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AbstrAct

Introduction

Surveillance of hospital-acquired infections (HAI) plays a keyrole in successful infec-
tion control practice. Because of the labour-intensive and time consuming nature of 
traditional surveillance by the infection control practitionar different methods for 
automated surveillance have been suggested, investigated and published. 

Objectives

In this study we developed and tested a model for automated surveillance of hospi-
tal-acquired infections based on the nosocomial infection index (Nii) we developed. 

Materials and methods

534 patients on surgical wards were prospectively included by the infection control 
practitionar (ICP) in two routine pointprevalence studies of nosocomial infections. 
CDC criteria were used. All kinds of hospital –acquired infections were scored. Of 
each patient available laboratory results, clinical parameters and administrative data 
were retrospectively gathered from different databases of the hospital information 
system. Based on these variables we used an algorithm to calculate a nosocomial 
infection index (Nii) for the day of the prevalence study. A patient with a Nii above 
a set threshold was marked highly suspect for having a HAI. Set against a surveyor 
consensus we calculated the performance of the surveillance by the infection con-
trol practitionar (ICP) and Nii model in terms of sensitivity, specificity, negative and 
positive predictive value.

results and conclusion

This study shows that automated surveillance based on the calculation of a Nii 
equals sensitivity of traditional surveillance by the ICP in a point-prevalence study. 
Negative predictive value of the proposed model is 97 %. We conclude that this 
model for automated surveillance is promising and that the development of a work-
ing prototype and further investigation is legitimate.
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IntrOductIOn

Hospital-acquired infections cause additional morbidity and mortality in pa-
tients during their stay at the hospital or in the days following discharge. The 
outcomes of a report on adverse events in the Dutch hospitals in 20071 led to 
the development of a national safety programm2 In the years to come goals are 
to reduce surgical site infections and catheter-related bloodstream infections 
by 50% and 25% respectively. Infection prevention heavily relies on surveil-
lance. Traditional surveillance is time consuming and labour intensive in nature. 
Since the introduction of the computer in field of clinical microbiology and infec-
tion control different authors have described the challenges and benefits of using 
information and communication technology (ICT) to support clinicians and infec-
tion control practitionars3, 4 Three recent articles review the different methods for 
automated surveillance of nosocomial infections, showing its growing importance 
in modern infection control5-7 Different clinical parameters or suspicion criteria are 
used by different authors. Over time the variables used in automated surveillance 
systems shifted from microbiological examinations only8, via combinations with 
administrative data9,10 to a more clinical parameter based approach12.

Expected outcome of introducing automated surveillance in practice is that it saves 
you time. This has been confirmed by several studies. Time savings reported were 
as high as 65%13-15.  Currently little is known about the cost-effectiveness of auto-
mated surveillance systems16.

We studied the feasibility of developing an automated surveillance system based 
on a nosocomial infection index (Nii) to facilitate the detection and registration of 
hospital-acquired infections by the infection control team during prevalence stud-
ies. Aim was to create a model for automated surveillance with a high negative pre-
dictive value (>95%). This model could then be used as a filter to exclude patients 
with little change of having a hospital-acquired infection from further detailed 
assessment by the ICP.

MAterIAls And MethOds

The Erasmus MC, Rotterdam, the Netherlands is a 1,221-bed university hospital. Hospital 
care is provided in four facilities , Centrum (general  hospital), Sofia (pediatrics), Daniel 
(oncological), Thorax (cardiology and thoracic surgery). Annually there are over 36,000 
admissions. The average length of stay was 8.1 days for the whole hospital population. 
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The Unit Infection Prevention (UNIP), part of the department of Medical Microbiology 
and Infectious Diseases, is responsible for education, prevention, outbreakmanage-
ment and surveillance of hospital-acquired infections. Aside from targeted surveil-
lance and incidence studies each year two point-prevalence surveys are conducted 
in March and October.  Inclusion criteria are according to the Dutch hospital-acquired 
infections surveillance program (PREZIES)17, which means the patient is over one 
year of age and admitted at least one day before the survey date. All (different kinds 
of) hospital-acquired infections that meet CDC criteria for hospital-acquired infec-
tions are reported. The ICP attends all surgical wards (intensive care units included) 
and in collaboration with the unit head nurse assesses each patient who meets 
the inclusion criteria. Information can be obtained by accessing the electronic and 
paper patient records.   A software programm (in-house development) and Flybook® 
(portable computer with touchscreen for easy data entry) are used to record patient 
data and results on-site during the ward’s visit. Data are then uploaded into a central 
database that can be used for analysis. Final conclusions are drawn after 2 weeks 
when all the results of the microbiological examinations are available. Data then is 
aggregated, validated  and sent digitally to PREZIES, where the results are used for 
benchmarking between hospitals and are reported back to the hospital.

To study the feasibility of an automated surveillance system we used data readily 
available in our hospital’s information system (HIS) and developed an algorithm to 
calculate a score, the nosocomial infection index (Nii) on which the probability of 
having an infection (possibly hospital-acquired) could be based. For each patient 
included in the prevalence study we recorded C-reactive protein (CRP) levels, leu-
kocyte counts, antibiotics prescriptions ,findings in microbiological examinations, 
frequency of consultation by an infectious diseases specialist and a diagnosis of 
infection in our consultation software and the discharge letter as described in table 
1. Different combinations were tested. One approach was to find the best algorithm 
that could be used as a filter on the prevalence day, thus using variables available at 
that time. The other approach was to find the algorithm that could be used as a proxy 
for classical bed-side surveillance  including discharge-diagnoses by the doctor and 
infectious diseases specialist.

The results of the classical bed-side monitoring by the ICP using CDC criteria were 
used  to find the optimal trade off between sensitivity and specificity. This was 
achieved by adjusting the values per criterium, the set of criteria, the Nii algorithm 
and the threshold above which a patient is marked as positive. The calculation of 
the hospital-acquired infection index and selection above  a cut-off value were done 
with SPPS (version 15 (UK)) syntax editor.
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Agreement between both traditional surveillance result and Nii above threshold 
was considered definitive. Discrepant cases were reviewed independently by two 
of the authors (H.S and G.P) and a case report form was used to score hospital-
acquired infections. Thus retrospectively the patient was scored as if on the day of 
the prevalence study on the presence of signs of infection. CDC criteria were used 
to assess wether it was hospital-acquired. Available electronic sources like ElPaDo 
™  (Electronic Patient Record, department of Information Technology, Erasmus MC), 
Baclis ™ (Laboratory Information Management System, department of Medical 
Microbiology and Infectious Diseases, Erasmus MC), E-consult ™ ( consultancy soft-
ware of the Infectious Diseases Service Line, department of Medical Microbiology 
and Infectious Diseases, Erasmus MC) and the paper patient record were reviewed. 
A surveyor consensus was agreed upon based on the results of the retrospective 
review of the selected cases.

table 1. Variables and window (period) used to calculate hospital-acquired infection index

Variable 
number

Variable Additional information Remark Window Score

1 CRP Measurement yes/no 7 days < p_
date>1 day

1

2 CRP Highest level > 48 mg/ml 7 days < p_
date>1 day

1

3 Leukocyte count Measurement yes/no 7 days < p_
date>1 day

1

4 Leukocyte count Level > 12*109

or < 4*109
7 days < p_
date>1 day

1

5 Microbiological 
examination

Material sent and accepted 
for microbiological 
examination yes/no

7 days < p_
date>1 day

1

6 Growth in microbiological 
examination

Positive finding in 
microbiological examination

Interpretation by 
surveyor (RS)

7 days < p_
date>1 day

1

7 Antibiotics prescription Antibacterials for systemic 
use (ATC-code J01)

On p_date 5

8 E-consult Consultation by infectious 
diseases specialist

7 days < p_
date>1 day

1

9 Frequency of 
consultation

Count (x) of consultations 7 days < p_
date>1 day

1+x

10 Diagnosis of nososcomial 
infection by disease 
specialist

Coded diagnosis Interpretation by 
surveyor (RS)

After 
admission

1

11 Infection mentioned in 
discharge letter

Complication registration in 
free text blocks

Interpretation by 
surveyor (RS)

After 
admission

1
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results

In two consecutive prevalence surveys (October 2006, March 2007) the ICP prospec-
tively included 534 patients on surgical wards and intensive care units (ICU) . 57,5 
percent were male, the mean age 51. Mean length of stay (LOS) for these patients 
on surgical wards and ICU was 25 days (median 13 days). The UNIP identified 76 
hospital-acquired infections in 69 patients. There were 32 surgical site infections 
(SSI) (42%), 14 bacteraemia  (18%),  21 pneumonia (28%), 7 urinary tract infections 
(UTI) (9%) and 2 ‘others’ (3%).  Of these 534 patients the Nii  on the prevalence day 
was calculated, resulting in a score from 0-47.

133 (24.9%) patients scored a Nii equal or higher than 9. This is the cut-off value for 
this population with the best sensitivity/specificity. This resulted in a concordance 
with the results of the ICP of 83%. Compared to the infection control practitionar 
surveillance by Nii had a sensitivity of 88.4% (77.9-94.5) and a specificity of 84.5% 
(80.8-87.6).

Figure 1. Distribution of Nii scores in the study population.

table 2. Concordance between HAI identified by the infection control professionals and by the Nii 
algorithm.

Patients with hospital-acquired infection scored by ICP Total

Yes no

Nii above threshold            Yes 61 72 133

            no 8 393 401

Total 69 465 534
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All discrepant cases were reviewed independently by two surveyors (RS, GP) us-
ing all available sources of information, starting several months after the original 
surveys. Of the 72 patients with an Nii above threshold that were not scored as 
having an HAI by the ICP during the pointprevalence study 44 (61.1%) were 
diagnosed with an infection. 31 of these infections were already present on 
admission.  19 patients suffered from a community acquired infection, mostly 
pneumonia and deep infections of the skeleton. 12 patients were re-admitted 
because of a hospital-acquired infection becoming manifest after discharge. 13 
patients were retrospectively diagnosed with a hospital-acquired infection at the 
prevalence date.  Six respiratory tract infections, four surgical site infections, two 
urinary tract infections and one bacteraemia. Eight HAI’s missed by the algorithm 
consisted of 5 superficial SSI’s, 2 deep SSI’s and 1 candidiasis of the oral cavity. 
Discrepancy analysis revealed 88 hospital-acquired infections in 82 patients, 
resulting in a point-prevalence infection rate of 16,5 %. Traditional surveillance 
method has a sensitivity of 86.3% (76.3-92.6 95% CI ) and specificity of 100 (99.9-
100 95% CI).  Automated surveillance identified patients with hospital-acquired 
infections with a sensitivity of 86.3% (76.3-92.6 95% CI )and specificity of 86.3% 
(82.8-89.3 95% CI) when all the variables are taken into consideration. Figure 2 
shows the distribution of patients with and without a hospital-acquired infections. 
The threshold is set to 9.

Figure 2. The distribution of Nii amongst patients with and without a HAI and with cut-off set at Nii 
score 9 (stippled line).
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table 3. Variables and combinations thereof versus sensitivity and specificity  of the Nii algorithm 
in detecting HAI.

Variable description Variable
code

Sensitivity
(95% CI)

Specificity
(95% CI)

NPV
(95% CI)

PPV

Antibiotics prescription V1 73,2 70,8 93,6 31,3

Positive microbiological examination V2 87,8 50,9 95,8 24,5

CRP (>=48 mg/L) V3 82,9 65,9 95,5 30,6

CRP (>10 mg/L) V4 92,7 54,0 97,6 26,8

Leukocyte count(<4 of >12x10E9) V5 68,3 33,0 85,1 15,6

HAI in discharge letter V6 75,6 81,9 94,9 43,1

Infectious diseases specialist involved V7 59,8 85,0 92,1 41,9

CRP (>=48 mg/L) + leukocyte count V8 56,1 81,2 91,1 35,1

Positive microbiological examination + AB 
prescription

68,3 81,9 93,4 40,6

CRP + AB prescription 62,2 83,8 92,4 41,1

leukocyte count + AB prescription 48,8 81,2 89,7 32,0

CRP + leukocyte count + positive 
microbiological examination

53,7 84,7 91,0 38,9

CRP + leucocyte count + AB prescription 42,7 90,3 89,7 44,3

CRP + leukocyte count + AB prescription + 
positive microbiological examination

42,7 92,5 89,9 50,7

CRP (>=48 mg/L) +/- leucocyte count 95,1 17,7 95,2 17,3

positive microbiological examination +/- AB 
prescription

92,7 39,8 96,8 21,8

CRP +/- AB prescription 93,9 52,9 98,0 26,6

leukocyte count +/- AB prescription 92,7 22,6 94,4 17,8

CRP +/- leukocyte count +/- positive 
microbiological examination

98,8 9,5 97,7 16,5

CRP +/- leuco +/- AB prescription 100,0 13,7 100,0 17,4

CRP +/- leuco +/- AB prescription +/- positive 
microbiological examination

100,0 7,7 100,0 16,4

Nii (variables  V1, V2 ,V3, V5, on prevalence 
day)

67,1
(55.7-76.8)

88,5
(85.1-91.2)

93,7
(90.8-95.7)

51.4
(41.6-61.1)

nii (variables V1, V2, V3, V5, V7 on 
prevalence day)

74,4 
(63.4-83.1)

86,7
(83.2-89.6)

94,9
(92.2-96.7)

50.4
(41.2-59.6)

nii (complete set, available 2 months after 
discharge )

86,6 
(76.8-92.8)

86.3
(82.7-89.2)

97,3
(95-98.6)

53.4
(44.6-62)
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dIscussIOn

In this study we showed that our innovative model for automated surveillance is 
as sensitive as traditional surveillance of hospital-acquired infections and has the 
potential to save much time by filtering out patients who are not suspect for a 
hospital-acquired infection before the start of the prevalence survey.

Surveillance of hospital-acquired infections is defined as the ongoing, systematic 
collection, analysis, and interpretation of health data essential to the planning, im-
plementation, and evaluation of public health practice, closely integrated with the 
timely dissemination of these data to those who need to know18,19. Through surveil-
lance the infection control practitionars are able to monitor trends in the occurrence 
of hospital-acquired infections and pinpoint problems areas.  Interventions are done 
on the areas that need the most attention. Whether these interventions are effective 
again can be measured by surveillance. The publications ‘To err is human’ by the 
Institute of Medicine20 and its dutch equivalent ‘Adverse events in dutch hospitals’ 
in 20072 once again emphasize that hospital-acquired infections are major contribu-
tors to adverse events. Ideally one would have continuous whole-house surveillance 
but this is not feasible nor cost-effective using traditional surveillance methods. 
Based on the experience and insight gained in previous studies we propose a model 
for automated surveillance based on the calculation of a nosocomial infection 
index (Nii) for each day that the patient is admitted to the hospital and marking a 
patient as suspect above a certain cut-off value. This approach differs from what we 
found in literature so far. It is flexible and can be extended with new variables when 
available. The model’s input are variables that are readily available in our hospital’s 
information system. These are routinely gathered by the team involved in  treatment 
of the individual patient. This means that no additional diagnostic requests nor data 
input is required. An unique patient identification number is used to match all data 
to one patient.

Microbiological examinations have been the cornerstone of automated surveillance 
algorithms. Its sensitivity is high, but the positive predictive value is disappointing. 
The combination of positive microbiological examinations, CRP, leukocyte count 
and antibiotics prescriptions  for screening is highly sensitive, but specificity is low. 
Table 3. shows in more detail how different combinations used in other studies 
performed in our hospital. Bayesian rules using AND or AND/OR statements show 
that an increase of sensitivity has its penalty in specificity and vice versa.
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Use of an algorithm has the advantage that one can choose which set of variables 
is used and what weight is set for each variable. Also the cut-off value is variable. 
This means when used on another population or in a different hospital one can 
costumize it and validate it to meet the golden standard.

In the Erasmus MC the infectious diseases service line (IDSL) is 24/7 available to 
assist in the diagnostics and therapy of infectious diseases. For each patient that 
has been consulted on, a digital report is made in E-consult software. Number of 
consultations (sometimes more than one per day) per patient varies from 1-7 per 
week. Including the frequency of consultation increased the sensitivity remarkably.

Discrepancy analysis showed sixty one percent of the ‘false alarms’ could be ex-
plained by community acquired infections or hospital-acquired infection on admis-
sion. This is due to the fact that for some patients the survey date is close to the date 
of admission. Further finetuning of the model by adding another set of expertrules 
to the algorithm theoretically resolves this issue. Hospital-acquired infections take 
time to develop, therefore time between admission date and date of measurement 
is an important factor that can influence the weight given to a criterium. HAI at 
admission were not documented consistently throughout the prevalence studies by 
the ICP. There was however a 100 percent concordance in the  cases were it was 
documented.

To validate this model we used a surveyor consensus. Based on this gold standard 
we estimated the accuracy of traditional surveillance by the ICP. Sensitivity was 
86.3%. This is in concordance with a previous studies21-24. Because in our situation 
the ICP has to rely on the information provided by the department’s head nurse 
during a semi-structured interview information can be lost or misinterpreted. Often 
the studies are done within limited time and under high workloads (e.g. outbreaks 
at the same time).

Limitation of the current model is that it depends on parameters that are not 
necessarily available with every hospital-acquired infection. This comprimises its 
sensitivity in certain categories of hospital-acquired infections. Best example are 
the five superficial surgical site infections missed by the algorithm. A superficial 
surgical site infection is a clinical diagnosis, based on inspection of the wound. 
Thus CRP, leukocyte count, nor antibiotics and microbiological examinations will be 
available. Ideally clinical parameters like temperature and wound assessment score 
would be digitally available and taken up in the algorithm to increase case finding 
of superficial surgical site infections.
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In this paper we present the set with the optimum trade-off between sensitivity 
and specificity in this hospital in this surgical population. To find this optimum we 
adjusted the weight per variable, the cut-off value and the variables included in the 
algorithm based on clinical decision making practice. Ideally a programm (datamin-
ing tool) should do this job.

Radiology and surgery reports are left out of the equation, because these reports 
are not coded in this hospital. Natural language processing is one way to make these 
reports interpretable/readable and usable in an automated surveillance system. 
Also the fact this is a surgical population means further validation on a whole-house 
population is needed.

Based on the results of this study we decided to take the next step and develop the 
software that can automatically gather and store the variables needed per patient 
per day of admission. Theoretically  an automated surveillance, that is validated on a 
regular basis, would be sufficient to provide reliable figures on the point-prevalence 
of hospital-acquired infections. We are currently addressing this theory in a study of 
four fully automated hospital-wide point-prevalence studies. Once we have proved 
that the negative predictive value is consistent in time we will take the first step in 
automating our surveillance procedure and use the software as a preselection tool.

Surveillance of hospital-acquired infections is a time consuming but crucial part of 
infection control. At the Erasmus MC, Rotterdam, the Netherlands we are investigat-
ing a model for automated surveillance to highen efficacy of surveillance tasks. In 
this study we found that traditional surveillance also has its limitations concerning 
sensitivity and should therefore not be used ‘as is’ for the validation of an automated 
surveillance method. Compared to a surveyor consensus the current model shows 
similar sensitivity as traditional surveillance by the ICP. The concept of automated 
surveillance through calculation of a nosocomial infection index (Nii) and selection 
above a set cut-off value is a novel approach to automated surveillance and proves 
flexible and promising.
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