
Pilot study 2
Validity of a novel model for computer-
assisted surveillance of hospital-
acquired infections.

Validity of a novel model for computer-assisted surveillance of hospital-acquired 
infections

H.R.A. streefkerk1 , G.Parlevliet1, M.C. Vos1, P.W. Moorman2,  H.A. Verbrugh1, 
R.P.A.J. Verkooijen1

1 Department of Medical Microbiology and Infectious Diseases, Erasmus MC, Rotterdam, the Netherlands

2 Institute of Medical Informatics, Erasmus MC, Rotterdam, the Netherlands

Validity of a novel model for computer-assisted surveillance of hospital-acquired infections 1

http://hdl.handle.net/1765/120420

Validity of a novel model for 
computer-assisted surveillance of 
hospital-acquired infections.

H.R.A. Streefkerk1 , G.Parlevliet1, M.C. Vos1, P.W. Moorman2,  H.A. 
Verbrugh1, R.P.A.J. Verkooijen1

1 Department of Medical Microbiology and Infectious Diseases, Erasmus MC, Rotterdam, the 
Netherlands

2 Institute of Medical Informatics, Erasmus MC, Rotterdam, the Netherlands



AbstrAct

Objectives

In this pilot study we present and validate a novel model for automated preselection. 

Materials and methods

We used the results of a retrospective manual chart review of 534 surgical pa-
tients included in point-prevalence surveys as the gold standard to determine the 
model with the best performance. We developed prototype software that uses 
the proposed model to automatically perform the preselection. We then validated 
the performance of the model on 241 surgical patients included in another point-
prevalence survey. 

results and conclusion

This study shows that an automated preselection of 22.8 percent based on the 
proposed model can be made. Sensitivity and specificity are 92.9 (75-98-8), 86.4 
(80.9-90.5) respectively. We conclude that further investigation of the performance 
of the model as the basis for continuous whole-house surveillance is legitimate.
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IntrOductIOn

Hospital-acquired infections (HAIs) are adverse events that cause additional morbid-
ity, mortality and costs. Surveillance is used to target interventions to prevent them. 
Continuous whole-house surveillance (incidence measurement) is the gold standard 
but with traditional methods not feasible. Point-prevalence surveys are performed 
instead, but because of the low frequency and low numbers of patients included 
per ward provide minimal information. To highen frequency of prevalence measure-
ments time spent per survey should be reduced. Introducing computer-assisted 
surveillance saves you time1-3. Time savings reported were as high as 65%4.  Cur-
rently little is known about the cost-effectiveness of computer-assisted surveillance 
systems5. Three recent articles review the different methods for computer-assisted 
surveillance of HAIs, showing its growing importance in modern infection control6-8. 
Different clinical parameters or suspicion criteria are used in different models. Over 
time the variables used in computer-assisted surveillance systems shifted from 
microbiological examinations only9, via combinations with administrative data10,11 
to a more clinical parameter based approach12.

At the department of medical microbiology and infectious diseases we study the 
feasibility of introducing an computer-assisted surveillance system. First step is to 
support point-prevelance surveys by software that performs an automated prese-
lection in order to reduce workload and save time.

MAterIAls And MethOds

setting

The Erasmus MC, Rotterdam, the Netherlands is a 1221-bed university hospital.

traditional surveillance procedure

A point-prevalence survey is conducted by a team of ICP’s who visit all the wards 
during a period of two weeks. Based on the information provided by the unit’s head 
nurse and information from the electronic patient record each patient is assessed 
on the prevalence of a HAI.

Our concept for computer-assisted preselection

For each patient variables that are digitally available in the diffent databases of our 
hospital information system are recorded for each day of the admission. For each 
variable points are added (or substracted) to calculate a day score , the nosocomial 
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infection index (Nii). When the Nii on the prevalence date is above a certain cut-off 
a patient is marked as positive for HAI.

Analysis

We used a learning set of 534 patients and did a feature reduction analysis to find 
the optimum weights per variable and a ROC analysis to find the cut-off with the 
best performance in terms of sensitivity and specificity set against a manual chart 
review gold standard. Then this preselection model was validated on a test set of 
241 surgical patients of the point-prevalence-survey March 2008 using software 
that automatically performs the selection based on the proposed model.RESULTS

learning set

534 Patients from prevalence surveys in 2006 and 2007 were included. Manual 
chart review (MCR) revealed 85 hospital-acquired infections in 78 patients, resulting 
in a point-prevalence infection rate  of 16,5 % and a patient point prevalence rate 
of 14,6%. From a feature reduction and ROC analysis we learned that when the 
variables and weights per variable were set as shown in table 1 and the cut-off was 
set to 8 sensitivity was 86.4 (76.6-92.7) and specificity 76.4 (72.1-80.2) compared 
to the MCR gold standard.

test set

241 surgical patients were included in the point-prevalence survey March 2008. 
The ICP detected 23 patients with at least one HAI. The software that automatically 
executed the calculation of the Nii dayscore and selectedpatients with an Nii above 
the set cut-off flagged 55 patients (22.8%, CI 17.8-28.7)as positive. Initial analysis 
of concordance between the two methods revelaed discrepancies (Table 2).

Discrepancy analysis subsequently showed that amongst the 3 patients not flagged 
by the Model one had a catheter related UTI (CR-UTI), one already had an infection 
at the time of admission to hospital, and one had a superficial surgical site infection. 
The 35 patients the model flagged but were not flagged by the ICP included patients 
that had a HAI in 6 cases (5 with a Lower Respiratory Tract Infection and one with a 
CR-UTI), or had infections already present at the time of their admission (17 cases) 
or had no evidence of an infection, hospital-acquired or otherwise (12 cases, more 
details in Appendix).

Chart review of the discrepant cases, thus, revealed 6 new cases with a HAI, increas-
ing the number of patients with HAI to 28. A corrected discrepancy analysis between 
the Model ande ICP detection of HAI is shown in Table 3.
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table 2. Concordance in flagging patients with and without a hosptial-acquired infection (HAI) be-
tween Infection Control Practitioners (ICP) and the Model using algorithm-based Nii scoring.

Patients with hAI according to the IcP total

Patients with hAI according to the Model + -

+ 20 35 55

- 3 183 186

total 23 218 241

table 1. Variables and weights used to calculate the Nosocomial infection index (Nii)

Variable 
number

Variable Additional information Window Weight

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

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 in the 7 
days prior to the prevalence day

7 days < p_date> 1+x

10 Days from admission Days between prevalenceday and 
admission date <8 days

-2

table 3 Adjusted analysis of concordance in detection of patients with a hospital-acquired infection 
(HAI) between Infection Control Practitioner (ICP) and the Model using algorithm-based Nii scoring.

HAI according to HAI according to Gold standard (after chart review) total

the Model Yes No

Yes 26 29 55

No 2 184 186

The ICP

Yes 22 1 23

No 6 212 218

total 28 213 241
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Based on these data the Model had a sensitivity in detecting patients with a HAI 
of 92.9% (CI95 75.0-98.8%) and a specificity 86.4% (CI95 80.9-90.5%). This 
compared to a sensitivity of 78.6% (CI9558.5-91.0), specificity 99.5% (CI9597.0-
100%) when ICP performed the survey of HAI manually.

dIscussIOn

In this study we have shown that our innovative model for automated preselection 
has a sensitivity of 92.9% (CI95 75.0-98.8%) and a specificity 86.4% (CI95 80.9-
90.5%). Cases missed were not severe. The sensitivity of traditional surveillance 
by the ICP was 78.6% (CI9558.5-91.0), specificity 99.5% (CI9597.0-100%). This 
is in concordance with previous studies 17,29,30. All HAIs missed by the ICP were 
classified as severe infections. Traditional surveillance relies on the information 
provided by the department’s head nurse during the ward visit. In a semi-structured 
interview within limited time and under high pressure (e.g. outbreaks at the same 
time) information gets lost.
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Figure 1. Receiver operator curve of algorithm-derived Nii. The green dot indicates an Nii of 8.
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Automated preselection would reduce the number of patients that need to be as-
sessed to 22.8% (CI 17.8-28.7). Even better, when a correlation between preselec-
tion and actual point-prevalence rate exists ward visits are not needed.

The parameters we used are readily available in our hospital information system. 
The parameters are gathered during routine clinical practice. This means no extra 
effort on the wards is needed.

Limitation of the current model is that a clean differentiation between community-
acquired of hospital-acquired can not be made. Discrepancy analysis showed 
(23/35) 65.7 percent of the ‘false alarms’ could be explained by community acquired 
infections or hospital-acquired infection on admission.

Sensitivity is lower in certain categories of hospital-acquired infections, for example 
superficial surgical site infection. As more clinical parameters (like temperature and 
wound assessment scores) become digitally available future prospects for finding 
these are excellent.

 In this paper we present the set with the optimum trade-off between case-finding 
and workload reduction 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. We would like to introduce automated tools (datamining) 
to investigate whether a better model can be developed.

The fact that this is a surgical population means further validation on a whole-house 
population is needed. We are currently addressing this issue in a validation study 
against hospital-wide point-prevalence studies.

An important feature of the model presented in this article is that a day-score is 
available for every day from admission to discharge and even in an outpatient set-
ting, making it even more suitable for use in an incidence setting. Preliminary results 
of a validation study against 3 years of incidence measurements of surgical site 
infections following colonsurgery in a 455-bed teaching hospital are promising.

In conclusion, at this moment automated preselection based on the Nii-model will 
reduce the numbers of patients to be assessed during a point-prevalence survey 
in our surgical population to 22.8% (CI 17.8-28.7). Further research is needed to 
investigate whether this model is also suitable for a whole-house population. This 
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research will be the basis on which a model for continuous whole-house surveil-
lance can be developed.

Funding: This research was supported by the Erasmus MC Efficacy Improvement 
Programme.
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APPendIx

tabel 1. Patients flagged by the Model but not by the Infection Control Practitioner

Patient HAI? Diagnosis/type of infection

1 True Pneumonia

2 False No infection

3 False No infection

4 False No infection

5 True Pneumonia, sepsis

6 False Infection on admission

7 False Infection on admission

8 False No infection

9 False Infection on admission

10 False Infection on admission

11 False Infection on admission

12 False No infection

13 False No infection

14 True Pneumonia

15 False Infection on admission

16 False Infection on admission

17 False No infection

18 False No infection

19 False No infection

20 False Infection on admission

21 False Infection on admission

22 False Infection on admission

23 True Catheter related bloodstream 
infection

24 False Infection on admission

25 True Pneumonia

26 False Infection on admission

27 False No infection

28 False Infection on admission

29 False Infection on admission

30 False Infection on admission

31 False Infection on admission

32 False No infection

33 False Infection on admission

34 False No infection

35 True Pneumonia
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