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Summary In 2004, a secure web-based national nosocomial infection
surveillance system was established in Hungary. The system, named
NNSR (Nemzeti Nosocomiális Surveillance Rendszer), is based on the
US National Nosocomial Infection Surveillance System (NNIS). Surgical
procedures, definitions, surveillance methodology and patient risk indices are those established by NNIS. In this paper, we present the results of the first two years of the surgical patient component of our
system. During this period, 41 hospitals participated and selected 11
surgical procedures for surveillance. Altogether 15 812 procedures
were surveyed and 360 resulting surgical site infections (SSI) were recorded. The overall SSI rate was 2.27%. The most commonly selected
procedures and corresponding SSI rates were caesarean section
(1.31%), herniorrhaphy (2.09%), cholecystectomy (1.52%) and hip replacement (2.91%). Standardised infection ratios (SIR) were calculated
for chosen surgical procedures in order to compare against NNIS
published rates. SSI rates for colonic surgery, caesarean section and
mastectomy were lower than expected according to the NNIS data
but higher for cholecystectomy, herniorrhaphy and hip prosthesis
infection rates. We intend to recruit more participating hospitals,
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leading to a robust national database that can be used to target infection control interventions for patients in Hungary.
ª 2008 The Hospital Infection Society. Published by Elsevier Ltd. All rights
reserved.

Introduction
Nosocomial infections continue to be an important
cause of morbidity and mortality in hospitals,
prolonging hospital stay, increasing antibiotic
usage and hospital costs.1,2 Surveillance of hospital-acquired infections (HAI) remains an important
tool in the reduction of nosocomial infection rates
and has been acknowledged as an important component of infection control programmes. It is
increasingly recognised as the key to improving
clinical outcomes. Nosocomial infection rates are
considered as important indicators of the quality
of patient care.3 Surveillance of nosocomial infection has been a fundamental component of infection control in the USA since the 1960s.3 The US
National Nosocomial Infections Surveillance System
(NNIS) was established in 1970 and periodically reports its findings.4 Many countries have developed
their own national nosocomial surveillance systems
based on NNIS and have published their findings.5e9
In 2005 there was a transition of healthcare-associated infection surveillance in the USA from NNIS to
National Healthcare Safety Network (NHSN).
In 1996 there was a survey of surgical site
infections (SSIs) in 20 Hungarian hospitals with
results compared to NNIS benchmarks, but this
was not part of a continuing surveillance programme.10 In 2004, as a result of public health demand for improving quality of care, an ongoing
national nosocomial infections surveillance
network was established in Hungary (‘NNSR’:
Nemzeti Nosocomiális Surveillance Rendszer).
NNSR is a standardised system based on NNIS and
has two components: (1) surgical and (2) adult and
paediatric ICU.11e13
NNSR will enable the creation of a national
reference database for nosocomial infections and
facilitate feedback of results so that participating
hospitals can compare their rates with national
aggregated data and use that as a benchmark to
measure their own performance. Further national
and local hospital aims are to identify critical control
points, put in place the necessary interventions,
move toward good practice, improve the quality of
care and patient safety by reduction of HAI rates.
The purpose of this study was to investigate
whether the NNIS data could be used for

comparison with our own, smaller database sufficiently to provide a reliable distribution of SSI
rates for benchmarking.

Methods
NNSR is a secure web-based reporting system
developed at the Hungarian National Center for
Epidemiology (NCE). The definitions of surgical
procedures and SSI, the surveillance methodology
and patient risk index categories were those
established by NNIS. The NNIS System for diagnosis
of SSI classifies cases as superficial incisional, deep
incisional, or organ/space. The NNIS risk index
comprises three major risk factors for SSI: (1) the
severity of the patient’s underlying illness (2) the
likely microbial contamination at the site of
infection and (3) a prolonged operation. These
were translated into Hungarian and made available
on our website. Prior to establishing the network,
we performed a three-month pilot study without
including these data in the NNSR database.
Training on case definitions, surveillance methodology, case finding and on software use was
provided by NCE on a regular basis, attendance at
which was mandatory for infection control nurses
and doctors before joining the network. Participation of hospitals was voluntary and all their data
were confidential. Software was offered free for
paticipating hospitals. The minimum period of
participating was six months. Hospitals could
choose SSI surveillance of one or more surgical
procedures within the NNIS categories and active
prospective surveillance was required from the
time of surgery until discharge. Local surveillance
teams comprised one or more trained infection
control nurses responsible for data collection and
an infection control doctor responsible for data
validation. SSI data were collected by reviewing
medical and nursing records, laboratory results,
and by medical staff attending the patients and
the survey team’s participation on ward rounds.
Data entry was performed at hospital level and
automatically sent to NCE. Analyses and feedback
of national aggregated data were provided twice
a year by NCE. For each patient in the procedure
selected for SSI surveillance, an electronic

76
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worksheet had to be completed, containing: age,
sex, American Society of Anesthesiologists (ASA)
risk category, date of admission, operation and
discharge, wound class, duration of operation,
whether the surgery was elective or urgent,
whether the operation was performed laparoscopically, antibiotic prophylaxis, reoperation and
death. If an SSI occurred, the details required
relating to it were: the date of infection, the type
of infection (superficial, deep, organ/space) and
the micro-organism isolated.
Minimally invasive surgery (MIS), such as the use of
laparoscopes, was incorporated into the SSI risk
index, as described in NNIS.4 MIS incorporates the influence of laparoscopic surgery on SSI rates. For cholecystecomy and colonic surgery (incision, resection
or anastomosis of the large bowel including largeto-small and small-to-large bowel anastomosis),
when the operation was performed laparoscopically,
1 was substracted from the number of risk factors
present (for an ASA score of 3, 4 or 5; or duration of
surgery >75th centile; or contaminated or dirty
wound) in the NNIS index. When no risk factors
were present and the procedure was performed laparoscopically (i.e. 0  1 ¼ 1), we designated this
new modified risk category as 1 or M (minus).
Only procedures undertaken at least 500 times
were considered for analysis. Statistical analyses
were performed with SAS 9.1 (SAS Institute Inc.,
Cary, North Carolina, USA) statistical package.
Initially we constructed frequency tables based
on included variables by category of surgical procedure. Descriptive statistics were then applied to
determine means, range, centile and 95% confidence intervals (CIs). Chi-squared test and Fisher’s
exact test were used for comparison of SSI rates by
risk index category for each procedure.
Standardised infection rates (SIR), developed at
the Centers for Disease Control and Prevention
(CDC), were used for comparing Hungarian SSI
rates with NNIS rates. Each SIR was calculated by
dividing the observed number of infections by the
expected number of infections during a particular
period. The expected number of infections was
calculated by indirect standardisation; for each
risk category, the number of specific procedures
performed was multiplied by the specific rate with
which they were compared (in our case data
reported by NNIS).4 The resultant SIR indicates
the relative risk of infection for a given procedure.

representing 25% of Hungarian hospitals. Data
provider hospitals were: four university hospitals,
six teaching hospitals and 31 general hospitals,
representing all regions within Hungary.
In the studied period 11 surgical procedures
were chosen, with total numbers of 15 812 operations and 360 SSIs. The overall SSI rate was 2.27%.
Table I shows types of surgical procedure selected
for study, the total number of operations in each
category, the median age and sex distribution of
patients, and the risk factors by procedure.
Procedures undertaken <500 times were excluded. Rates of SSI varied by procedure category,
reflecting the different risks associated with different types of surgery. Table I shows the number
of surgical site infections, rates of SSI and CIs by
procedure. Type of SSI by surgical procedure is
shown in Figure 1. The use of MIS was: cholecystectomy 83% and colon surgery 3%.
We compared statistical differences in the rates
of SSI associated with risk categories for each
surgical procedure. With an increase in risk
category there were significantly higher SSI rates
for the following procedures: cholecystectomy
(P < 0.0001), herniorraphy (P < 0.0001), hip
replacement
(P < 0.0001)
and
mastectomy
(P < 0.0118). For colonic surgery SSI rates were
higher in patients in the higher risk index
categories, but differences were not significant.
For caesarean sections, SSI rates were higher in patients with lower risk index category.
Table II shows the standardised infection ratios.
The observed rates are our results stratified by
NNIS risk index. Comparing all six procedures, SSI
rates were lower than expected in colon surgery,
caesarean section and mastectomy and higher
than expected in cholecystectomy, herniorrhaphy
and hip replacement.
We calculated the median postoperative stay for
all operations by procedure and also separately for
patients with and without an SSI. Table III shows the
median postoperative days by procedure.
Table IV shows the surgery duration’s 75th centile
in the NNSR survey compared with NNIS, the SSI component of the European Nosocomial Infection Surveillance Network, Hospital in Europe Link for
Infection Control through Surveillance (HELICS) and
the component for SSI surveillance of the German
national nosocomial surveillance system KISS (KISS:
Krankenhaus Infektions Surveillance System).17

Results

Discussion

In the period from November 2004 to October
2006, 41 hospitals participated in the NNSR

Nosocomial infection surveillance is time consuming and needs substantial human resources.

1.60e2.59
2.19e3.63
0.71e2.38

2

100
90
80

2.09
2.91
1.55

70
60

9

67
61
13

30
20
10
0
ASA, American Society of Anesthesiologists; NNIS, US National Nosocomial Infection Surveillance System (NNIS); CI, confidence interval.

17

15
5

31

28
8

13

50
40

3203
2096
840
2.6
19.1
0.1
1.8
0.5
1.4
35.1
29.2
40.9
58.0
69.0
56.0
3203
2096
840

Cholecystectomy
Colon
Caesarean
section
Herniorrhaphy
Hip prosthesis
Mastectomy

57.0
68.0
29.0

71.4
36.3
1.9

1.05e1.99
4.82e7.77
0.99e1.63
1.52
6.30
1.31
40
66
65
2627
1048
4963
4.3
14.5
12.9

77

2627
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8.5
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1.0

No. of
operations
% of patients with
duration of
operation >75th
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with ASA 3
wound class
contaminated or
dirty
% of male
patients
Patients’ age
(median in
years)
No. of
operations
Operative
procedure
category

Table I

Number and category of surgical procedures, patient characteristics, risk factors and surgical site infections (SSIs)

No.
of
SSIs

Rate of SSI

95% CI
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47

45
36
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33
5
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Figure 1 Type and number of surgical site infections
by surgical procedure. Dark grey: organ/space; light
grey: deep incisional; white: superficial incisional.
CHOL, cholecystectomy; COLO, colon; CSEC, caesarean
section; HER, herniorrhaphy; HPRO, hip prosthesis;
MAST, mastectomy.

Nevertheless investment in infection control and
prevention of infections through surveillance has
been found to be cost effective and improves patient safety.14e17 NNSR was established in 2004.
In the first two years there was a continuous increase in participation of hospitals and in the number of chosen surgical procedures. Hospitals joined
our study in order to receive valid, standardised local infection rates and for individual hospitals to
have a comparison with national data and followup trends. SIR can be used by hospitals to compare
their results with national aggregated data. Surveillance activity on a surgical ward has provided
an opportunity for infection control staff to develop working relationships with clinical staff, to
use surveillance data to review practice, to identify non-adherence to good practice, to introduce
necessary changes for improvement and to follow
up trends after interventions.
The observed higher SSI rates in lower risk index
categories for caesarean section can perhaps be
explained by the low number of procedures in the
higher risk categories. However, some studies have
shown that the NNIS risk index is not appropriate
for stratification in the case of caesarean section.
SIR has been used for comparison of Hungarian SSI
rates because the present database does not allow
determination of centiles of the distribution of SSI
rates. SIR has also been used by other networks for
comparison of their rates with NNIS rates.9,18 Though
standardised surveillance protocols have been used,
local differences might occur in interpretation of
definitions and intensity of surveillance, so comparison of results is difficult. SSI rates were lower than
expected for colonic surgery, caesarean section
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Patients and infections according to risk categories and calculation of standardised infection ratios (SIRs)

Operative
procedure
category
Cholecystectomy

Colon

Caesarean
section

Herniorrhapy

Hip prosthesis

Mastectomy

Risk index
category
1
0
1
2/3
Total
1/0
1
2
3
Total
0
1
2/3
Total
0
1
2/3
Total
0
1
2/3
Total
0
1
2/3
Total

NNSR

NNIS

No. of
infections

No. of
patients

Observed
ratea

Observed
ratea

4
14
12
10
40
4
17
36
9
66
57
8
0
65
24
31
12
67
28
21
12
61
5
7
1
13

1458
721
331
117
2627
75
409
471
93
1048
4174
764
25
4963
2026
1084
93
3203
1277
618
201
2096
489
344
7
840

0.27
1.94
3.63
8.55
1.52
5.33
4.16
7.64
9.68
6.30
1.37
1.05
0.00
1.31
1.18
2.86
12.90
2.09
2.19
3.40
5.97
2.91
1.02
2.03
14.29
1.55

0.45
0.68
1.78
3.51
3.98
5.66
8.54
11.25
2.71
4.14
7.53
0.81
2.14
4.53
0.86
1.65
2.52
1.74
2.20
3.42

No. of infections
expected
6.56
4.90
5.89
4.11
21.46
2.99
23.15
40.22
10.46
76.82
113.12
31.63
1.88
146.63
16.41
23.20
4.21
43.82
10.98
10.20
5.07
26.25
8.51
7.57
0.24
16.32

SIR

1.86

0.86

0.44

1.53

2.32

0.80

NNSR, Hungarian National Nosocomial Infection Surveillance System; NNIS, US National Nosocomial Infection Surveillance System;
SIR, standardised infection rate.
a
Per 100 operations.

and mastectomy. Possible explanations are differences in case-mix, complexity of the procedures
and the intensity of case finding. For cholecystectomy, herniorrhaphy and hip replacement, the observed SSI rates were higher than expected, which
may be due to the fact that our postoperative length
stay is greater than in NNIS, so that more SSI would be
detected during hospital stay.
Occurrence of SSI generates considerable extra
costs, partly due to the prolongation of hospital stay.
Even though they were not adjusted to the severity
of underlying disease, our results clearly show the
link between SSI and prolonged hospital stay.
With regard to the duration of surgery, our
database is insufficiently extensive to have our
own cut-offs, therefore for the calculation of the
NNIS risk index, the NNIS cut-off point was used.
HELICS calculated 75th centiles for the duration of
surgery in European hospitals, but the risk index
was calculated using NNIS cut-off points. The
German national nosocomial surveillance system
KISS has established its own duration of surgery

that is used for risk index stratification. Comparison of our 75th centile for duration of surgery with
NNIS, HELICS and KISS cut-off points shows that the
duration of surgery is usually shorter in Europe
than recorded in NNIS. With an expansion of our
database, we intend to define our own cut-off
points and to use them for risk index calculation.

Table III Median postoperative length of stay for
patients with and without surgical site infection (SSI)
Surgical
procedure
category
Cholecystectomy
Colon
Caesarean section
Herniorrhaphy
Hip prosthesis
Mastectomy

No. of
Median postoperative
operations length of stay (days)

2627
1048
4963
3203
2096
840

Patients
with SSI

Patients
without SSI

20
21
14
12
17
13

4
12
7
4
11
6
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Table IV
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Duration of operation in minutes in NNSR in comparison with NNIS, HELICS and OP-KISS

Operative
procedure
category
Cholecystectomy
Colon
Caesarean
section
Herniorrhaphy
Hip prosthesis
Mastectomy

NNISa 75th
percentile
(min)

NNSR 75th
percentile
(min)

HELICSb 75th
percentile
(min)

KISSc 75th
percentile
(min)

120
180
60

75
154
55

88
176
48

80d
180
45

120
120
180

60
114
52

e
107
e

72
102
95

NNSR, Hungarian Nemzeti Nosocomiális Surveillance Rendszer; NNIS, US National Nosocomial Infection Surveillance System.
a
NNIS only uses values rounded per hours that were transformed in minutes.
b
Hospital in Europe Link for Infection Control through Surveillance (HELICS)eSSI Statistical Report 2004, European hospitals.
c
Component for SSI surveillance of the German national nosocomial surveillance system (KISS: Krankenhaus Infektions Surveillance System).
d
Laparoscopically only.

One of the limitations of NNSR is that there is
currently
no
standardised
method
for
postdischarge surveillance, so rates may be underestimated for procedures with a short postoperative stay.19 SSIs occurring after discharge have
been identified and included in the database only
in cases of readmission for wound infection. Another limitation is that antibiotic administration
records have not been evaluated in this study
and no national validation study has yet been
undertaken.
We consider the establishment of a web-based
standardised national nosocomial infection surveillance system in Hungary to be of value, since participation in a surveillance network has been
shown to have an important impact on decreasing
SSI rates.20,21 As an essential part of this, the surveillance team reviewed practice at each centre
in terms of good practice guidance and reported
back on this to each hospital. We are now obtaining evidence that, for hip replacements at least,
infection rates have fallen. Increasing participation and the experience gained will contribute in
a few years to a more robust database, which
would create more precise results. We believe
that our surveillance system, in time, will contribute to reduction of nosocomial infection rates and
improvement of patient safety in Hungarian
hospitals.
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