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An AutomAted Algorithm to Preselect 
PAtients to Be Assessed individuAlly in Point PrevAlence surveys 
for Hospital-acquired infections in surgery

Hospital-acquired infections (HAIs) are adverse events that lead to additional mor-
bidity, mortality, and costs and are at least partly preventable. Better understanding 
of their burden is a prerequisite for prevention. Repeated point prevalence surveys1 
can approximate incidence-based surveillance. However, the frequency of these 
surveys is often limited, because point prevalence surveys are time consuming and 
human resources are limited. Reducing the number of patients to be assessed in 
detail per survey, a so-called selective surveillance method, would be a way to save 
time. Algorithms have been developed and can be used to discriminate between 
patients with and patients without HAI. The parameters used in such algorithms 
can be microbiological culture results alone2 or in combination with administrative 
data3,4 or infection parameters.5 Typically, published studies6-8 focus on case-finding 
(ie, they focus on sensitivity). However, because most patients do not have an HAI, 
efforts can be saved when a large number of patients can be safely excluded from 
the time-consuming, detailed assessment on the ward by the infection control prac-
titioner (ICP).9 Therefore, we developed an algorithm with high negative predictive 
value for the absence of HAI in a surgical population. The number of patients who 
need to be assessed by the ICP is thus very significantly reduced.

The Erasmus Medical Center is a 1,200-bed tertiary care university medical center 
located in Rotterdam, The Netherlands. A point prevalence survey on all types of 
HAI is conducted 2 times a year for all surgical patients with a hospitalization period 
greater than 24 hours. This survey was part of the hospital-wide point prevalence 
survey. Traditionally, the wards are personally visited by an experienced ICP. The 
ICP performed chart review and interviewed the attending medical personnel (the 
head nurse and, if needed, the attending physician). Centers for Disease Control 
and Prevention (CDC) criteria were used.10 Afterward, the results of microbiological 
examination were looked up in the electronic laboratory system. Patients who were 
being treated for an HAI on the prevalence day, although signs and symptoms might 
have already subsided, were considered to be positive for HAI.

We developed an algorithm that calculates a score (the nosocomial infection index 
[Nii]) for each hospitalization day. It is based on selected predictive parameters 
(Table 1) that are present on or in a time period of 7 days before the date of the 
prevalence survey. These parameters are digitally available in most hospital informa-
tion systems. The Nii differentiates between having an HAI (Nii greater than or equal 
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to 8) and not having an HAI (Nii less than 8). The cutoff value of 8 was determined 
retrospectively with the results of 2 point prevalence surveys conducted by the ICP 
among a surgical population in 2007 (data not shown).

The validation of this algorithm was performed with 2 consecutive point prevalence 
surveys (n = 503) conducted on surgical wards by the ICP in 2008. Their results 
were used as the reference standard to determine the sensitivity and specificity, 
negative predictive value (NPV), and positive predictive value (PPV) of the algorithm. 
A discrepancy analysis included retrospective review of all 503 patients. For this 
validation study and future research, we developed software to automatically ex-
ecute the algorithm on the basis of the parameters retrieved from the data mart.

According to the ICP, there were 47 patients (9.3%) with a total of 51 HAIs (50% 
surgical site infections, 15% lower respiratory tract infections, 19% urinary tract 
infections, 10% bloodstream infections, and 6% other). The software selected 133 
patients (26%) on the basis of an Nii of 8 or more. Sensitivity for all types of HAIs 
(available in the CDC/National Healthcare Safety Network surveillance definition of 
HAI) was 85%, and the specificity was 80%. NPV and PPV were 98% and 30%, re-
spectively. The missed cases (n = 7) consisted of 4 superficial surgical site infections 
for which no parameters were digitally available, 1 urinary tract infection, 1 case of 
ventilator-associated pneumonia, and 1 deep surgical infection that was still being 
treated with antibiotics although the symptoms had subsided.

table 1. Parameters, Time Window, and Weights Used to Calculate Nosocomial Infection Index

Parameter Additional information Time window Weight

CRP level Measured yes/no 7 days to date of
prevalence survey

1

Highest CRP level Highest level 148 mg/mL 7 days to date of
prevalence survey

1

Leukocyte count Measured yes/no 7 days to date of
prevalence survey

1

Highest leukocyte count Level >12x 109 or <4 x109 cells/mL 7 days to date of
prevalence survey

1

Microbiological culture Material sent and accepted for 
microbiological culture yes/no

7 days to date of
prevalence survey

1

Growth in microbiological culture Microorganism found and reported 7 days to date of 
prevalence survey

1

Treatment with antibiotics Antibacterials for systemic use (ATC code 
J01)

On day of 
prevalence survey

5

Specific microbiological specimen 
and outcome combination

Microorganism found in urine and wound 
culture

7 days to date of
prevalence survey

10

note. ATC, anatomical therapeutic chemical classification system; CRP, C-reactive protein.
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This pilot study shows that 74% of a surgical population can be excluded from de-
tailed assessment by the ICP. Manual review of only 133 of the 503 patients would 
have resulted in a reliable estimate of the point prevalence of HAI because of the 
algorithm’s high NPV. Moreover, no extra time was needed to make the selection 
on the basis of the algorithm, because gathering the values of each parameter and 
executing the algorithm were fully automated.

When clinical parameters (eg, temperature and wound assessment scores) become 
digitally available, it will be possible to further optimize the algorithm and include 
data used by CDC definitions of HAI instead of proxy parameters, like CRP and anti-
biotic use.

In conclusion, an automated selective surveillance method could save time by reli-
ably excluding patients in a surgical population from detailed assessment by the ICP. 
Although all types of HAI are included in this study, the mix of HAIs found in our surgi-
cal population might differ from a hospitalwide population. It is therefore important 
to study the algorithm’s performance in a hospital-wide point prevalence survey 
in our hospital and in another hospital as well. More and more clinical parameters 
will become digitally available (eg, patient temperatures have been documented 
in our hospital electronic health record since 2011) and can be incorporated in the 
algorithm to further increase its performance.
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