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SUMMARY

Assessing the overall burden of disease which can be attributed to hospital-acquired infections
(HAISs) remains a challenge. A matched cohort study was performed to estimate excess mortality,
length of stay and costs attributable to HAIs in Belgian acute-care hospitals, using six matching
factors (hospital, diagnosis-related group, age, ward, Charlson score, estimated length of stay
prior to infection). Information was combined from different sources on the epidemiology and
burden of HAISs to estimate the impact at national level. The total number of patients affected by
a HAI each year was 125000 (per 10-9 million inhabitants). The excess mortality was 2-8 % and
excess length of stay was 7-3 days, corresponding to a public healthcare cost of €290 million.

A large burden was observed outside the intensive-care unit setting (87 % of patients infected and

extra costs, 73 % of excess deaths).
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INTRODUCTION

Hospital-acquired infections (HAIs) represent a
major issue for health providers, infection control
specialists, hospital managers, patients and public
authorities. Prevalence surveys show that in Europe,
between 3-5% and 9-0 % of patients in acute hospital
settings are infected [1]. Not all HAIs are preventable
but preventive measures can result in a wide range
of relative reductions in infection rates, between 10 %
and 70% depending on the setting, study design,
baseline infection rate and type of infection [2]. These
infection control measures have an associated cost,
therefore the expense of an infection control pro-
gramme should be compared with the expected ben-
efits, ensuring that the most cost-effective measures
are implemented [3]. The first step in the economic
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evaluation of prevention measures is to assess the
overall burden of disease, in terms of excess deaths,
hospitalization days and costs. This step is a challenge
on its own and previous studies in this area were often
restricted to the intensive-care unit (ICU) or a specific
type of HAI.

These restrictions and the fact that there were no
data for the overall burden of HAIs in Belgium, mo-
tivated us to perform this study which was divided
into three phases (Fig. 1). In the first phase, a
nationwide prevalence study was organized and half
of Belgian hospitals participated. More than 17000
patients were surveyed in October 2007 and the study
showed a 6-2% prevalence of patients infected [4].
In the second phase, a matched cohort study was
performed using cases identified in the prevalence
survey and control patients selected from hospital
administrative databases. This second phase aimed to
estimate excess mortality and length of stay (LoS) for
all types of infections, per type of infection outside the
ICU setting. In the third phase the results from earlier
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Fig. 1. Study design by phase, and details of external sources of information. LoS, Length of stay; BSI, bloodstream

infection.

phases were used along with data from the Belgian
Institute of Public Health (IPH) national surveillance
of HAIs in ICUs, combined with other external data,
to estimate the annual excess mortality attributable to
HAIs, the number of bed-days lost to infection and
the total economic cost of infection to the public
healthcare provider.

METHODS: PHASE 11
Selection of cases

The HAI cases were identified during a national point
prevalence survey in 2007, which used a rule-based
expert system implementing Centers for Disease
Control and Prevention (CDC) criteria. This survey
covered all types of infections: urinary tract infections
(UTlIs), surgical site infections (SSIs), bloodstream
infections (BSIs), lower respiratory tract infections
(LRIs) and gastrointestinal infections (GlIs), as well as
less frequent infections (grouped under the category
‘other’). A total of 63 acute-care hospitals, re-
presenting about half of Belgian hospitals, partici-
pated in the survey [4].

Although all wards were included in the survey,
data from patients surveyed in ICUs could not be
used for matching because detailed daily data were
not available in this study. Maternity, neonatal
care, paediatric wards, and psychiatric wards were
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also excluded from Phase II because they represented
small heterogeneous groups of patients [4].

After approval by the Belgian privacy commission,
the clinical hospital discharge administrative data
for the HAI cases were collected 3 months after the
survey by a trusted third party, recoded and trans-
ferred for analysis. These data included the year of
birth, sex, LoS, date of death if applicable, primary
diagnosis of hospitalization, comorbidities and pro-
cedures coded with International Classification of
Disease, 9th revision (ICD-9) codes. All stays were
also classified by all-patient refined diagnosis-related
group (APR-DRG).

Selection of control patients

Clinical hospital discharge administrative data from
2005 were used for the selection of controls, because it
routinely takes about 2 years before these data are
available for analysis. As there is currently no algor-
ithm which allows identification of patients with HAI
in administrative data, it was not possible to exclude
these patients from the control group.

Matching factors

Each case was matched to 1, 2, 3 or 4 control(s), de-
pending on the number of available controls. Two
matching procedures were performed: first for the
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analysis of excess mortality, and then for the analysis
of excess LoS, excluding from the cases and control
group all patients who died during hospitalization.
Six matching factors were used: hospital, APR-DRG,
age (allowing for a maximum difference of 15 years
between a case and a control), ward (geriatric, re-
habilitation or other), Charlson score (a proxy of
patient comorbidity), and the estimated LoS prior to
infection. The choice of each factor was justified
based on previous research [5-8]. For the analysis of
the extra LoS the destination after discharge (home or
elderly residential care) was also added as a seventh
matching factor. This was used as a proxy for the
residence of the patient before hospitalization, as this
latter variable was not readily available for analysis,
and previous analyses had shown that it was a con-
founding factor as patients discharged to residential
care had longer LoS and a higher risk of HAI. Gender
was not a matching factor.

As exposure duration was not recorded during the
2007 survey, it was assumed that each patient with a
HAI was halfway through the infection. The standard
duration of treatment was used as a proxy for infec-
tion duration: 10 days for most infections, with the
exception of UTI (5 days), infections of eye, ear, and
mouth (5 days) and infections of bones and joints
(20 days). For example, a patient was surveyed the
30th day of his stay and had a nosocomial BSI; this
30th day was then assumed to be the fifth day of the
infection (total duration of 10 days), implying that
the exposure duration of this patient was 25 days.
Controls for this patient were thus selected from those
staying at least 25 days in the hospital.

In the matching procedure, patients suffering
from several infections at the date of the survey
(12% of all cases) [4] could only be matched once,
and were therefore categorized based on what was
deemed to be their main infection. BSI, and then
LRI were considered the main serious infection
if present. Patients with multiple infections not
involving a BSI or a LRI were categorized in the
‘other’ group.

Excess in-hospital mortality

For the assessment of excess in-hospital mortality per
infection type, conditional logistic regression models
were used to account for the different numbers of
controls per case. The absolute risk difference (ARD)
of mortality between the two groups was used to es-
timate excess mortality.
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Excess LoS per infection type

All analyses on excess LoS were based on patients
surviving hospitalization. The mean LoS was first
computed for each set of control patients matched
with a single case, and then the difference between
each case-group of controls was computed with 95%
confidence interval (CI) values around the mean.
Sensitivity analyses were performed for different as-
sumptions on the duration of the ongoing infection
and for matching using less or more of the matching
variables, including gender.

With 700 infected patients, this study had 95%
power to detect a difference of 4 days in LoS between
the groups of infected patients and control patients
based on a type I error of 5% and a standard devi-
ation of the difference in LoS of 30 days. As this was
the primary objective, no sample size calculations
were performed to detect differences in mortality be-
tween the two groups.

All analyses were performed with SAS v. 9 software
(SAS Institute Inc., USA). The matching algorithm
used a publicly available SAS macro developed by the
Mayo clinic [9].

RESULTS: PHASE 11
Description of cases

Administrative hospital discharge data were received
for 754 cases (Table 1) from five distinct wards: sur-
gical (244 patients), medical (245), mixed surgical/
medical (26), geriatric (148) and rehabilitation (91).
The infections most prevalent were UTIs (26:7 %) and
LRIs (15:7%). The median age of cases was 74 years,
the median total LoS of infected patients was 41-5
days and the median time already spent in hospital
was 22 days at the day of the survey. A total of 12:6 %
of the patients infected died during their hospitaliza-
tion. Mortality was the highest for patients with LRIs
(23:7%), BSIs (15:0%) and GIs (14:5%).

Excess in-hospital mortality

A total of 585 cases out of 754 could be matched to
1926 controls (77:6% of cases included, matching
ratio 3-3). In-hospital mortality (Table 2) was 12:8 %
in the infected patient group and 10-8 % in the control
group after adjustment for the different numbers of
controls per case. The overall excess mortality was
2:0% (95% CI—17 to 5-7), and varied according
to the type of infection, with the strongest absolute
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Table 1. Phase I1: description of patients with hospital-acquired infection, outside the ICU setting, by major

site of infection

Major site of infection

All UTI SSI BSI LRI GI Other*
Patients included n 754 201 119 107 118 76 133
Relative frequency % 100 26-7 15-8 142 157 10-1 17-7
Age (yr) Median 74-0 78 65 71 75 79-5 72
Charlson score Mean 2-5 2-3 19 32 2-8 2-5 2-3
Length of stay Mean 57-8 64-2 50-0 51-1 52-4 58-8 64-4
Median 41-5 43-0 34-0 41-0 39-0 455 43-0
Time from admission Mean 332 37-0 30-0 27-5 27-6 34-2 39-5
to prevalence survey Median 22:0 22:0 21-0 23-0 19:0 23-0 27-0
In-hospital mortality n 95 20 9 16 28 11 11
% 12:6 10-0 7-6 150 237 14-5 83

UTI, Urinary tract infection; SSI, surgical site infection; BSI, Bloodstream infection; LRI, lower respiratory tract infection;

GI, gastrointestinal infection.

* Other infection types include infections of : skin and soft tissue (n = 52), multiple site of infections (n=34), bones and joints
(n=17), eye, ear and mouth (n=13), reproductive system (n = 6), upper respiratory tract (n=6), cardiovascular system (n=3)

and central nervous system (n=2).

Table 2. Phase I1: effect of hospital-acquired infection (HAI) on in-hospital mortality, by major site of infection

Cases with HAI
Controls Effect of HAI on in-hospital mortality

% in
HAI matched % % ARD
type analysis* n death n death OR 95% CI (%) 95% CI
All 77-6 585 12-8 1926 10-8 1-31 (0-96 to 1-80) 20 (—1-7to 57)
UTI 721 145 10-3 492 11-7 0-92 (0-46 to 1-86) —14 (—861to0598)
SSI 765 91 66 299 39 2:61 (0-73 to 9-:37) 27 (—38t092)
BSI 882 88 159 201 9-8 1-73 (0-82 to 3-62) 61 (—3-8to 159)
GI 80-3 61 16:4 199 13-3 1-47 (0-61 to 3-52) 31 (=94 to 157)
LRI 83-1 98 22:4 294 12-8 2:19 (1-16 to 4-13) 96 (—1-0 to 20-2)
Other 76-7 102 7-8 124 13-2 0-53 (0-23 to 1-23) —54 (—13-8 to 3-0)

OR, Odds ratio; CI, confidence interval; ARD, absolute risk difference; UTI, urinary tract infection; SSI, surgical site
infection; BSI, bloodstream infection; GI, gastrointestinal infection; LRI, lower respiratory tract infection.
* % =number of patients included in matched analysis related to the number of patients in study.

effects observed for LRI (9:6%) and BSI (6-1%).
Surprisingly, negative estimates of excess mortality
were observed for the UTI group (—1-4%) and for
the ‘other’ group (—5'4%).

Excess LoS

Of the 659 patients who were discharged alive, 445
(675 %) could be matched to 1381 controls (matching
ratio 3-1). Overall, the mean excess LoS was 7-8 days
(95% CI 5-1-10-5), and varied per type of infection
from 4-6 days for UTIs to 12-1 days for GIs (Table 3).
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Distributions of excess LoS were all skewed, as in-
dicated by smaller medians (and the minimum of 0-5
days for UTIs).

Sensitivity analyses of the matching factors showed
that the exposure duration was the most important
factor influencing the estimates of excess LoS, and
that once this had been accounted for, other factors
(age, Charlson score, ward, destination after dis-
charge) played a limited role (Table 4). This excess
LoS was reduced by a factor of 4 when exposure
duration was taken into account: from 39-4 days
when only hospital and APR-DRG were matched, to
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Table 3. Phase I1: effect of hospital-acquired infection (HAI) on length of stay (LoS), by major site of infection

Cases with HAI

Controls Excess LoS

% in -
HAI matched Mean Mean
type analysis* n LoS n LoS Mean 95% CI Median
All 675 445 41-7 1381 339 7-8 (5-1 to 10-5) 3-8
UTI 635 115 394 359 34-8 46 (—0-1t0 9-4) 0-5
SSI 70-0 77 352 261 29-2 59 (=04 to 12-2) 4-0
BSI 725 66 44-9 198 34-8 10-2 (1-5 to 18-9) 53
GI 69-2 45 54-3 140 42-2 12-1 (1-0 to 23-1) 4-3
LRI 711 64 395 197 27-6 12:0 (4-5t0 19-4) 65
Other 639 78 43-4 226 36-8 66 (19 to 11-4) 4-0

CI, Confidence interval; UTI, urinary tract infection; SSI, surgical site infection; BSI, bloodstream infection; GI, gastroin-
testinal infection; LRI, lower respiratory tract infection.
* % =number of patients included in matched analysis related to the number of patients discharged alive in study.

Table 4. Phase I1: sensitivity analyses on the choice of different matching factors effect of hospital-acquired
infection on length of stay

Excess length of stay

% cases
Matching factor included n Mean 95% CI Median
Hospital, APR-DRG 99-3 655 39-4 (35:1-43-7) 253
Hospital, APR-DRG, age (yr) 979 645 383 (34-1-42-5) 22-8
Hospital, APR-DRG, exposure duration 87-9 579 9-8 (7-2-12-3) 4-8
Hospital, APR-DRG, age, exposure duration 82-7 545 10-0 (7-3-12-6) 4-8
Hospital, APR-DRG, age, 82-7 545 10-0 (7-3-12-6) 4-5
Charlson score, exposure duration
Hospital, APR-DRG, age, Charlson score, 754 497 10-0 (7-4-12-6) 4-5
ward, exposure duration
* Hospital, APR-DRG, age, Charlson score, 67-5 445 7-8 (5:1-10-5) 3-8
ward, destination after discharge, exposure duration
Hospital, APR-DRG, age, Charlson score, 681 449 88 (6:2-11-5) 4-5

ward, destination after discharge, modified exposure
duration (assuming 12 days instead of 10 days
for infection duration)
Hospital, APR-DRG, age, Charlson score, 669 441 72 (4-5-9-9) 30
ward, destination after discharge, modified
exposure duration (assuming 8 days instead of
10 days for infection duration)

CI, Confidence interval; APR-DRG, all patient refined diagnosis-related group.
* Final model presented in Table 3.

9-8 days when exposure duration was included. METHODS: PHASE III
When the convention used to determine exposure

. . . Number of patients with a HAI
duration was varied by 2 days (assuming 8 days or " patt "

12 days instead of 10 days for the duration of in- To compute the annual number of patients infected
fection), the resulting mean excess LoS varied by a in Belgium, the cumulative incidence (number of
maximum of 1 day. patients infected/100 hospital admissions) was
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required. This information was not available and
hence we assumed three scenarios: («) the cumulative
incidence equals the prevalence; (b) the cumulative
incidence is lower than prevalence for most infections
because some infections are overrepresented in a
prevalence survey, as infections theoretically last
longer (10 days) than average duration of hospital-
izations in Belgium (8-8 days in 2005); (¢) the same as
scenario b, but accounting for the fact that UTIs have
a much shorter duration (5 days) and are hence un-
derrepresented in a prevalence survey. The following
conversion factor was used to compute cumulative
incidence for each scenario: (¢) no conversion factor;
(b) 0-88 for all infections (duration of infection,
10 days, divided by average national LoS, 8-8 days);
(¢) 0-88 for all infections, except UTIs where we used
1-76. This conversion factor was inspired by the for-
mula CI~P x LA/(LN — INT), where LA is the mean
LoS of all patients, LN the mean LoS of infected pa-
tients and INT the mean time from start of hospital-
ization to the infection [10, 11]. We replaced in this
formula the values (LN — INT), and thus the number
of days between start of infection and end of hospi-
talization, by the duration of the infection itself.
Resulting incidences under each scenario were multi-
plied by the total number of classic hospitalizations,
amounting to 1869757 in 2005 (this excludes 1-day
admissions) to obtain the total number of patients
infected under each scenario. All remaining compu-
tations were then based on scenario ¢, which was the
most probable.

Number of excess deaths

For non-ICU patients, the results from Phase II
(Table 2, excess mortality) were used. In addition
to using negative estimates of excess mortality for
UTIs and other infections, which actually imply a
protective effect of the infection, no effect on mor-
tality (0%) was also assumed and both estimations
are presented.

For ICU patients, the analyses made public by the
Belgian IPH were utilized. The excess mortality per-
centages for BSIs (9:-8%) and LRIs (5:7%) were
based on a dataset of 1899 cases of BSIs and 5213
cases of LRIs reported by ICUs during the period
1997-2003 [12]. For the other type of infections in
ICU estimates of excess mortality were not found.
The number of excess deaths was calculated by mul-
tiplying the excess deaths percentages by the number
of patients with a HAI under scenario c.
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Average cost of one hospitalization day in an
acute-care hospital

The cost of one plain hospitalization day (daily cost,
i.e. without any medical treatment or diagnostic tests)
is available for all acute-care hospitals in Belgium
[13]. Instead of using each specific amount for each
specific hospital included in our study, we chose to
calculate an average cost, based on all hospitals and
weighted by their activity volume (in terms of annual
number of hospitalization days). This calculation was
based on daily costs for 2008.

Number of excess hospitalization days and healthcare
provider costs

For non-ICU HALISs, the results of Phase II (Table 3,
excess LoS) are the main source for our estimates,
except for BSIs, for which results were used from an-
other recent Belgian study, which included a larger
number of cases (665 cases infected in 2003) than our
matched study [14]. The mean extra LoS after a BSI
reported in that study was 9-3 days, 1 day less than the
10-2 days of Phase II.

For ICU HAIs, estimates previously reported by
the Belgian IPH for mean excess LoS of ICU cases of
LRIs (11-4 days) and BSIs (10-2 days) were included
[12]. These are based on excess LoS in ICUs only. For
the ‘other’ type of infections in ICUs, estimates de-
rived for non-ICU cases were used.

The number of patients alive was computed based
on estimates from Phase II (Table 5, from number of
patients with a HAI and in-hospital mortality). The
number of excess hospitalization days was computed
by multiplying the number of patients alive by the
excess LoS for one case, based on different estimates
described above. To calculate the cost for the health-
care provider, the excess number of bed-days was
multiplied by the average cost of one hospitalization
day.

RESULTS: PHASE III
Number of patients with a HAI

Based on a prevalence of 6-:2 %, and not adjusting the
cumulative incidence (6-:2/100 admissions), the number
of patients infected was 115453 (Table 5, scenario a).
Using an overall conversion factor of 0-88, the
cumulative incidence reduces to 5-456/100 hospital
admissions, leading to a total of 102522 patients
infected, of which 22325 had a UTI (21-1%,
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Table 5. Phase I11: estimates of yearly number of patients infected, total and excess in-hospital mortality in patients

Number of patients infected under three scenarios

Total in-hospital mortality

Excess in-hospital mortality

HAI p* RF* (a) Equal (b)) HAT 10 d (c) UTI 5d RF
Ward type % % n n n % n deaths %t n deaths %t
ICU BSI 6-20 4-0 4643 4123 4123 33 1488 36-1 404 9-8%
LRI 13-68 89 10249 9101 9101 73 3031 333 519 57%
Other 5-38 35 4029 3578 3578 29 866 24-2 n.a. n.a
Non-ICU  BSI 0-74 11-:5 13315 11823 11823 9-5 1774 150 721 61
LRI 0-75 11-:6 13402 11901 11901 9-5 2821 237 1143 96
SSI 0-79 122 14103 12524 12524 10-0 952 7-6 338 27
GI 0-71 11-1 12789 11357 11357 9-1 1647 14-5 352 31
UTI 1-40 21-8 25140 22325 44 649 358 4465 10-0 —625(0) —1-4 (0)§
Other 0-99 154 17782 15791 15791 12-6 1311 83 —853(0) —5-4 (0)§
Overall All 6:17  100-0 115453 102522 124847 100-0 18353 147 1999 (3477 ) 1-6 (2-8)

P, Prevalence (per 100 patients); RF, relative frequency; HAI, hospital-acquired infection; UTI, urinary tract infection; BSI, bloodstream infection, LRI, lower respiratory

tract infection ; SSI, surgical site infection; GI, gastrointestinal infection; n.a., not available.

* From prevalence survey (Phase I).
1 All estimates are from Phase I, except where otherwise stated.

i From external source of information (Belgian Institute of Public Health, see Fig. 1).
§ Set to 0% because of negative estimates in Phase II.
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Table 6. Phase III: estimates of yearly excess in-hospital stay and

healthcare provider costs

Patients (n) Excess Excess
HAI LoS per Excess costsT,
Ward type  With HAI Survivors case, mean® LoS, days million €
ICU BSI 4123 2634 10-2% 26871 10-0
LRI 9101 6070 11-4% 69202 257
Other 3578 2712 66 17901 66
Non-ICU BSI 11823 10050 9-3% 93465 34-7
LRI 11901 9081 12:0 108968 40-4
SSI 12524 11572 59 68273 253
GI 11357 9710 12-1 117491 436
UTI 44 649 40184 4-6 184848 686
Other 15791 14480 66 95568 355
Overall All 124847 106 494 7-3 782587 290-3

HAI, Hospital-acquired infection; LoS, length of stay; BSI, bloodstream infection;
LRI, lower respiratory tract infection; SSI, surgical site infection; GI, gastrointes-
tinal infection; UTI, urinary tract infection.

* All estimates are from Phase 11, except where stated otherwise.

1 Based on a cost per day of €371.

i From an external source of information (see Fig. 1).

scenario b). Taking into account the fact that UTIs
last generally half the duration of other infections,
this value is doubled to 44 649 patients infected by
a UTI (359% of infections, scenario ¢). The total
number of patients infected was thus estimated at
124847, of which 86-5% were infected outside the
ICU setting.

Number of excess deaths

About 18300 patients were estimated to die during
hospitalization which was aggravated by a HAIL
Using negative estimates of excess mortality for UTIs
and other infections, the number of excess deaths was
1999 (1:6 %). Using the more realistic assumption of
no excess mortality for UTIs and other infections
leads to a total of 3477 deaths (or 18-9 % of all deaths)
which can be attributed to HAIs. Overall excess
mortality in the 124 847 patients with a HAI was thus
2-8%, as detailed in Table 5. Excess in-hospital mor-
tality in non-ICU wards was estimated at 2554 deaths
per year (73-5% of all excess deaths).

Average cost of one hospitalization day in an
acute-care hospital

The average cost of one hospitalization day in an
acute-care hospital was €371 in 2008.
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Number of excess hospitalization days and
healthcare provider costs

Table 6 presents the overall estimates for excess LoS
and cost. On a national scale, the number of hospital-
ization days attributable to HAIs was estimated at
around 780000 days, or 7-3 on average per infection.
Taking into account the cost per hospitalization day
this amounts to an excess of €290 million for the
public healthcare provider. Costs outside ICUs rep-
resented 14-1% of this amount.

DISCUSSION

We estimate that each year HAIs affect 125000
patients in Belgium, and that 3500 die in hospital due
to this infection. A total of 800000 excess days of
hospital stays leads to an extra public healthcare cost
of €290 million. These are the first published esti-
mates on the annual burden of infections for Belgium
at a national level.

Very few comparable studies have been done at a
national level. Our methodology is similar to that of a
recent US study [15], in which the authors attempted
to make the best use of existing national data, by
using a multi-state approach and pooling estimates of
attributable mortality from three national databases.
They estimated that 1-7 million patients are infected
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every year, and that 100000 deaths could be attribu-
ted to HAIs. We can only agree with their conclu-
sions, that ‘these estimates are sobering and reinforce
the need for improved prevention and surveillance
efforts’. Another UK study estimated that 320994
patients in England acquire a hospital infection every
year, and that these infections cost £930-62 million to
the hospital sector [16].

The overall estimate of the excess LoS, based on
surviving patients, was on average 7-3 days, which is
almost twice the seminal estimate of 4 days from the
1981 study of Haley et al. [17], but lower than other
published estimates [16]. For SSIs, our estimate of 59
is at the lower end of the published values, which may
be explained by the trend towards earlier hospital
discharge. It should be noted that the costs of SSIs
occurring or being treated in the community after
the hospital stay are not included in our estimates.
Finally, the average estimate of 4-6 additional days
for a UTI seems high, but might be the result of
rather complex cases in elderly patients surviving
a prolonged hospitalization, mainly on geriatric or
rehabilitation wards.

The results also show that the burden of HAIs in
terms of mortality and costs for ICU patients is large
but in absolute numbers it is much larger for non-ICU
wards. Seventy-three percent of attributed deaths,
87% of global costs and 87% of patients infected
were outside the ICU setting.

These estimates have several limitations. The first
relates to the lack of global national incidence data:
as there is no general continuous surveillance system
of HAIs in Belgium, we had to rely entirely on data
from the only recent existing prevalence survey to
calculate the annual number of patients infected. We
corrected as much as possible for over- and under-
representation of infections in the prevalence survey
due to differences in infection duration, being well
aware that there is no validated formula to do this
[18]. Nevertheless, we considered that a specific cor-
rection had to be used for UTIs, which had no effect
on mortality. This correction resulted in doubling the
relative frequency of UTIs in the national estimates
compared to those observed in the prevalence survey.
The choice of the average duration of 10 days for all
HAIs and 5 days for UTIs is arbitrary and could be
challenged. Our results are sensitive to this arbitrary
choice.

A second limitation of our analysis is the way in
which estimates of attributable mortality and LoS
from a matched cohort study were derived. This is a
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rather old methodology, as new analysis techniques
based on competing risks in the framework of time-
to-event data are slowly becoming the new standard,
as shown in the recent BURDEN study [19]. These
methods also allow accounting for the effects of
patients dying in hospital, while we opted to study
the effect on hospital stay only for patients surviving
the infection, because it was our intention to separate
explicitly the effect of infections on mortality and
LoS, as death due to the infection may lead to shor-
tened hospital stay. Nevertheless, these new methods
require that all relevant variables are recorded daily in
a standard way, which is rarely the case on standard
hospital wards. Most of this research is therefore
limited to ICUs. As our analysis is based on admin-
istrative data, detailed daily information was not
available and we choose a matched cohort design.
The two known problems with such a design are
the exclusion of unmatched patients from the com-
parison and the overestimated results. We attempted
to overcome the latter by matching for time before
infection, and demonstrated that matching for the
length of hospital stay prior to the HAI is crucial for
obtaining credible estimates for excess mortality and
LoS in patients infected by a HAI. The importance
of this adjustment can thus not be overstated. Some
authors compared this approach with approaches
based on time-to-event, and concluded that it can
lead to an estimation twice as large [20]. In our
case, dividing excess costs by half still results in a sum
of €150 million, which remains a significant public
healthcare cost.

Lack of detailed clinical information and daily in-
formation (data are summarized at discharge) ex-
plains why it was not possible to find appropriate
control patients for HAI cases in ICUs, and we had to
rely on information published by the Belgian IPH.
Another option would have been to use peer-reviewed
international estimates for excess mortality and LoS
in ICUs, but it was considered that the study results
might have more impact on Belgian decision-makers
if all source data were national. In addition, the delay
in access of administrative data necessitated the use a
historical control group, without any information of
the infection status and under the untested assump-
tion that hospital discharge practices did not change
over the 2-year period. On the other hand, the use of
a large set of administrative data to select appropriate
control patients permitted the assessment of the sen-
sitivity of the choice of matching factors, and allowed
inclusion of a relatively high number of cases in
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the analysis. Cases that could not be matched are
more likely to represent unique patient hospital
stays, and the impact of not including these remains
unclear.

The last limitation relates to the use of the charge of
one hospitalization day to estimate national costs for
the third-party funder. In addition, costs of diagnostic
techniques, pharmaceutical products and interven-
tions should be added to this burden, but collecting
this detailed information was considered beyond the
scope of this project.

In this report, we estimated the burden of HAIs in
terms of extra bed-days and the related gross charges
from a public healthcare provider’s perspective. It
should be noted that preventive measures can only in
part eliminate HAIs and their excess costs. In ad-
dition, policy-makers should take into account that
any reduction of LoS because of preventive measures
will lead to a more efficient use of resources in the
short term, without necessarily impacting on the
overall healthcare expenditure. Evaluating the eco-
nomics of preventing HAIs from a hospital perspec-
tive or from a public funding perspective are two
separate questions. Excess costs estimated for HAIs
should definitely not be interpreted as cash which
would become available in the short term if some
HAIs were prevented. These considerations should,
however, not cast any doubt on the desirability of
avoiding HAISs.
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