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ORIGINAL ARTICLE

Comparison of Automated Strategies
for Surveillance of Nosocomial Bacteremia
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Jacques Bille, MD; Adriana Klopotov, MS; Yannick Vallet, MS; René Patthey, MS; Giorgio Zanetti, MD, MS

oBJECTIVE. Surveillance of nosocomial bloodstream infection (BSI) is recommended, but time-consuming. We explored strategies for
automated surveillance.

METHODS. Cohort study. We prospectively processed microbiological and administrative patient data with computerized algorithms to
identify contaminated blood cultures, community-acquired BSI, and hospital-acquired BSI and used algorithms to classify the latter on the
basis of whether it was a catheter-associated infection. We compared the automatic classification with an assessment (71% prospective) of
clinical data.

SETTING. An 850-bed university hospital.

PARTICIPANTS. All adult patients admitted to general surgery, internal medicine, a medical intensive care unit, or a surgical intensive
care unit over 3 years.

RESULTS. The results of the automated surveillance were 95% concordant with those of classical surveillance based on the assessment
of clinical data in distinguishing contamination, community-acquired BSI, and hospital-acquired BSI in a random sample of 100 cases of
bacteremia. The two methods were 74% concordant in classifying 351 consecutive episodes of nosocomial BSI with respect to whether the
BSI was catheter-associated. Prolonged episodes of BSI, mostly fungemia, that were counted multiple times and incorrect classification of
BSI clinically imputable to catheter infection accounted for 81% of the misclassifications in automated surveillance. By counting episodes
of fungemia only once per hospital stay and by considering all cases of coagulase-negative staphylococcal BSI to be catheter-related, we
improved concordance with clinical assessment to 82%. With these adjustments, automated surveillance for detection of catheter-related
BSI had a sensitivity of 78% and a specificity of 93%; for detection of other types of nosocomial BSI, the sensitivity was 98% and the
specificity was 69%.

Automated strategies are convenient alternatives to manual surveillance of nosocomial BSL
Infect Control Hosp Epidemiol 2007; 28:1030-1035

CONCLUSION.

that contribute to the occurrence and affect the outcome of
nosocomial BSI. In addition, the incidence rate of BSI can

Nosocomial bloodstream infection (BSI) is a major cause of
morbidity and mortality in hospitalized patients.'” These in-

fections represent about 15% of all nosocomial infections.*
Approximately 250,000 cases of nosocomial BSI occur an-
nually in the United States.' In recent studies, the incidence
of BSI ranged from 1.3 to 18.4 episodes per 1,000 hospital
admissions, depending on the study population, the presence
of invasive devices, and the length of hospital stay."*” The
crude mortality rate also varied widely for patients with nos-
ocomial BSI, ranging from 12% in the total hospital popu-
lation to 80% in ICU patients."*®

The Centers for Disease Control and Prevention (CDC)
recommends continuous surveillance for nosocomial BSL*’
This surveillance provides useful data for identifying factors

be used as a marker either for the quality of hospital care
over time or for the impact of preventive measures.'>’* How-
ever, traditional surveillance methods based on manual review
of clinical and microbiological data are time-consuming and
costly,"” and the automated detection of hospital-acquired
infections on the basis of electronic data is a promising al-
ternative that can facilitate this task.'"** Nosocomial BSI is a
suitable candidate for automated surveillance, because the
definition and classification criteria are increasingly available
in hospital information systems.”’ The aim of this study was
to compare different strategies for implementing automated
surveillance of nosocomial BSI.
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METHODS

We conducted a cohort study over 3 years in an 850-bed
university hospital (University Hospital, Lausanne, Switzer-
land). We first evaluated the performance of an automated
system recently implemented for the surveillance of noso-
comial BSI. On the basis of these results, we then explored
different strategies for improving the automated surveillance.

Evaluation of Automated Surveillance

It was not the goal of the automated system to monitor clin-
ical sepsis, which is part of the CDC definition of BSI. The
system was based on an electronic data warehouse that gath-
ered administrative patient data and the results of microbi-
ological testing. It processed these data through a several-step
algorithm (Figure) to exclude instances of contaminated
blood culture; to distinguish between community-acquired
BSI and nosocomial BS, in accordance with CDC definitions;
and to classify nosocomial BSI as catheter associated or not
catheter associated.””

This last step was slightly different from CDC surveillance
definitions, which classify true nosocomial bacteremia as lab-
oratory-confirmed BSI when other sites of infection have
been excluded.>” Exclusion of a primary focus of infection,
however, requires clinical interpretation. Because most CDC-
defined cases of laboratory-confirmed BSI are actually as-
sociated with a catheter,”' the automated surveillance system
approximated this by distinguishing catheter-related BSI (de-
fined by the simultaneous isolation of the same organism
from blood and from a semiquantitative culture of the cath-
eter tip [cutoff value, greater than 15 colony-forming units
/ catheter tip]) from other types of nosocomial BSI. Organ-
isms were defined as identical if the species identification and
the antibiotic susceptibility profile were the same (pairs that
were resistant and intermediately susceptible were not con-
sidered discordant, nor were pairs that were fully susceptible
and intermediately susceptible).

The “gold standard” to which the automated surveillance
was compared was a manual collection of clinical data from
the medical record of every patient with a positive blood
culture result. To determine whether a BSI was related to a
focus of infection, we relied on the prospective clinical as-
sessment of an infectious diseases specialist, when available,
or on a retrospective review of medical records performed
by one of us (C.B.). The study population included all patients
admitted to the following adult wards over a 2-year period:
internal medicine, general surgery, and the medical and sur-
gical intensive care units.

We first used a random sample of 100 episodes with pos-
itive blood culture results to assess the performance of the
automated surveillance system in distinguishing between cul-
ture contamination, community-acquired BSI, and hospital-
acquired BSI. We then focused on the episodes of nosocomial
BSI identified in the whole study population by the automated
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surveillance system, to determine its performance in classi-
fying nosocomial BSI as catheter associated or not catheter
associated.

Strategies for Improving Automated Surveillance

From our assessment of the existing automated surveillance
system, we derived improvement strategies based on alternate
processing of the same data. The impact of these improve-
ment strategies was validated in a separate sample consisting
of all patients admitted to the study wards during a third
year.

RESULTS
Evaluation of Automated Surveillance

During the 2-year study period, 669 episodes with positive
blood culture results were detected in the study wards. Of
these, 267 (40%) of the episodes occurred in the internal
medicine ward, 111 (17%) occurred in the general surgery
ward, and 256 (38%) occurred in the intensive care units. A
total of 351 (53%) episodes were automatically classified as
nosocomial, 161 (24%) as community-acquired, and 157
(23%) as culture contamination.

We first compared the results of this automated classifi-
cation with the results of a manual review of medical records
for a random sample of 100 episodes with positive blood
culture results. The ward distribution in this sample was the
same as that in the source population. The automated clas-
sification of hospital-acquired BSI, community-acquired BS]I,
or culture contamination was concordant with that of the
manual review in 95 (95%) of 100 cases. The 5 misclassifi-
cations were as follows: 1 contaminated blood culture was
misclassified as representing a hospital-acquired episode of
BSI; 2 occurrences of nosocomial BSI that the automatic sur-
veillance system identified in 1 patient could be attributed
clinically to a single, prolonged episode; and 2 episodes clas-
sified as contamination were actually hospital-acquired BSI
caused by coagulase-negative staphylococci, each documented
in 1 blood sample only.

The automated surveillance system therefore detected hos-
pital-acquired BSI with a sensitivity of 96% and a specificity
of 94%. Sensitivity and specificity were both 100% for the
diagnosis of community-acquired BS]; for the diagnosis of
contaminated blood cultures sensitivity was 96% and speci-
ficity was 97%.

We then assessed all 351 episodes with positive blood cul-
ture results that had been automatically classified as noso-
comial. Of those, 95 (27%) were attributed to a catheter-
related infection and 256 (73%) to another origin. The
automated classification of nosocomial catheter-related BSI
and nosocomial BSI of other origin was concordant with the
manual chart review in 74% of cases. Results are summarized
in Table 1. Similar results were obtained when the analysis
was restricted to intensive care unit patients (data not shown).

Downloaded from https:/www.cambridge.org/core. University of Basel Library, on 30 May 2017 at 13:38:44, subject to the Cambridge Core terms of use, available at
https:/www.cambridge.org/core/terms. https://doi.org/10.1086/519861


https:/www.cambridge.org/core/terms
https://doi.org/10.1086/519861
https:/www.cambridge.org/core

1032 INFECTION CONTROL AND HOSPITAL EPIDEMIOLOGY

Microbiological data
(Data on all positive blood and

SEPTEMBER 2007, VOL. 28, NO. 9

catheter culture results, date,
species identification, and
antibiotic susceptibility profile)

Administrative data
(Patient ID, ward, date
of admission)

Culture from one of several blood

YES

samples yields a classical skin >

contaminant?®

lNO

L True bacteremia l

!

Blood cultures yield the same
organism® within 72 h

YES
:! Duplication

NO

h4

New episode of bacteremia —!

Episode occurs within 72 h

after admission

Community-

YES |
" acquired

LNO

A

Nosocomial

Same organism® cultured from a ES
catheter tip at the time of positive blood >
culture results +72 h interval

Catheter-related

NO

Y

Other origin

-

FIGURE.

Bloodstream infection classification algorithm for the initial automated surveillance system for nosocomial bacteremia. “The

following microorganisms were considered classical skin contaminants: diphtheroids, Bacillus species, Propionibacterium species, coagulase-
negative staphylococci, and micrococci.? "Microorganisms were considered identical if the species identification and the antibiotic suscep-

tibility profile were the same; see Methods for details.

Strategies for Improving Performance

We identified 2 flaws in the automated surveillance system
that were amenable to improvement without requiring addi-
tional data. Taken together, these flaws accounted for 81% of
the discrepancies between automated and manual surveillance.

Avoid counting prolonged episodes multiple times. The 36
episodes counted multiple times corresponded to 29 pro-
longed episodes of hospital-acquired BSI that had already
been detected, 20 of which were Candida fungemia. Extending
the definition of an episode of Candida fungemia from 72

hours to the entire duration of the hospital stay prevented
these cases of fungemia from being counted multiple times
without adding new errors. In contrast, extending the du-
ration of an episode was not an option to reduce multiple
counts of episodes of BSI caused by organisms other than
Candida species, because it would induce new errors by clas-
sifying relapsing BSI as a single episode.

Better identification of catheter-related BSI. Thirty-eight
episodes of nosocomial BSI that the automatic system at-
tributed to an origin other than a catheter were reclassified
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Comparison of the Initial Automated Surveillance System and Manual Chart Review

for the Classification of Nosocomial Bloodstream Infection (BSI)

Automated surveillance classification

No. (%) of episodes

Catheter-

Chart review related BSI of Sensitivity,  Specificity,
classification BSI other origin Total % % K
Catheter-related BSI 80 38 118 (34) 68 94 0.64
BSI of other origin 3 180 183 (52) 98 55 0.53
Not nosocomial BSI* 12 38 50 (14) NA NA NA

Total 95 256 351 (100) NA NA NA
NOTE. NA, not applicable.

* These misclassifications were as follows: 36 episodes of prolonged BSI counted multiple times, 7 instances
of culture contamination, and 7 community-acquired infections documented late.

as catheter-related after manual chart review (Table 1). Twelve
(32%) of these episodes were caused by coagulase-negative
staphylococci (CoNS). After the system was adjusted to at-
tribute all CoNS bacteremia (18 episodes) to a catheter-re-
lated infection (after exclusion of contaminated blood cul-
tures), it correctly classified 12 additional episodes at the price
of 6 misclassifications.

The net effect of both improvement strategies. Extending
the duration that defined an episode of candidemia and clas-
sifying all episodes of CoNS BSI as catheter-related increased
concordance between the findings of the automated surveil-
lance system and the manual chart review, increasing it from
74% to 82%. These results are summarized in Table 2.

If findings of a manual chart review limited to episodes of
CoNS BSI (ie, to 5% of all nosocomial episodes) were added
to the findings of the automated surveillance system, the
concordance with the findings of an exhaustive manual chart
review increased further, from 82% to 84%. For the detection
of catheter-related BSI, sensitivity remained at 78%, and spec-
ificity improved from 93% to 96%. For the detection of
nosocomial BSI of other origin, sensitivity remained at 98%,
and specificity remained at 69%.

TABLE 2.

We also considered using differential time to positivity for
cultures of blood samples drawn from a central venous cath-
eter and from a peripheral vein, because this method has
been shown to be accurate for the diagnosis of catheter-re-
lated BSL>*** However, the time and site of sampling were
seldom documented. Therefore, the incorporation of these
criteria, although feasible, would not have improved the per-
formance of the automated surveillance system.

Validation of the Improvement Strategies

These improvement strategies had a similar impact in a dis-
tinct sample composed of all patients admitted to the study
wards during a third year. Among 202 episodes of nosocomial
bacteremia that were detected, the automated surveillance
system identified 14 episodes of BSI caused by Candida spe-
cies and 24 episodes caused by CoNS. Extending the duration
of an episode of candidemia to the full hospital stay appro-
priately reduced the number of episodes of CoNS BSI to 11.
If we considered all episodes of CoNS BSI to be catheter-
related, this assumption allowed the automatic system to cor-

Comparison of the Improved Automated Surveillance System and Manual Chart

Review for the Classification of Nosocomial Bloodstream Infection (BSI)

Automated surveillance classification

No. (%) of episodes

Catheter-
Chart review related BSI of Sensitivity, Specificity,
classification BSI other origin Total % % K
Catheter-related BSI 92 26 118 (36) 78 93 0.72
BSI of other origin 5 178 183 (55) 98 69 0.68
Not nosocomial BSI* 10 20 30 (9) NA NA NA
Total 107 224 331 (100) NA NA NA

NOTE. NA, not applicable.

* These misclassifications were as follows: 16 episodes of prolonged BSI counted multiple times, 7 instances
of culture contamination, and 7 community-acquired infections documented late.
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rectly classify 13 additional episodes at the price of 4 addi-
tional misclassifications.

DISCUSSION

In this study, the results of automated surveillance of nos-
ocomial BSI were 95% concordant with the results of manual
surveillance based on CDC criteria, with respect to the dis-
tinction between hospital-acquired BSI, community-acquired
BSI, and contaminated blood culture. For the distinction be-
tween catheter-related BSI and nosocomial BSI of other or-
igins, we could achieve a concordance of 82%. This could be
further improved to 84% by adding a manual chart review
limited to episodes that the automatic system classified as
nosocomial and caused by CoNS (ie, 5% of all episodes of
nosocomial BSI in our series).

An automated surveillance system may identify catheter-
related BSI more accurately by incorporating into the analytic
algorithm the difference in quantitative blood culture results
and the difference in time to culture positivity between blood
samples drawn from a central venous catheter and samples
drawn from a peripheral venous puncture.>**** However,
quantitative blood culture is not routine practice in most
microbiology laboratories. As far as time to culture positivity
is concerned, it could not be used in the surveillance system
we studied, because the precise timing of blood sampling was
too rarely documented in the study wards.

One limitation of the present study is its partially retro-
spective design. However, this is the case for most surveillance
programs, In addition, the “gold standard” to which the au-
tomated surveillance was compared was a prospective, written
evaluation by infectious diseases specialists in 71% of the
study population (249 of 351 patients with positive blood
culture results), and a retrospective review of patient records
only for the remaining 29%.

We acknowledge the fact that our automated surveillance
system differs from CDC surveillance criteria in 2 aspects.
First, the CDC distinguishes 2 categories of BSI: infections
that are documented microbiologically and clinical sepsis
without microbiological documentation.”* Automated sur-
veillance for clinical sepsis would require a complex pro-
cessing of clinical data that are not all available in the in-
formation system of our hospital.

Second, the CDC definitions classify positive blood culture
results for nosocomial infection as laboratory-confirmed BSI
after exclusion of culture contamination and of bacteremia
related to a primary focus of infection other than a catheter.”
However, the identification of a primary focus of infection
most often requires a clinical assessment and is therefore not
easily amenable to automation. Instead, we chose the option
of distinguishing whether nosocomial BSI was catheter related
(if documented by a significant result of semiquantitative
culture of a catheter tip). This implies an underestimation of
the CDC’s category of laboratory-confirmed BSI, because the
latter should also include catheter-related BSI in the absence
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of a positive catheter-tip culture result and nosocomial BSI
of unknown origin. Our automated surveillance system ac-
tually initially misclassified 40% of the CDC-defined episodes
of laboratory-confirmed BSI, all of which were catheter-re-
lated. We reduced this proportion to 31% by classifying all
true episodes of CoNS bacteremia as catheter-related BSI, and
it was reduced to 28% by manually reviewing the records of
patients with CoNS bacteremia.

It should be noted that the automatic surveillance system
also provides data on episodes of nosocomial bacteremia pre-
sumably related to a primary focus of infection. Although
this is not included in the CDC definitions for surveillance
of nosocomial BSI, it is of interest as a surrogate marker of
all nosocomial infections. For public reporting, surveillance
based on chart review and criteria such as those proposed by
the CDC remains the “gold standard.” However, the auto-
mated surveillance system may also be useful in this context,
as a screening system to identify which patient records should
be reviewed.

The surveillance of nosocomial BSI provides a marker for
the evolution of nosocomial infection in general over time
and for evaluating the quality of care and the impact of pre-
ventive measures. Although not perfect, an 82% concordance
with the classical surveillance method, as achieved by our

“automated surveillance system, may be sufficient to achieve

this, at least to a large extent. This level of imprecision is
acceptable, provided it can be well characterized by deter-
mining the sensitivity and specificity and the reasons for re-
sidual misclassifications. Moreover, a certain degree of im-
precision must be balanced against the advantages of an
automated surveillance system. First, an automated system
saves resources because it can be exploited at no cost, in
contrast to classical surveillance, which requires a consider-
able amount of time. Second, the performance of an auto-
mated surveillance system is ensured by analytic algorithms
that do not rely on subjective interpretation. Third, auto-
mation can be implemented easily in any institution with the
appropriate information technology. The basic requirement
is to build a reliable interface between the laboratory data
and the administrative data. We have not compared the results
obtained with our approach at different hospitals. However,
none of the criteria used in our algorithms have features
unique to our institution. Therefore, we do not expect that
the system would perform differently in different institutions.
We conclude that an automated surveillance system based on
electronic laboratory and administrative data is a promising,
cheap, and time-saving alternative to manual surveillance for
nosocomial BSI that would allow resources to be devoted to
other infection control activities.
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