Wolfensberger et . Antimicrobial Resistance
Antimicrobial Resistance & Infection Control (2024) 13:30

https://doi.org/10.1186/513756-024-01375-8 and Infection Control

. ®
Automated surveillance e

of non-ventilator-associated hospital-acquired
pneumonia (nvHAP): a systematic literature
review

Aline Wolfensberger'?', Alexandra U. Scherrer® and Hugo Sax®

Abstract

Background Hospital-acquired pneumonia (HAP) and its specific subset, non-ventilator hospital-acquired pneumo-
nia (nvHAP) are significant contributors to patient morbidity and mortality. Automated surveillance systems for these
healthcare-associated infections have emerged as a potentially beneficial replacement for manual surveillance. This
systematic review aims to synthesise the existing literature on the characteristics and performance of automated
nvHAP and HAP surveillance systems.

Methods We conducted a systematic search of publications describing automated surveillance of nvHAP and HAP.
Our inclusion criteria covered articles that described fully and semi-automated systems without limitations on patient
demographics or healthcare settings. We detailed the algorithms in each study and reported the performance char-
acteristics of automated systems that were validated against specific reference methods. Two published metrics were
employed to assess the quality of the included studies.

Results Our review identified 12 eligible studies that collectively describe 24 distinct candidate definitions, 23

for fully automated systems and one for a semi-automated system. These systems were employed exclusively

in high-income countries and the majority were published after 2018. The algorithms commonly included radiology,
leukocyte counts, temperature, antibiotic administration, and microbiology results. Validated surveillance systems’
performance varied, with sensitivities for fully automated systems ranging from 40 to 99%, specificities from 58

and 98%, and positive predictive values from 8 to 71%. Validation was often carried out on small, pre-selected patient
populations.

Conclusions Recent years have seen a steep increase in publications on automated surveillance systems for nvHAP
and HAP, which increase efficiency and reduce manual workload. However, the performance of fully automated
surveillance remains moderate when compared to manual surveillance. The considerable heterogeneity in candidate
surveillance definitions and reference standards, as well as validation on small or pre-selected samples, limits the gen-
eralisability of the findings. Further research, involving larger and broader patient populations is required to better
understand the performance and applicability of automated nvHAP surveillance.
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Background

Non-ventilator-associated hospital-acquired pneumo-
nia (nvHAP) is a specific subset of hospital-acquired
pneumonia (HAP) that affects patients without an
invasive respiratory assist device, thereby differentiat-
ing it from ventilator-associated pneumonia (VAP) [1].
Despite being one of the most common healthcare-
associated infections (HAIs) [2—4], and having consid-
erable implications for patient morbidity, mortality, and
healthcare expenditure [5], and noteworthy contribu-
tion to heightened antibiotic use, nvHAP has long been
overlooked by the infection prevention and control
(IPC) community [6, 7]. Recently, the importance and
unique risk factors of nvHAP have led to the inclusion
of nvHAP in internationally recognised IPC guidelines
[8], and research into interventions to mitigate nvHAP
has been gaining momentum over the past five years
[9-12].

Surveillance is widely recognised as a fundamen-
tal aspect of infection prevention and control (IPC),
instrumental in detecting outbreaks, shaping preventa-
tive initiatives, and assessing the efficacy of interven-
tions [1]. Traditionally, HAI surveillance constitutes a
labour-intensive exercise, heavily dependent on manual
data collection and the nuanced clinical insights of IPC
specialists. The emergence of fully and semi-automated
surveillance systems holds the promise of a significant
turning point in IPC [13]. These novel systems aim to
streamline data acquisition, improve analytical preci-
sion, and expedite intervention, thereby maximising the
utilisation of human and financial resources. However,
the successful deployment of these automated systems
often depends on the availability of the required data in
a structured, electronic form. Complicating this is the
presence of multiple, sometimes discordant, IT solutions
within healthcare settings. Despite these challenges, the
transformative potential of automated systems to reshape
traditional surveillance methodologies highlights the
increasing role of information technology and data sci-
ence in contemporary healthcare environments [14]. The
PRAISE network, a collaboration involving 30 experts
from 10 European countries, provides a comprehensive
roadmap for transitioning from conventional manual
surveillance to automated systems [15]. The guidance
underscores the importance of uniform data, stakeholder
engagement, and methodological re-evaluation as crucial
steps for successful large-scale implementation to elevate
the quality of care.

While automated surveillance offers considerable
advantages, there is a noticeable gap in both the schol-
arly and practical discourse about its applicability to
nvHAP. Given the condition’s widespread prevalence and
its implications for the health of virtually all hospital-
ised patients, it is imperative to assess the performance
of automated surveillance systems in detecting nvHAP
as a foundation for preventative measures. Additionally,
the unique complexities and challenges associated with
nvHAP, including surveillance definitions that typically
rely on unstructured data formats for signs and symp-
toms, may necessitate tailored solutions distinct from
those for other HAIs. A 2019 systematic review of elec-
tronically aided surveillance systems for HAIs in general
also covered performance metrics for lower respiratory
tract infections but did not distinguish between nvHAP
and VAP [16]. In light of the rapidly evolving literature
on automated nvHAP surveillance, our systematic review
aims to fill this knowledge gap. We focus on delineating
the current state of fully automated and semi-automated
surveillance systems specific to HAP, with a special focus
on nvHAP.

Methods

We followed Preferred Reporting Items for Systematic
Reviews and Meta-Analysis (PRISMA) recommendations
when conducting this systematic review [17]. The study
was registered at Prospero (Ref CRD42023444958). We
searched Medline/Ovid, EMBASE, and the Cochrane
Library for studies published before May 24th, 2023,
without language restriction. The detailed search strat-
egy was elaborated in collaboration with a health sciences
librarian and is included in the Additional file 1. Dupli-
cates were excluded, and additional articles were iden-
tified by reference list search from articles undergoing
full-text review.

We incorporated studies that detailed automated sur-
veillance methodologies for non-ventilated hospital-
acquired pneumonia (nvHAP), as defined by the PRAISE
Roadmap [15]. This encompassed both fully and semi-
automated detection approaches, utilising data sources
from electronic medical records, laboratory data and
administrative claims data. Our review not only included
articles specifically targeting nvHAP surveillance but
also those focused on HAP overall, provided they did not
exclusively concentrate on ventilator-associated pneumo-
nia. We imposed no limitations on patient demographics
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or healthcare settings, embracing both hospital environ-
ments and other care facilities such as nursing homes
or rehabilitation centres. The included articles were cat-
egorised based on whether they solely described the
automated surveillance methodology or also provided
validation of the system. Works limited to abstracts or
posters were excluded from the review.

Two independent reviewers (AW and HS) conducted
title and abstract screening. Any paper selected by
either reviewer advanced to a full-text review stage.
Subsequently, full-text evaluations were independently
carried out by the same two reviewers. Discrepancies
concerning article inclusion were deliberated between
the two reviewers. In cases where consensus could not
be reached, a third reviewer (AS) was consulted for final
adjudication.

Utilising a standardised template, we extracted the fol-
lowing variables: year of publication, country, year and
setting of surveillance, patient population, number of
patients monitored, and the type of pneumonia (either
nvHAP or HAP). We also catalogued the type of sur-
veillance (fully or semi-automated), components incor-
porated into the selection algorithm, and incidence or
incidence rates of nvHAP or HAP as determined by the
automated surveillance. Additionally, the type of publi-
cation—whether it solely described the method or also
included validation—was noted. For studies that vali-
dated their surveillance system, we further documented
the type of reference standard used, and various perfor-
mance metrics, including sensitivity, specificity, positive
predictive value (PPV), negative predictive value (NPV),
and workload reduction.

To evaluate the quality of the study design across all
included papers, we employed the quality assessment
instrument outlined by Streefkerk et al., utilising five of
the six included quality indicators [16]. In the case of
studies that validated automated surveillance methods
against a reference standard, we used a modified version
of the QUADAS-2 tool that was designed for assessing
the quality of diagnostic accuracy studies, applying nine
of its eleven ‘signalling questions’ [18].

Data were synthesised and presented in tables and
within the full text. Given the considerable variability in
automated surveillance methodologies, reference stand-
ards, and patient populations among the studies, we
opted not to conduct a meta-analysis. Ethical approval
was deemed unnecessary for this literature review.

Results

After eliminating duplicates, our database and man-
ual reference searches yielded 380 articles. Following
the screening of titles and abstracts, 328 articles were
excluded, the full-text review of 52 articles left 13 (3.4%
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of the initial total) that satisfied our eligibility criteria and
were included in the final review (Fig. 1). It is noteworthy
that two of these articles described the same automated
surveillance system and patient cohort, but each from a
unique perspective—one from an infection prevention
and control (IPC) [19], and the other from an informa-
tion technology (IT) perspective [20]. These articles are
jointly cited in subsequent sections [19, 20], bringing the
count to 12 unique studies for our review.

Of the studies reviewed, 11 featured fully automated
surveillance systems, while one showcased a semi-auto-
mated approach [21] (Table 1). Geographically, all the
articles originated from high-income countries: eight
from the United States, two from Switzerland, and one
from Australia and France. All articles were published in
2005 or later, with nine (75%) appearing in or after 2018.
Six studies specifically focused on non-ventilator hospi-
tal-acquired pneumonia (nvHAP), while the remaining
six examined hospital-acquired pneumonia (HAP) more
broadly.

Table 2 delineates 24 unique candidate definitions for
surveillance systems, 23 fully and 1 semi-automated,
with each publication contributing between one and
ten definitions. Four articles examined iterations of fully
automated nvHAP surveillance systems that incorporate
impaired oxygenation in various combinations including
chest radiology, fever, leukocyte count, microbiology, and
antibiotic use [22-25]. Chest radiology was included as
an indicator in seven systems, leucocytosis or leukope-
nia in eight, and fever in nine. Two surveillance systems
integrated radiology with fever or leucocytosis resp. leu-
kopenia, aligning with the ECDC or (when coupled with
altered mental status) the CDC’s pneumonia definition
criteria [1, 26]. Microbiology results were incorporated
in nine systems, and antibiotic administration was part
of 14. Three articles focused exclusively on automated
surveillance systems using ICD-10 discharge diagnostic
codes [27-29], while two others combined ICD-10 codes
with additional algorithmic elements [10, 30]. Three stud-
ies explored surveillance systems that employed natural
language processing of radiology reports, clinical notes,
or discharge summaries [10, 19, 20, 31].

Among the 23 surveillance systems described, 14
underwent validation. Three algorithms (No. 1, 8, and
10) were validated against multiple reference standards
[22-25], while one paper validated several algorithms
(No. 18-23) against one single reference standard [29]
(Table 3). Eight studies validated their automated sys-
tems using well-established criteria such as National
Nosocomial Infections Surveillance System (NNIS) [19,
20], National Healthcare Safety Network—Centre for
Disease Control and Prevention (NHSN-CDC) [22, 24,
25, 28], Hospitals in Europe Link for Infection Control
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Fig. 1 Study inclusion flow diagram

through Surveillance/European Centre for Disease Pre-
vention and Control (HELICS/ECDC) [21, 27, 29], or
Veterans Affairs Surgical Quality Improvement Program
(VASQIP) applied by manual chart review by one or two
reviewers [31]. One publication described validation
against discharge diagnostic codes [22], while two stud-
ies utilised diagnoses provided by treating physicians [22,
23]. Additional validations were performed against dis-
charge summaries [22], nvHAP as defined by an expert
reviewer [22, 24], or a composite of the aforementioned
criteria [25].

For fully automated surveillance, the sensitivity of
the algorithms varied between 40 and 99%, specificity
ranged from 58 to 98%, PPV spanned from 8 to 71%,
and NPV extended from 74 to 100%. The only study
describing semi-automated surveillance reported a
sensitivity and NPV of 98% and 99%, respectively [21].
While all fully automated surveillance systems inher-
ently achieve a 100% reduction in workload, the actual
time saving was not reported in any of the studies.

- no full text available (n=5)

- not original article (n=5)

- does not subject nvHAP/HAP
(n=19)

- does not describe
automated surveillance (n=10)

The only semi-automated system documented a 94%
decrease in patients requiring manual screening but did
not report the time reduction either [21].

Table 4 presents the quality scores for the included
papers, which varied from 10 to 23 out of a possible
25 points as per the modified quality assessment tool
by Streefkerk et al. [16]. Suboptimal scoring was com-
mon in separating the test from the validation cohorts
(“Indicator 17), as only one study included a separate
derivation and a validation cohort [31], and in report-
ing the scope of performance characteristics (“Indicator
5”) with five studies scoring 0 because they did not vali-
date the automated system or did not report sensitivity.
The scores achieved in the adapted QUADAS-2 instru-
ment [18], ranged between 7 and 9 out of a maximum
of 9 points. Seven studies scored 0 in either the item
“Did the study avoid inappropriate exclusion?” or “Did
all patients receive a reference standard?” as either the
surveillance or the reference standard was only applied
to a subset of patients.
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Table 2 Algorithm components and incidence rates

N2 ° £ <
= [} e (&) s
3 |z 3 g s |5 25
5 S | o s T s fe2
3 : | 'ArRE § |5 |8 ££3
5 ] c & c <s
o £ o > o) =2 £ - £ = ) Is
c a S _ ] = > H 3 £ = =1 > <
S 2 z | H S| g |a |&® $ 5 |® 2 Y
® a s o 2 = [=) & = ¥ (7] 4 3 52
s 2 = g | = T |8 |g e |52 |2 e | 3|s o E
8 2 c E R (3 |z=|& | | o |2 |% @ |l ® |d| § o 32
® © 2 ] S [A [0) = S 5 © = ol & =| s - c®
S E |E gl |ER|w |8 |2 |E |£ [£ |8 S Ea|8|8 E 33
5 8 2 s |2 %% |S |2 |6 |2 |2 |k |08 Ge|l2|= 8 43
S 5 3 D X3 [§2|= |€ |E |2 |8 [ |o |o€l238|s&8|® s 8w %
a < o < O |u <o |© = < a (4 = =z zElaz(=|> o £097
Stern 2023 Full | nvHAP 1 X | X or X | X2 X3 X4 | X Yes Adult hospitalized patients | 0.5
Ji, 2019 Full nvHAP 2 X All non-ventilated patients 34
aged 18 years or older
Ji, 2019 Full | nvHAP 3 X X3 All non-ventilated patients | 0.9
aged 18 years or older
Ji, 2019 Full | nvHAP 4 X | X or X X3 All non-ventilated patients | 0.7
aged 18 years or older
Ji, 2019 Full | nvHAP 5 X X X3 All non-ventilated patients 0.3
aged 18 years or older
Ji, 2019 Full nvHAP 6 X X X X3 All non-ventilated patients 0.2
aged 18 years or older
Ji, 2019 Full | nvHAP 7 X X X | X2 X3 All non-ventilated patients 0.2
aged 18 years or older
Ji, 2019; Jones, | Full | nvHAP 8 X | X or X | X2 X3 Yes All non-ventilated patients | 0.6 (Ji), 0.6
2023 aged 18 years or older (Jones)
Ji, 2019 Full | nvHAP 9 X X X [ X2 [ X9 [ X3 All non-ventilated patients 0.1
aged 18 years or older
Ji, 2019; Full | nvHAP 10 X | X or X [ X?orX9 [ X3 Yes [ All non-ventilated patients | 0.6 (Ji), 35.0
Ramirez-Battle, (RB) | aged 18 years or older (Ji), | (Ramirez-
2020 or Patients with impaired Battle)
oxygenation (Ramirez
Battle)
Ji, 2019 Full | nvHAP 11 X X X | X2orX® [ X3 All non-ventilated patients 0.2
aged 18 years or older
Valentine, 2022 | Full | HAP 12 X6 Yes (Hemato-)oncologic 3.7
patients
Lacerna, 2020 Full | nvHAP 13 X7 X8 All hospitalized patients 0.6 and 0.2
(before and
after
intervention)
Zilberberg, 2019 | Full | HAP (gram- | 14 X9 [ X100 | X1 X X X Al patients 18 year or older | Not reported
negative)
Wolfensberger, | Semi | nvHAP 15 Xor X [X™ X13) X | Yes All hospitalized patients 0.7 (after
2019 manual step)
Wolfensberger, Full | HAP 16 X14) Yes All patients from 3 surgical | 2.7
2018 and 1 medical department
FitzHenry, 2013 | Full | HAP (post- |17 X 19 X16) Yes Patients with surgical Not reported for
operative procedures patients with
pneumonia) inpatient surg.
procedure
exclusively
Bouzbid, 2011 Full | HAP 18 X' or X® or X19) Yes Patients on ICU >48h, but | 47.7
no Symptoms of NI in first
48h
Bouzbid, 2011 Full | HAP 19 X1 Yes Patients on ICU >48h, but 18.6
no Symptoms of NI in first
48h
Bouzbid, 2011 Full | HAP 20 X 18 Yes Patients on ICU >48h, but | 42.5
no Symptoms of NI in first
48h
Bouzbid, 2011 Full | HAP 21 X 19) Yes Patients on ICU >48h, but 11.9
no Symptoms of NI in first
48h
Bouzbid, 2011 Full | HAP 22 X' or X8 Yes Patients on ICU >48h, but 455
no Symptoms of Nl in first
48h
Bouzbid, 2011 Full | HAP 23 X | X118 Yes Patients on ICU >48h, but 15.6
no Symptoms of NI in first
48h
Haas 2005 / Full [ HAP 24 X 20) Yes NICU patients 3.7
Mendonca 2005

" Worsening oxygenation: defined as at least 2 days of stable or improving oxygenation followed by at least 2 days of (1) decrease in daily minimum oxygen saturation
from at least 95% in a patient on ambient air to less than 95%on ambient air, (2) initiation of supplemental oxygen, or (3) escalation of supplemental oxygen. All
additional criteria were required to be present on the first or second day of worsening oxygenation

2 Chest imaging obtained

3 Three days of new antibiotics (less than 3 days of new antibiotics was allowed if the patient died on the first or second day of antibiotics)
4 Non-intubated patients

%) Respiratory culture obtained

9 |CD-10-Australian Modification

7 Chest radiology including text analysis (a natural language processing searching imaging reports for opacity descriptors consistent with new pneumonia that
persisted for>24 h)
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8 Discharge diagnosis of pneumonia occurring > 48 h after admission

9 Respiratory and/or blood culture specimen positive for at least one gram-negative organism obtained at hospital day 3 or later for HAP

19 Antibiotic treatment on day of respiratory culture and for a subsequent 3 days or more, or until death or discharge

" |CD-9 pneumonia as a secondary (not primary) diagnosis

12) Radiological procedures with reports not containing key phrases ruling out pneumonia, and not performed within 48h after admission (unless re-admission

'3 permanent absence of respiratory device during 48h before radiology

) 1CD-10 U 69.00 proxy code for hospital-acquired pneumonia

'3 positive blood culture from microbiology report

16) General clinical notes or discharge summaries were parsed and mapped to SNOMED-CT concepts (“Lung consolidation” or “pneumonitis”) using a Natural

Language Processing (NLP) program

7 positive blood culture from microbiology report (NLP)

18 (1) antibiotic prescription (ATC: J01) and (2) antibiotic prescription 48 h after ICU admission or time antibiotic prescription changed > 48 h after ICU admission

19) Primary or associated diagnosis of ICU stay coded by anatomical site (ICD 10) as follows: Pneumonia J10-,J11-,J12-, J13-,J14-,J15-,J16-, J17-,J18

20) Chest radiology reports including text analysis with an existing NLP system (MedLEE) and chest radiology not performed within 48h after admission

Discussion

We performed a systematic literature review on auto-
mated surveillance of HAP, with a specific focus on
nvHAP. We found 13 articles representing 12 distinct
studies, with 9 published after 2018, of which 6 focussing
specifically on nvHAP [10, 21-25]. Except for one article,
all described fully automated systems, featuring 24 differ-
ent candidate definitions for surveillance. Validation was
performed for 14 of these systems and relied on a range
of mostly manual reference standards, most frequently
employing definitions from authoritative organisations
like the ECDC and the CDC. The performance of the
fully automated surveillance systems varied, with higher
sensitivity often correlated with lower positive predictive
values (PPV) and vice versa.

Key metrics for evaluating automated surveillance sys-
tems include sensitivity, specificity, PPV, and NPV. The
PRAISE network emphasises the importance of these
metrics and recommends study designs to minimise dif-
ferential and partial bias [15]. In our review, all but one
validation study reported PPV. The majority also reported
sensitivity, specificity, and NPV. The one semi-automated
system we reviewed stood out with a sensitivity of 98%
[21]. According to guidelines by van Mourik et al., semi-
automated systems should ideally achieve a sensitivity
above 90% [15]. In contrast, the fully automated systems
demonstrating high sensitivity, often lagged in PPV and
specificity. Such inconsistencies in wrongly classifying
patients as having nvHAP could undermine trust among
clinicians and administrators. Yet, Stern et al. point out
that manual surveillance is not without its own reliabil-
ity issues, the authors found a simple agreement between
two reviewers assessing patients for CDC-NHSN
pneumonia criteria of 75% and a moderate interrater
agreement (Cohen Kappa: 0.5) [22]. This suggests that
automated systems offer reliability comparable to human

operatives. While the subjectivity, complexity, and ambi-
guity of clinical and surveillance definitions for pneumo-
nia have been extensively debated [22], the gold standard
for diagnosis, namely pathology, is seldom available. Cur-
rently, there are no universally accepted guidelines for
validating automated HAI surveillance systems, leaving
key questions about the minimal number of reviewers
and performance criteria unanswered. Establishing such
guidelines would significantly advance the development
and validation of automated systems for nvHAP and
other HAIs. Streefkerk et al. suggested an overall per-
formance score (i.e. multiplying sensitivity and specific-
ity) of >0.85 as a standard [16]. Notably, none of the fully
automated systems in our review met this criterion.

Most validation studies in this review, except for two
[19, 20, 29], assessed automated systems on preselected
patient groups. Such selection often limits the system’s
applicability to a broader patient base. Furthermore,
many studies had small sample sizes, between 120 and
250 patients, leading to less precise performance metrics.

Broadly, the identified automated surveillance systems
fall into three categories: those utilising clinical data
(some applying NLP methods for data extraction), those
relying on discharge diagnostic codes, and those employ-
ing a combination of both). Systems relying mainly on
pneumonia discharge codes show poor results, with sen-
sitivities between 40 and 60% and even lower PPVs of
18-36% [27-29], raising questions about their inclusion
in algorithms. In terms of components of systems using
clinical data, earlier studies used factors like microbiol-
ogy and antibiotic prescriptions, while recent ones focus
on internationally accepted nvHAP criteria [1, 26], such
as radiology, fever, and abnormal leukocyte counts. Anti-
biotic use is frequently included, given its role in treat-
ing HAP, which are rarely of viral aetiology only [21]. A
group of researchers has significantly shaped this field
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since 2019, developing automated systems based on
CDC definitions for pneumonia and ventilator-associated
events [32, 33]. These systems focus on "worsening oxy-
genation" as a key criterion [22-25], and have been tested
across multiple hospitals in pre-selected patient groups
with deteriorating oxygen levels. Depending on the
manual reference method and the candidate surveillance
definition, sensitivities ranged from 56 to 71% and PPVs
from 35 to 81%. However, the focus on deteriorating oxy-
gen levels is debatable. While such patients may be more
likely to experience adverse outcomes like ICU admis-
sion and death, the extent of nvHAP occurrence among
patients who do not experience oxygenation impairment
is still unknown. Considering antibiotic stewardship, this
latter group could also significantly impact the number of
preventable antibiotic prescriptions.

While currently many existing surveillance systems rely
on structured data formats, established definitions and
clinical diagnoses of pneumonia often include symptoms
or findings typically recorded in unstructured text, such as
clinical notes or discharge summaries, or images. Although
three studies applied natural language processing (NLP)
technology, the potential of artificial intelligence (AI) was
not yet fully exploited in the published studies. The inclu-
sion of Al could address this gap and further limiting
manual work in semi-automated surveillance or increas-
ing the performance of fully automated surveillance. Ini-
tial efforts date back to as early as 2005, spearheaded by
researchers like Mendonca and Haas et al. [19, 20]. These
advancements show great potential for incorporating
often-overlooked symptomatology, such as coughing or
auscultation findings, into future automated surveillance
systems. For example, cutting-edge technologies like GPT-
4, as explored by Perret and Schmid [34], could facilitate
such integration. Furthermore, Al algorithms have already
demonstrated capabilities that equal or surpass radiolo-
gists in identifying singular anomalies in chest X-rays [35].

Our review has limitations. While we aimed to include
all validation studies on automated nvHAP surveillance, we
may have missed some without validation that were part
of intervention studies. The studies we did include showed
considerable heterogeneity in study methodologies, surveil-
lance algorithms, patient cohorts, and quality indicators,
making a meta-analysis to calculate a collective perfor-
mance impractical and prohibited a precise identification
of most promising system elements. The lack of multi-set-
ting validation and the small sample sizes in most studies
affect our conclusions’ robustness [21-23, 27, 28, 31].

Conclusion

Automated surveillance undeniably reduces workload,
allows real-time reporting, and enables rapid interventions.
Progress has been made in recent years to develop and

(2024) 13:30
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validate automated nvHAP surveillance systems. However,
the varied study designs and validation methods reviewed
do not allow us to conclusively determine which features of
nvHAP surveillance algorithms are most effective. From a
standpoint of careful analysis and practical insights, some
general advice can be offered. Firstly, we recommend to
integrate indicators in nvHAP selection algorithms that
are universally present in all nvHAP patients, such as radi-
ology. For indicators with lower sensitivity, such as dis-
charge diagnostic codes or positive microbiology results,
a judicious application is advised. These might still be
used as optional criteria or components of a sophisticated
multivariable regression model. When the sensitivity of
a specific indicator is uncertain, a detailed evaluation in a
larger patient cohort with confirmed (nv)HAP, determined
through manual surveillance, is essential. Incorporating
recognised surveillance elements like fever or abnormal
leucocyte counts can enhance the alignment with manual
methods. Although the end goal is a fully automated HAP
surveillance system, adopting semi-automated systems
in the interim might be a practical approach, at least until
the reliability of fully automated systems is indisputably
established. Currently, the adequacy of fully automated
systems, as indicated by the available performance metrics,
remains a subject for debate. To provide a more conclu-
sive evaluation, future research should employ a rigorous
validation process to avoid bias and include broad patient
populations. The implementation of emerging Al tech-
niques holds the potential to revolutionise surveillance in
the near future, provided challenges such as data privacy
and Al biases can be overcome [36]. The capability of Al
to mine extensive information from unstructured clinical
data, especially concerning symptomatology and radiology,
could significantly enhance the performance of automated
surveillance systems..
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