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Evaluation of an algorithm for ElEctronic SurvEillancE of 
Hospital-acquired infections Yielding serial WeeklY point 
PrEvalEncE ScorES

Hospital-acquired infections (HAIs) are adverse events that lead to increased 
morbidity, mortality, and costs and are at least partly preventable. Insight into their 
epidemiology is a prerequisite for infection control. Frequently performed point 
prevalence surveys1 would be a way to become informed about the burden of HAI 
and to start focused interventions. However, the frequency of these surveys is often 
limited, because point prevalence surveys are time consuming and human resources 
are limited. To overcome this problem, we developed a highly effective electronic 
surveillance method.2-7 In a pilot study,8 we showed that this surveillance method, 
based on our algorithm, could save the infection control practitioner (ICP) much 
time and effort when conducting point prevalence surveys for all types of HAIs in 
a surgical population, because only selected patients (approximately 26% of the 
evaluated population) need detailed assessment.

The risk of targeting only high-risk patients and common HAIs is that all other HAIs in 
all other wards are not monitored, and emerging outbreaks may remain undetected. 
We therefore upgraded our electronic surveillance method to a hospital-wide, se-
rial, weekly point prevalence survey system. To be of value, serial electronic point 
prevalence surveys require the sensitivity of the algorithms to be high for all types 
of HAI, especially surgical site infections (SSIs), lower respiratory tract infections 
(LRTIs), bloodstream infections (BSIs), and urinary tract infections (UTIs). In addition, 
results of consecutive point prevalence surveys should be consistent and reproduc-
ible. Therefore, we evaluated the sensitivity and consistency of our upgraded expert 
rule–based algorithms to preselect patients in a hospital-wide population with an 
HAI in general and for SSI, LRTI, UTI, and BSI separately.

Relevant data for each patient in the hospital are automatically collected on a daily 
basis from different databases (patient administration, chemistry, microbiology, 
radiology, medication, operating theater, and electronic patient charts) and stored 
in a data mart. A point prevalence population is automatically created on the basis 
of the inclusion criteria (eg, hospital stay longer than 24 hours). In this population, 
the selection algorithm differentiates between patients with and patients without 
a high probability of having an HAI on the basis of a set of predictive parameters 
(C-reactive protein level, leukocyte count, microbiology reports, antibiotics pre-
scriptions, and census data). We designed a highly configurable, expert rule–based 
algorithm. For each expert rule, points are added when its outcome is positive within 
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a configurable time period before or on the prevalence survey date. These points 
add up to a total sum, designated the nosocomial infection index (Nii), for each 
patient for each day of his or her current hospitalization. We explored different sets 
of expert rules and different cutoff values (using receiver operator curve analysis) 
to determine the Nii that would best differentiate (defined as a sensitivity of 90% 
or greater and the highest specificity possible) between the presence and absence 
of an HAI using the results of a hospital-wide point prevalence survey conducted in 
March 2008 as our reference standard. For example, when a microorganism is found 
in a clinical specimen from the urinary or respiratory tract or from blood or wound 
specimens in the week before the prevalence survey date, points will be added. All 
microbiological examinations used for screening and surveillance purposes were 
excluded. We also optimized the specificity of the algorithm by automatically ex-
cluding prophylactic use of antibiotics. Patients who were admitted to the hospital 
with an infection and were given antibiotics promptly were automatically excluded 
as well, unless they had undergone surgery in our center within the previous year (as 
part of postdischarge surveillance for SSIs). All of these inclusion and exclusion rules 
were added to the algorithms using an intuitive software interface for automated, 
hospital-wide detection of HAI.

The sensitivity of the selection algorithm was validated using a cohort of 5,206 
patients divided over 9 consecutive hospital-wide surveys performed each March 
and October from 2008 through 2012. The sensitivity of the algorithm compared 
with the results of the traditional (ward visit and chart review) surveys by the ICP was 
determined for each of the 9 point prevalence surveys, for all types of HAIs together, 
and for the following 5 separate categories: SSIs (superficial, deep, and anatomical 
space infections), LRTIs (including ventilator-associated infections), BSIs (primary, 
catheter-related, and secondary infections), UTIs, and other. Consistency over time 
of the algorithms was analyzed using the likelihood ratio x2 test on the outcomes. 
In view of the small numbers of HAIs and the large overall sample size, the Monte 
Carlo simulation method available in proc freq in SAS version 9.2 (SAS) was used to 
obtain exact P values instead of the usual asymptotic ones that can be inaccurate in 
these circumstances.

The selection algorithm was validated on 9 consecutive hospital-wide point preva-
lence surveys for all types of HAI. In total, 409 HAIs in 370 patients were documented 
during these traditional ward-based point prevalence surveys performed by ICPs. 
The overall HAI rate was 8.1 HAIs per 100 patients.
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By electronic algorithm-based survey of each of the 5,206 patients in the studied 
population, 3,624 (70%) of the patients were automatically marked as not having 
an HAI. In the remaining 30% of the population, assessment by the ICP detected 
91% (371 of 409) of all types of HAI, including 91% (107 of 118) of the SSIs, 91% 
(89 of 98) of the BSIs, 92% (88 of 96) of the LRTIs, and 87% (34 of 39) of the UTIs. 
Nine percent (38 of 421) of the infections were not identified by the algorithm. Over 
time, the performance of the algorithm was consistent (ie, no significant trend was 
indicated by the exact likelihood ratio x2 test; Figure 1).

In this study, we showed that an automated electronic surveillance method based 
on our highly configurable expert rule–based selection algorithm is a sensitive 
and reproducible way to automatically exclude a large majority of patients from 
detailed assessment by the ICP. This procedure provides a highly efficient way to 
perform hospitalwide screening for all types of HAI at the same time. This way, the 
risk of missing outbreaks is minimized. In our 1,200-bed hospital, a point preva-
lence survey can now be done in less than 20 hours if our software is used. This is 
a significant reduction compared with the time needed for a traditional ward-based 
point prevalence survey (at least 200 hours). Among the automatically preselected 
patients, more than 90% of all HAIs can be found. The performance of the algorithm 
proved to be consistent when it was applied 9 times over a 5-year period. All types 
of HAI were detected with comparably high sensitivity. The predictors used by the 
algorithm are digitally available in most hospitals; thus, gathering the predictors and 
executing the algorithm can be fully automated. The specificity of the algorithm is 
high without compromising the sensitivity of postdischarge surveillance for those 
SSIs that present themselves through patient readmission to the hospital.

In conclusion, an automated electronic surveillance method based on an expert 
rule–driven algorithm proved to be highly sensitive, specific, and reproducible. Only 
a minority of patients remain to be assessed in detail by the ICP. Using the software 
that we developed, a net labor time of only 20 hours is required per hospital-wide, 
1,200bed point prevalence survey. Ultimately, this electronic surveillance system 
allows for frequent serial surveys of HAIs, thereby significantly improving the value 
and robustness of HAI surveillance. Future near-real-time automated feedback of 
the results of this type of surveillance to the medical and managerial staff may 
impact the quality of routine clinical practice.
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figure 1. A, Point prevalence of hospital-acquired infection (HAI) for each survey performed in a pe-
riod of 5 years. B, No trend detected in the sensitivity of the algorithm to detect HAI (P = .94), surgical 
site infection (SSI; P = .67), bloodstream infection (BSI; P = .09), lower respiratory tract infection (LRTI; 
P = .59), urinary tract infection (UTI; P = .41), and other (P = .79). Asterisk indicates the development/
test population, March 2008.
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