveillance was associated with a higher risk of not detecting a SSI when compared with the former
method.

How to report surveillance data

Although most surveillance systems report SSI rates, there has been debate in the literature
regarding the best choice of outcome indicator. Some authors argue that the incidence density of in-
hospital SSl is a more suitable choice of outcome indicator by taking into account different lengths of
hospital stay and different post-discharge surveillance methods (Wilson, 2007). This indicator
requires recording the date of patient discharge.

In order to adjust for variations in case-mix, it is recommended to present risk-adjusted SSI rates in
addition to crude rates (O’Neill, 2009). The most commonly used method of risk adjustment is the
NNIS risk index whose aim is to predict the occurrence of an SSl in a given patient (Culver, 1991). This
risk index has been updated and includes procedure-specific factors that improve its predictive
power, but it is not widely used (ECDC, 2012; Mu, 2011). Of note, collecting data for the NNIS risk
index may be difficult in settings with limited resources where very limited information is reported in
patient records. As an example, in a systematic review conducted by WHO, only 14 of 231 SSI
surveillance studies from developing countries reported using the NNIS risk index (WHO unpublished
data).

Some surveillance systems report standardized infection ratios, which is the ratio between the
observed and the expected infection rates (Rioux, 2006; Gaynes, 2001). A ratio higher than 1.0
indicates that more SSls occurred than were expected, whereas a ratio lower than 1.0 indicates the
opposite (Gaynes, 2001). The simplest manner to calculate the expected number of SSls is by
multiplying the number of operations in each procedure category by the SSI rate and dividing by 100.
This accounts for the case-mix and is therefore a risk-adjusted summary measure (Gaynes, 2001).

Other surveillance systems (UK, Switzerland) use a funnel plot to improve the precision of the
estimates of SSlI rates, which are dependent on the number of operations performed. SSI rates are
plotted against the number of procedures for each hospital and 95% Cls are drawn. In this manner,
outliers (hospitals with unusually high rates) can be easily identified (Spiegelhalter, 2005).
Difficulties associated with surveillance

Active surveillance is a resource- and time- consuming activity. Constraints can be both in financial
terms and/or in the availability of trained and dedicated staff. Surveillance data need validation and
interpretation by supervising IPC professionals and/or epidemiologists. The correct collection of
clinical data (preferably electronically) is essential for a successful surveillance system. Based on
some interesting publications (Aiken, 2013), the WHO has developed an adapted approach to SSI



post-discharge surveillance by issuing pre-discharge instructions to the patient to allow him/her to
recognize signs of infection and maintain follow-up through telephone calls. The presence of
effective infection control programs and societies (local and national) is essential for introducing a
sustainable surveillance system.

Use of surveillance for benchmarking

The use of HAI surveillance data, including SSls, has been advocated for benchmarking purposes
(Haustein, 2011). Benchmarking can be used for several purposes, including for the publication of
“league tables” as in the UK and USA (Jarvis, 2003). In addition, it is also used in the USA as the basis
for modifying hospital payments to facilities paid by Medicare (Anderson, 2014). There are
advantages and disadvantages of benchmarking as there are important pitfalls that should be
actively avoided. There is a possibility that surveillance systems with more intensive and sensitive
surveillance methods that result in higher SSI rates may be unfairly penalized.

Even in the presence of uniform standardized definitions, several studies have shown that inter-rater
agreement for SSl is rather low (Hedrick, 2015; Birgand, 2013; Wilson, 2004). One study evaluated
inter-rater agreement by submitting 12 case-vignettes of suspected SSI to IPC physicians and
surgeons from ten European countries (Birgand, 2013). It was found that there was poor agreement
regarding SSI diagnosis and the type of SSI, with variations between and within countries. An analysis
of data submitted from 11 countries to the ECDC HELICS (Hospitals in Europe for Infection Control
through Surveillance) network showed that there was a substantial variation not only in terms of
case-mix (as measured by the NNIS risk index score), but also in the reporting of SSI (highly variable
inter-country proportions of superficial SSI ranging from 20-80%) and the length and intensity of
postoperative follow-up (Wilson, 2007).

An audit of SSI surveillance methods in England showed that differences in data collection methods
and data quality were associated with large differences in SSI rates (Tanner, 2013). What is striking is
that even in the presence of mandatory surveillance with a clearly defined national protocol, a
substantial proportion of responders (15%) used alternative definitions.

Conclusions

Ideally, surveillance of SSI should be an integral part of IPC programmes of health care organizations
and priorities for public health agencies worldwide. However, caution must be exerted when
interpreting SSI data, especially when making comparisons, due to a possible heterogeneity of
definitions used, surveillance methods, risk stratification and reporting.

Further studies are needed to determine the most sensitive methods of diagnosing SSI, both for in-
patients and as part of PDS, and the most efficient methods of collecting data. It is of the utmost
importance to develop and test reliable adapted definitions and surveillance methods for settings
with limited resources. The role of automated computerized algorithms needs to be also further
evaluated. Similarly, the role of SSI surveillance data for benchmarking purposes needs to be
clarified, especially when public reporting is involved.

References

Aiken AM, Wanyoro AK, Mwangi J, Mulingwa P, Wanjohi J, Njoroge J, Juma F, Mugoya IK, Scott JA,
Hall AJ. Evaluation of surveillance for surgical site infections in Thika Hospital, Kenya. J Hosp Infect.
2013 Feb;83(2):140-5. doi: 10.1016/j.jhin.2012.11.003. Epub 2013 Jan 18. PMID: 23332563; PMCID:
PMC3580288.

Anderson DJ, Podgorny K, Berrios-Torres Sl, Bratzler DW, Dellinger EP, Greene L, Nyquist AC, Saiman
L, Yokoe DS, Maragakis LL, Kaye KS. Strategies to prevent surgical site infections in acute care



hospitals: 2014 update. Infect Control Hosp Epidemiol. 2014 Jun;35(6):605-27. doi: 10.1086/676022.
PMID: 24799638; PMCID: PMC4267723.

Astagneau P, L'Hériteau F, Daniel F, Parneix P, Venier AG, Malavaud S, Jarno P, Lejeune B, Savey A,
Metzger MH, Bernet C, Fabry J, Rabaud C, Tronel H, Thiolet JM, Coignard B; ISO-RAISIN Steering
Group. Reducing surgical site infection incidence through a network: results from the French ISO-
RAISIN surveillance system. J Hosp Infect. 2009 Jun;72(2):127-34. doi: 10.1016/j.jhin.2009.03.005.
Epub 2009 Apr 19. PMID: 19380181.

Astagneau P, L'Hériteau F. Surveillance of surgical-site infections: impact on quality of care and
reporting dilemmas. Curr Opin Infect Dis. 2010 Aug;23(4):306-10. doi:
10.1097/QC0.0b013e32833ae7e3. PMID: 20485163.

Birgand G, Lepelletier D, Baron G, Barrett S, Breier AC, Buke C, Markovic-Denic L, Gastmeier P,
Kluytmans J, Lyytikainen O, Sheridan E, Szilagyi E, Tacconelli E, Troillet N, Ravaud P, Lucet JC.
Agreement among healthcare professionals in ten European countries in diagnosing case-vignettes of
surgical-site infections. PLoS One. 2013 Jul 9;8(7):e68618. doi: 10.1371/journal.pone.0068618. PMID:
23874690; PMCID: PMC3706413.

Brandt C, Sohr D, Behnke M, Daschner F, Riiden H, Gastmeier P. Reduction of surgical site infection
rates associated with active surveillance. Infect Control Hosp Epidemiol. 2006 Dec;27(12):1347-51.
doi: 10.1086/509843. Epub 2006 Nov 21. PMID: 17152033.

Bruce J, Russell EM, Mollison J, Krukowski ZH. The quality of measurement of surgical wound
infection as the basis for monitoring: a systematic review. J Hosp Infect. 2001 Oct;49(2):99-108. doi:
10.1053/jhin.2001.1045. PMID: 11567554.

Centers for Disease Control (CDC). Guidelines for evaluating surveillance systems. MMWR Suppl.
1988 May 6;37(5):1-18. PMID: 3131659.

Centers for Disease Control and Prevention. Surgical site infection (SSI) event. Atlanta (GA): Centers
for Disease Control and Prevention; 2013
(http://www.cdc.gov/nhsn/pdfs/pscmanual/9pscssicurrent.pdf, accessed 19 July 2016).

Culver DH, Horan TC, Gaynes RP, Martone W/, Jarvis WR, Emori TG, Banerjee SN, Edwards JR, Tolson
JS, Henderson TS, et al. Surgical wound infection rates by wound class, operative procedure, and
patient risk index. National Nosocomial Infections Surveillance System. Am J Med. 1991 Sep
16;91(3B):1525-157S. doi: 10.1016/0002-9343(91)90361-z. PMID: 1656747.

Dicks KV, Lewis SS, Durkin MJ, Baker AW, Moehring RW, Chen LF, Sexton DJ, Anderson DJ. Surveying
the surveillance: surgical site infections excluded by the January 2013 updated surveillance
definitions. Infect Control Hosp Epidemiol. 2014 May;35(5):570-3. doi: 10.1086/675837. Epub 2014
Mar 14. PMID: 24709727; PMCID: PMC4219409.

European Centre for Disease Prevention and Control. Surveillance of surgical site infections in
European hospitals — HAISSI protocol. Version 1.02. Stockholm: European Centre for Disease
Prevention and Control; 2012

(http://ecdc.europa.eu/en/publications/Publications/120215 TED SSI protocol.pdf, accessed 23
August 2023).



http://www.cdc.gov/nhsn/pdfs/pscmanual/9pscssicurrent.pdf
http://ecdc.europa.eu/en/publications/Publications/120215_TED_SSI_protocol.pdf

European Centre for Disease Prevention and Control. Surveillance of surgical site infections in Europe
2010-2011. Stockholm: ECDC; 2013. (https://www.ecdc.europa.eu/en/publications-
data/surveillance-surgical-site-infections-europe-2010-2011, accessed 23 August 2023).

Garner JS, Jarvis WR, Emori TG, Horan TC, Hughes JM. CDC definitions for nosocomial infections,
1988. Am J Infect Control. 1988 Jun;16(3):128-40. doi: 10.1016/0196-6553(88)90053-3. Erratum in:
Am J Infect Control 1988 Aug;16(4):177. PMID: 2841893.

Gastmeier P, Schwab F, Sohr D, Behnke M, Geffers C. Reproducibility of the surveillance effect to
decrease nosocomial infection rates. Infect Control Hosp Epidemiol. 2009 Oct;30(10):993-9. doi:
10.1086/605720. PMID: 19719414,

Gaynes RP, Culver DH, Horan TC, Edwards JR, Richards C, Tolson JS. Surgical site infection (SSI) rates
in the United States, 1992-1998: the National Nosocomial Infections Surveillance System basic SSI
risk index. Clin Infect Dis. 2001 Sep 1;33 Suppl 2:569-77. doi: 10.1086/321860. PMID: 11486302.

Geubbels EL, Nagelkerke NJ, Mintjes-De Groot AJ, Vandenbroucke-Grauls CM, Grobbee DE, De Boer
AS. Reduced risk of surgical site infections through surveillance in a network. Int J Qual Health Care.
2006 Apr;18(2):127-33. doi: 10.1093/intghc/mzi103. Epub 2006 Feb 16. PMID: 16484315.

Haley RW, Quade D, Freeman HE, Bennett JV. The SENIC Project. Study on the efficacy of nosocomial
infection control (SENIC Project). Summary of study design. Am J Epidemiol. 1980 May;111(5):472-
85. doi: 10.1093/oxfordjournals.aje.a112928. PMID: 6246798.

Haley RW, Culver DH, White JW, Morgan WM, Emori TG, Munn VP, Hooton TM. The efficacy of
infection surveillance and control programs in preventing nosocomial infections in US hospitals. Am J
Epidemiol. 1985 Feb;121(2):182-205. doi: 10.1093/oxfordjournals.aje.a113990. PMID: 4014115.

Haustein T, Gastmeier P, Holmes A, Lucet JC, Shannon RP, Pittet D, Harbarth S. Use of benchmarking
and public reporting for infection control in four high-income countries. Lancet Infect Dis. 2011
Jun;11(6):471-81. doi: 10.1016/51473-3099(10)70315-7. PMID: 21616457.

Health Protection Agency. Fifth report of the mandatory surveillance of surgical site infection in
orthopaedic surgery. April 2004 to March 2009. London: Health Protection Agency; December 2009.
(https://webarchive.nationalarchives.gov.uk/ukgwa/20140626151913/http://www.hpa.org.uk/Publi
cations/InfectiousDiseases/SurgicalSitelnfectionReports/, accessed 23 August 2023).

Hedrick TL, Harrigan AM, Sawyer RG, Turrentine FE, Stukenborg GJ, Umapathi BA, Friel CM. Defining
Surgical Site Infection in Colorectal Surgery: An Objective Analysis Using Serial Photographic
Documentation. Dis Colon Rectum. 2015 Nov;58(11):1070-7. doi: 10.1097/DCR.0000000000000466.
PMID: 26445180.

Holtz TH, Wenzel RP. Postdischarge surveillance for nosocomial wound infection: a brief review and
commentary. Am J Infect Control. 1992 Aug;20(4):206-13. doi: 10.1016/s0196-6553(05)80148-8.
PMID: 1524269.

Horan TC, Gaynes RP, Martone WJ, Jarvis WR, Emori TG. CDC definitions of nosocomial surgical site
infections, 1992: a modification of CDC definitions of surgical wound infections. Infect Control Hosp
Epidemiol. 1992 Oct;13(10):606-8. PMID: 1334988.


https://www.ecdc.europa.eu/en/publications-data/surveillance-surgical-site-infections-europe-2010-2011
https://www.ecdc.europa.eu/en/publications-data/surveillance-surgical-site-infections-europe-2010-2011
https://webarchive.nationalarchives.gov.uk/ukgwa/20140626151913/http://www.hpa.org.uk/Publications/InfectiousDiseases/SurgicalSiteInfectionReports/
https://webarchive.nationalarchives.gov.uk/ukgwa/20140626151913/http://www.hpa.org.uk/Publications/InfectiousDiseases/SurgicalSiteInfectionReports/

Jarvis WR. Benchmarking for prevention: the Centers for Disease Control and Prevention's National
Nosocomial Infections Surveillance (NNIS) system experience. Infection. 2003 Dec;31 Suppl 2:44-8.
PMID: 15018472.

Koek MB, Wille JC, Isken MR, Voss A, van Benthem BH. Post-discharge surveillance (PDS) for surgical
site infections: a good method is more important than a long duration. Euro Surveill. 2015 Feb
26;20(8):21042. doi: 10.2807/1560-7917.es2015.20.8.21042. PMID: 25742435.

Lee TB, Montgomery OG, Marx J, Olmsted RN, Scheckler WE; Association for Professionals in
Infection Control and Epidemiology. Recommended practices for surveillance: Association for
Professionals in Infection Control and Epidemiology (APIC), Inc. Am J Infect Control. 2007
Sep;35(7):427-40. doi: 10.1016/j.ajic.2007.07.002. PMID: 17765554.

Mannién J, van der Zeeuw AE, Wille JC, van den Hof S. Validation of surgical site infection surveillance
in the Netherlands. Infect Control Hosp Epidemiol. 2007 Jan;28(1):36-41. doi: 10.1086/509847. Epub
2006 Dec 29. PMID: 17230385.

Mannién J, van den Hof S, Muilwijk J, van den Broek PJ, van Benthem B, Wille JC. Trends in the
incidence of surgical site infection in the Netherlands. Infect Control Hosp Epidemiol. 2008
Dec;29(12):1132-8. doi: 10.1086/592094. PMID: 18991504.

Mu Y, Edwards JR, Horan TC, Berrios-Torres SI, Fridkin SK. Improving risk-adjusted measures of
surgical site infection for the national healthcare safety network. Infect Control Hosp Epidemiol. 2011
Oct;32(10):970-86. doi: 10.1086/662016. Epub 2011 Sep 1. PMID: 21931247.

National Institute for Health and Care Excellence. NICE guideline. Healthcare- associated infections:
prevention and control. 2011 (https://www.nice.org.uk/guidance/ph36, accessed 23 August 2023).

O'Neill E, Humphreys H. Use of surveillance data for prevention of healthcare-associated infection:
risk adjustment and reporting dilemmas. Curr Opin Infect Dis. 2009 Aug;22(4):359-63. doi:
10.1097/QC0.0b013e32832d04c0. PMID: 19474727.

Petherick ES, Dalton JE, Moore PJ, Cullum N. Methods for identifying surgical wound infection after
discharge from hospital: a systematic review. BMC Infect Dis. 2006 Nov 27;6:170. doi: 10.1186/1471-
2334-6-170. PMID: 17129368; PMCID: PMC1697816.

Rioux C, Grandbastien B, Astagneau P. The standardized incidence ratio as a reliable tool for surgical
site infection surveillance. Infect Control Hosp Epidemiol. 2006 Aug;27(8):817-24. doi:
10.1086/506420. Epub 2006 Jul 24. PMID: 16874641.

Spiegelhalter DJ. Funnel plots for comparing institutional performance. Stat Med. 2005 Apr
30;24(8):1185-202. doi: 10.1002/sim.1970. PMID: 15568194,

Staszewicz W, Eisenring MC, Bettschart V, Harbarth S, Troillet N. Thirteen years of surgical site
infection surveillance in Swiss hospitals. J Hosp Infect. 2014 Sep;88(1):40-7. doi:
10.1016/j.jhin.2014.06.003. Epub 2014 Jul 4. PMID: 25063012.

Tanner J, Padley W, Kiernan M, Leaper D, Norrie P, Baggott R. A benchmark too far: findings from a
national survey of surgical site infection surveillance. J Hosp Infect. 2013 Feb;83(2):87-91. doi:
10.1016/j.jhin.2012.11.010. Epub 2013 Jan 15. PMID: 23332352.


https://www.nice.org.uk/guidance/ph36

Tuuli MG, Liu J, Stout MJ, Martin S, Cahill AG, Odibo AO, Colditz GA, Macones GA. A Randomized Trial
Comparing Skin Antiseptic Agents at Cesarean Delivery. N Engl ) Med. 2016 Feb 18;374(7):647-55.
doi: 10.1056/NEJM0a1511048. Epub 2016 Feb 4. PMID: 26844840; PMCID: PMC4777327.

Wilson AP, Gibbons C, Reeves BC, Hodgson B, Liu M, Plummer D, Krukowski ZH, Bruce J, Wilson J,
Pearson A. Surgical wound infection as a performance indicator: agreement of common definitions of
wound infection in 4773 patients. BMJ. 2004 Sep 25;329(7468):720. doi:
10.1136/bmj.38232.646227.DE. Epub 2004 Sep 14. PMID: 15367425; PMCID: PMC518898.

Wilson J, Ramboer |, Suetens C; HELICS-SSI working group. Hospitals in Europe Link for Infection
Control through Surveillance (HELICS). Inter-country comparison of rates of surgical site infection--
opportunities and limitations. J Hosp Infect. 2007 Jun;65 Suppl 2:165-70. doi: 10.1016/S0195-
6701(07)60037-1. PMID: 17540264.

Wilson AP, Kiernan M. Recommendations for surveillance priorities for healthcare-associated
infections and criteria for their conduct. J Antimicrob Chemother. 2012 Jul;67 Suppl 1:i23-8. doi:
10.1093/jac/dks198. PMID: 22855875.

World Health Organization. Core components for infection prevention and control programmes.
Geneva: World Health Organization; 2009. (https://apps.who.int/iris/handle/10665/69982, accessed
23 August 2023). A

World Health Organization. WHO Guidelines for safe surgery 2009: Safe Surgery Saves Lives. Geneva:
World Health Organization; 2009. PMID: 23762968. B

Zingg W, Holmes A, Dettenkofer M, Goetting T, Secci F, Clack L, Allegranzi B, Magiorakos AP, Pittet D;
systematic review and evidence-based guidance on organization of hospital infection control
programmes (SIGHT) study group. Hospital organisation, management, and structure for prevention
of health-care-associated infection: a systematic review and expert consensus. Lancet Infect Dis.
2015 Feb;15(2):212-24. doi: 10.1016/51473-3099(14)70854-0. Epub 2014 Nov 11. Erratum in: Lancet
Infect Dis. 2015 Mar;15(3):263. PMID: 25467650.


https://apps.who.int/iris/handle/10665/69982

