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Abstract

We developed and validated a set of fully automated surveillance algorithms for healthcare-onset CDI using electronic health records.
In a validation data set of 750 manually annotated admissions, the algorithm based on International Classification of Disease,
Tenth Revision (ICD-10) code A04.7 had insufficient sensitivity. Algorithms based on microbiological test results with or without addition
of symptoms performed well.

(Received 4 January 2022; accepted 8 February 2022)

Clostridioides difficile infections (CDI) pose a problem within
healthcare worldwide. In Europe, nearly 190,000 patients are hos-
pitalized with CDI every year.1 The most dominant risk factor for
CDI is previous treatment with antibiotics, but CDI outbreaks also
occur in healthcare institutions.2 Effective surveillance is important
to register adverse events, to enable quick response to outbreaks,
and to evaluate control measures. However, most surveillance is
based on time-consuming and resource-intensive manual review
of patient records, which is also prone to subjective interpretation
and surveillance bias.3 In this study, we developed and evaluated
the performance of a set of fully automated rule-based surveillance
algorithms, including free-text analysis, for healthcare-onset
(HO) CDI in hospitalized patients using electronic health record
(EHR) data.

Methods

In this observational study, we used prospectively entered EHR
data from the Karolinska University Hospital which is stored in
a research infrastructure called Health Bank–Swedish Health
Record Research Bank at DSV/StockholmUniversity, as previously
described.4,5 The study was approved by the Regional Ethical
Review Board in Stockholm under permission no. 2016/2309-32
and 2012/1838-31/3.

We developed and assessed 3 rule-based algorithms to detect
HO-CDI, CDI detected any time during hospital admission,
according to the definition of the European Centre for Disease
Prevention and Control (ECDC) (Fig. 1)6: (1) algorithm 1:
ICD-10 code A04.7 (enterocolitis due to C. difficile) during
admission; (2) algorithm 2: positive stool sample with C. difficile
toxin or toxin-producing C. difficile present during admission;
and (3) algorithm 3: algorithm 2 and CDI symptoms.

All stool samples analyzed forC. difficile during admission were
regarded as potential CDI episodes, and each admission without
stool samples analyzed for C. difficile counted as 1 potential
CDI episode. Stool samples were defined as positive when
C. difficile toxin A and/or B or a toxin-producing C. difficile organ-
ism was detected (based on cell cytotoxicity assay and toxigenic
culture). For the presence of CDI symptoms, the 7-day infection
window period (IWP) of the Centers for Disease Control and
Prevention (CDC) was used7, that is, symptoms had to be present
within 3 days before or after the day of the positive stool sample.

The development data set consisted of admissions with a
positive stool sample for C. difficile between January 2011 and
December 2011 (n= 561). CDI symptoms in all free-text medical
notes ±3 days around (n= 14,107) all positive stool samples
(n= 682) were manually annotated to find possible ways of
describing diarrheal stool and pseudomembranous colitis. Based
on a list of key words detected from these descriptions, we created
a regular expression (regex) for scanning free-texts in the EHR.
This regex also incorporated a negation cue to discard texts saying,
for example, ‘no diarrhea.’CDI episodes were defined as ongoing if
a positive stool sample result occurred within 14 days after a pre-
vious positive stool sample, and was defined as recurrent if a pos-
itive stool sample result occurred >14 days but <8 weeks after a

Author for correspondence: Suzanne Desirée van der Werff, Division of Infectious
Diseases, Department of Medicine Solna (MedS), Karolinska Institutet, 171 77
Stockholm, Sweden. E-mail: suzanne.ruhe.van.der.werff@ki.se

Cite this article: van der Werff SD, Fritzing M, Tanushi H, Henriksson A, Dalianis H,
Ternhag A, Färnert A, and Nauclér P. (2022). The accuracy of fully automated algorithms
for surveillance of healthcare-onset Clostridioides difficile infections in hospitalized
patients. Antimicrobial Stewardship & Healthcare Epidemiology, https://doi.org/10.1017/
ash.2022.32

© The Author(s), 2022. Published by Cambridge University Press on behalf of The Society for Healthcare Epidemiology of America. This is an Open Access article, distributed under the
terms of the Creative Commons Attribution licence (http://creativecommons.org/licenses/by/4.0/), which permits unrestricted re-use, distribution and reproduction, provided the original
article is properly cited.

Antimicrobial Stewardship & Healthcare Epidemiology (2022), 2, e43, 1–4

doi:10.1017/ash.2022.32

https://doi.org/10.1017/ash.2022.32 Published online by Cambridge University Press

https://orcid.org/0000-0001-7162-3844
https://orcid.org/0000-0001-9731-1048
https://orcid.org/0000-0003-0165-9926
https://orcid.org/0000-0001-7583-282X
https://orcid.org/0000-0002-8185-2648
mailto:suzanne.ruhe.van.der.werff@ki.se
https://doi.org/10.1017/ash.2022.32
https://doi.org/10.1017/ash.2022.32
http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1017/ash.2022.32
https://doi.org/10.1017/ash.2022.32


previous positive stool sample.6,7 Other CDI episodes were
regarded as new infections.

The performance of the algorithms was assessed in a validation
data set of 750 randomly selected admissions during 2012 and
2013. The validation data set was created by sampling 3 groups:
(1) admissions with at least 1 positive stool sample for C. difficile
(n= 287 of 756); (2) admissions with only negative stool samples
for C. difficile (n= 213 of 4,916); and (3) admissions with no stool
samples analyzed for C. difficile (n= 250 of 173,459). The 750
admissions were manually annotated via medical record review
to determine whether patients fulfilled the ECDC CDI definition.
These 750 admissions added up to 983 potential CDI episodes
(within the 3 groups 470, 263 and 250 possible CDI-episodes,
respectively) (Fig. 1).

Algorithm performance was evaluated by assessing the sensitiv-
ity, specificity, positive predictive value (PPV), and negative pre-
dictive value (NPV). To obtain performance estimates of the
algorithms in the total hospital population, estimates were extrapo-
lated to all patients hospitalized during 2012–2013 based on the
sampling proportions within the 3 groups described above.5 The
confidence interval (CI) for the extrapolated estimates were calcu-
lated as the 2.5th and 97.5th percentiles of point estimates obtained
from 10,000 bootstrap samples for each of the 3 groups. To account
for uncertainty, the bootstrapping was performed before extrapo-
lating the proportions from the validation dataset to the validation
period cohort. Analyses were performed using R version 3.6.1 soft-
ware (R Foundation for Statistical Computing, Vienna, Austria).

Results

The 750 hospital admissions within the validation cohort com-
prised 719 patients (641 adults and 78 children), of whom 253
(35.2%) had a CDI. Moreover, 225 (35.1%) of 641 adults had a
CDI, and 28 (35.9%) of 78 children had a CDI. Compared to

patients without CDI, patients with a CDI were older (median
age, 69 vs 58 y), had a longer length of stay (median days, 17 vs
5), had a higher Charlson comorbidity index (median, 2 vs 1),
and had a higher in-hospital mortality rate [9.5%, (24 of 253) ver-
sus 1.9% (9 of 466); all P < .001].

According to themanual record review of the 983 potential CDI
episodes present within the 750 admissions 351 were confirmed
CDI episodes: 260 (26.4%) were new, 60 (6.1%) were ongoing,
and 31 (3.2%) were recurrent (Fig. 1). For the algorithm perfor-
mance only the new CDI episodes were used. Algorithm 1,
based on ICD-10 code A04.7, had a sensitivity of 0.442 (95% CI,
0.381–0.504) in correctly identifying CDI episodes (Table 1).
Algorithms 2 and 3 had sensitivities of 1.000 (95% CI,
0.999–1.000) and 0.992 (95% CI, 0.980–1.000), respectively, and
both had a specificity of 1.000 (95% CI, 0.999–1.000). Using
algorithm 2, 12 patients in the validation set were misclassified
as positive compared to 6 patients using algorithm 3, and algo-
rithm 3 misclassified 2 patients as negative (for details see footnote
Table 1).

Discussion

Fully automated algorithms based on microbiological data with or
without free-text analysis of symptoms performed well for surveil-
lance purposes in detecting CDI, whereas an algorithm based on
ICD-10 code had insufficient sensitivity. This inadequacy was
related to poor recording of the CDI ICD-10 code despite positive
stool tests and symptoms for CDI. The algorithm based on only
microbiological tests tended to slightly overestimate the prevalence
of CDI, and the algorithm that also included analyses of free text
slightly reduced false positives. However, this improvement came
at the expense of being computationally more challenging and
would also require adaptation to local EHR systems. The small
difference between the algorithms based on microbiological data

Fig. 1. Flow chart of study and flow diagram of the 3 rule-based surveillance algorithms for HO Clostridioides difficile infection.
Note. CDI, Clostridioides difficile infection; HO, healthcare-onset. CDI episode: All stool samples analyzed for C. difficile during admission were regarded as potential CDI episodes,
and each admission without stool samples analyzed for C. difficile counted as 1 potential CDI episode.
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only compared to the addition of free-text analysis of symptoms
corresponded to the situation in which testing for C. difficile
was primarily performed when patient exhibited symptoms.
In our hospital, C. difficile testing was initiated only based on
the clinical decision of the physician, and all stool samples sent
to the microbiology laboratory for this purpose where analyzed
(no rejection criteria based on stool consistency or frequency of
testing, for example). However, in settings with more liberal use
of C. difficilemicrobiological testing, free-text analysis might show
greater benefit because it could reduce false-positive results.

Only 3 studies have shown the benefit of fully automated
surveillance for CDI bases on microbiology data.8–10 However,
2 studies did not validate their results against record review via
ECDC or CDC guidelines.8,9 The remaining study validated their
algorithm against record review according to CDC guidelines.10

The specificity of their algorithm for HO-CDI, based on a positive
stool sample, was similar to our 2 algorithms using positive stool
samples with or without CDI symptoms. The sensitivities of both
our algorithms were higher than their sensitivity. However, this
difference was caused by the relatively poor performance in one
of their participating hospitals compared to the other 3 hospitals
in their study.

The strengths of our study included the extensive availability
of EHR data, which enabled us to simulate the performance of
epidemiological surveillance using real-world, real-time data,
and the application of the same testing guidelines and diagnostic
methods for CDI throughout the entire study period. Our study
also had limitations. We used data from only 1 hospital over a
limited period, so the applicability of the algorithms to other
acute-care settings, especially in regard to different testing strat-
egies over time and across institutions, may limit the generaliz-
ability of our results. For example, during the study period,
immunoassays (EIAs) or nucleic acid amplification tests
(NAATs) were not used as diagnostic methods, which reduced
the risk of overdiagnosis in our study. However, the introduc-
tion of NAAT might lead to the overdiagnosis of CDI,
both by algorithms and manual annotation, which should be
considered when implementing this algorithm during later peri-
ods or at other institutions.

In conclusion, algorithms based on microbiological test results
only are likely to perform well in hospitals with symptom indica-
tions for C. difficile testing, while free-text analysis of medical notes
could improve surveillance algorithm performance if more liberal
indications for C. difficile testing are used.
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