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Abstract

Background Antimicrobial resistance is a global threat to public health. Chat Generative Pre-trained Transformer
(ChatGPT®) is a language model tool based on artificial intelligence. ChatGPT® could analyze data from antimicrobial
susceptibility tests in real time, especially in places where infectious diseases (ID) specialists are not available. We
aimed to evaluate the agreement between ChatGPT® and ID specialists regarding appropriate antibiotic prescription
in simulated cases.

Methods Using data from microbiological isolates recovered in our center, we fabricated 100 cases of patients with
different infections. Each case included age, infectious syndrome, isolated organism and complete antibiogram.
Considering a precise set of instructions, the cases were introduced into ChatGPT® and presented to five ID specialists.
For each case, we asked, (1) “What is the most appropriate antibiotic that should be prescribed to the patient in the
clinical case?”"and (2) “According to the interpretation of the antibiogram, what is the most probable mechanism

of resistance?”. We then calculated the agreement between ID specialists and ChatGPT®, as well as Cohen's kappa
coefficient.

Results Regarding the recommended antibiotic prescription, agreement between ID specialists and ChatGPT®
was observed in 51/100 cases. The calculated kappa coefficient was 0.48. Agreement on antimicrobial resistance
mechanisms was observed in 42/100 cases. The calculated kappa coefficient was 0.39. In a subanalysis according to
infectious syndromes and microorganisms, Agreement (range 25 — 80%) and kappa coefficients (range 0.21-0.79)
varied.

Conclusion We found poor agreement between ID specialists and ChatGPT® regarding the recommended antibiotic
management in simulated clinical cases.
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Key points

Al'in ID remains under investigation. We evaluated the agreement between ChatGPT® and ID specialists regarding
antimicrobial prescriptions. Agreement between ID specialists and ChatGPT® was observed in 51% of the cases. Al

must not substitute ID consults.
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Introduction

Antimicrobial resistance (AMR) is a survival mechanism
in bacteria that can be expressed through selective pres-
sure [1] due to excessive and inappropriate use of anti-
biotics resulting in the emergence of multidrug-resistant
(MDR) pathogens [2]. The World Health Organization
(WHO) has declared AMR as one of the top 10 major
public health concerns and a major threat to human
health [3]. In 2019, it was estimated that 4.95 million
deaths were associated with AMR, being Escherichia coli,
Staphylococcus aureus, Klebsiella pneumoniae, Strepto-
coccus pneumoniae, Acinetobacter baumannii, and Pseu-
domonas aeruginosa, as well as lower respiratory tract,
bloodstream, and intra-abdominal infections the most
lethal organisms and infectious syndromes, respectively
[4]. Appropriate use of antimicrobials is key for combat-
ing AMR [5].

Artificial intelligence (AI) involves the development
of computer systems capable of performing tasks that
would otherwise require human intelligence [6]. The
application of Al in medicine is a rapidly evolving field.
It is being increasingly used in many specialties, includ-
ing infectious diseases (ID) [7-9]. Chat Generative Pre-
trained Transformer (ChatGPT®) is an Al chatbot (i.e., an
extended language model intended to simulate conversa-
tions with humans) relying on deep learning techniques
to generate coherent responses resembling human con-
versations [10, 11]. The potential use of ChatGPT® in ID
has been scarcely reported [10]. Although AI has been
used in recent years to face AMR [12] and even pandem-
ics (COVID-19) [13], its usefulness remains to be studied,
particularly in developing countries.

ID specialists play a major role in various aspects of
patient care and public health. Because ID specialists
may not be widely available in all settings, tools to ensure
appropriate antibiotic use are necessary. ChatGPT* capa-
bilities in natural language processing, information syn-
thesis, and resistance pattern recognition could result
in a useful tool for analyzing antimicrobial susceptibil-
ity patterns and providing management suggestions. In
this study, we aimed to evaluate the agreement between
ChatGPT® and ID specialists regarding the appropri-
ate antibiotic prescription for simulated cases using data
from clinical isolates and their antibiograms.

Methods

We conducted a cross-sectional study using data from
consecutive bacterial isolates obtained between January 1
2022, and June 30 2023, at our center’s clinical microbiol-
ogy laboratory. A total of 100 organisms (10 carbapenem-
resistant K. pneumoniae, 10 carbapenem-resistant E. coli,
20 carbapenem-resistant P aeruginosa, 10 carbapenem-
resistant A. baumanii, 10 methicillin-resistant S. aureus,
10 vancomycin-resistant Enterococcus faecium, 10 Klebsi-
ella aerogenes, 10 Citrobacter freundii, and 10 Enterobac-
ter cloacae isolates) with their respective antimicrobial
susceptibility tests results were used to fabricate clinical
scenarios. Isolate identification and antimicrobial suscep-
tibilities were obtained using the VITEK-2 system (Bio-
mérieux®, Marcy-LEtoile, FR). The simulated cases were
constructed by 3 study investigators (S. M-R, K.M. T-T.
and B.A. M-G.) and included age, infectious syndrome
(e.g., bloodstream infection, pneumonia, intraabdomi-
nal infection, and pyelonephritis), the isolated organ-
ism and its complete antibiogram. Along with a precise
set of instructions (Fig. 1), the cases were entered into
ChatGPT® (GPT-4.0 series model) and presented to five
board-certified ID specialists. For each case, we asked,
(1) “What is the most appropriate antibiotic that should
be prescribed to the patient in the clinical case?” and (2)
“According to the interpretation of the antibiogram, what
is the most probable mechanism of resistance?” ID spe-
cialists were required to submit their answers within five
days and could use whatever resources they deemed nec-
essary to provide their answers, as they could do when
caring for any given patient.

No patient identifying data was used. A signed
informed consent form was obtained from the participat-
ing ID specialists. Our study was approved by the Institu-
tional Review Board (reference INF-4700-23-23-1), was
conducted in accordance with the principles of the Dec-
laration of Helsinki and complied with the Good Clinical
Practice Guidelines.

Statistical analysis

Considering a power of 80%, a minimum acceptable
Cohen’s kappa coefficient (k) of 0.6, and an expected
kappa of 0.85, a minimum sample size of 90 simu-
lated cases was estimated. The total sample was at 100
cases (complete cases can be found in the Supplemen-
tary appendix). Ten clinical per microorganism were
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This is a case of a 62-year-old patient with pneumonia caused by Klebsiella pneumoniae. In
vitro, the isolate is resistant to the antibiotics Ciprofloxacin, Nitrofurantoin,
Trimethoprim-sulfamethoxazole, Ampicillin, Cephalothin, Cefuroxime, Cefotaxime,
Ceftazidime, Ceftriaxone, Cefepime, Ertapenem, Meropenem and Ampicillin-sulbactam. In
vitro, the isolate is susceptible to the antibiotics Amikacin and Gentamicin.

Question 1:

According to your interpretation of the antibiogram, what is the most appropriate antibiotic
that should be prescribed to the patient in the clinical case?

To answer, consider the following:

Not all existing antibiotics that may be used for infections due to multidrug resistant
organisms were tested. You may select an antibiotic that was not tested.
Please select only one antibiotic. If you believe combination therapy is warranted, state the

combination that you consider best.

Only state the antibiotic, do not justify your decision.

Question 2:

According to your interpretation of the antibiogram, what is the most probable enzymatic

mechanism of resistance to meropenem?

To answer, consider the following:

Select only one mechanism, do not justify your decision.

Fig. 1 Instructions set example

Table 1 Level of agreement in different scenarios

Level of agreement Answer from ChatGPT®

Answer from ID specialist

Complete agreement Recommend antibiotic A
Complete agreement
Partial agreement
Partial agreement
Complete agreement
Complete agreement
Partial agreement

Partial agreement

Recommend antibiotics A and B
Recommend antibiotics A and B
Recommend antibiotics A and B
Existence of AMR mechanism A
Existence of AMR mechanisms A and B
Existence of AMR mechanism A
Existence of AMR mechanisms A and B

Recommend antibiotic A

Recommend antibiotics A and B
Recommend antibiotic A

Recommend antibiotics A and C
Existence of AMR mechanism A
Existence of AMR mechanisms A and B
Existence of AMR mechanisms A and B
Existence of AMR mechanisms A and C

AMR antimicrobial resistance, /D infectious diseases

fabricated (except for carbapenem-resistant P aerugi-
nosa, for which 20 cases were built). Twenty cases were
randomly assigned to each ID specialist. Complete agree-
ment was considered when the answers between ID
specialists and ChatGPT® were identical. As an explor-
atory analysis, partial agreement was calculated. Partial
agreement was considered when two or more answers
were given, and any level of agreement, according to the
authors, was observed. Scenarios for complete and par-
tial agreement are described in Table 1.

For the calculation of k, a random agreement probabil-
ity of 5% was assumed. The interpretation of the kappa
coefficient was as follows: <0: No agreement, 0.00-0.20:
Slight agreement, 0.21-0.40: Fair agreement, 0.41-0.60:
Moderate agreement, 0.61-0.80: Substantial agreement,
0.81-0.99: Near perfect agreement, 1: Perfect agreement.
An independent researcher, blinded to the source of the
answers, performed the analysis.



Recommended antibiotic in cases of infection by GPC
Antimicrobial resistance mechanism in cases of infection by GPC
Recommended antibiotic in cases of infection by GNB

14/20 cases (70

0.68 (substantial)
0.68 (substantial)

©4)
(36)
14/20 cases (70)
(70)
(46)

37/80 cases (46 0.43 (moderate)
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Table 2 Results. Complete agreement
Agreement (%) K

Recommended antibiotic 51/100 cases (51) 0.48 (moderate)
Antimicrobial resistance mechanism 42/100 cases (42) 0.39 (fair)
Recommended antibiotic in cases of BSI 18/34 cases (53) 0.51 (moderate)
Antimicrobial resistance mechanism in cases of BSI 18/34 cases (53) 0.51 (moderate)
Recommended antibiotic in cases of pneumonia 8/20 cases (40) 0.37 (fair)
Antimicrobial resistance mechanism in cases of pneumonia 8/20 cases (40) 0.37 (fair)
Recommended antibiotic in cases of pyelonephritis 7/18 cases (39) 0.36 (fair)
Antimicrobial resistance mechanism in cases of pyelonephritis 6/18 cases (33) 0.29 (fair)
Recommended antibiotic in cases of IAl 18/28 cases (64, 0.62 (substantial)
Antimicrobial resistance mechanism in cases of 1Al 10/28 cases (36 0.33 (fair)

(

(

(

(

Antimicrobial resistance mechanism in cases of infection by GNB

28/80 cases (35) 0.32 (fair)

BSI bloodstream infection, GNB Gram-negative bacilli, GPC Gram-positive cocci, /Al intraabdominal infection, k kappa coefficient

Results

As for the recommended antibiotic, there was agreement
between ID specialists and ChatGPT® in 51/100 cases
(51%), with a k of 0.48. Agreement on the mechanism of
antimicrobial resistance was observed in 42 cases (42%)
with a calculated k of 0.39. Regarding the recommended
antibiotic in the cases of bloodstream infection, agree-
ment was observed in 18/34 cases (53%, k 0.51). As for the
recommended antimicrobial for pneumonia, agreement
was observed in 8/20 cases (40%, k 0.37). Agreement in
the recommended antibiotic was observed in 7/18 (39%,
K 0.36) and in 18/28 (64%, k 0.62) cases of pyelonephritis
and intraabdominal infection, respectively. Regarding the
recommended antibiotic for infections caused by Gram-
positive cocci, agreement was observed in 14/20 cases
(70%, K 0.68). There was agreement in 37/80 (46%, k 0.43)
cases of infections due to Gram-negative bacilli. Table 2
summarizes these results.

In the exploratory analysis, partial agreement regard-
ing the recommended antibiotic and mechanism of resis-
tance was observed in 68/100 (68%, k 0.66) and 46/100
(46%, K 0.43) cases, respectively (Table S1).

Discussion

We aimed to evaluate the agreement between ID spe-
cialists and ChatGPT* V4.0 regarding the recommended
antibiotic prescription in simulated clinical cases. Agree-
ment was infrequent, and moderate, as assessed by the
Kappa coefficient. These results might be due to the plat-
form’s lack of contextual awareness, where the diagnostic
and therapeutic focus should consider local epidemiol-
ogy, AMR patterns and the availability of antimicrobial
susceptibility testing, among other factors. In the explor-
atory subgroup analysis, intriguing results were observed.
For bacteremia and infections due to Gram-positive
cocci, partial agreement on recommended antibiotic

was substantial and near perfect, respectively. These per-
plexing results could be explained by differences in the
quantity of internet available information (e.g. in June
3rd, 2024, a PubMed" search for the MeSH terms “Gram-
Positive bacteria” and “Gram-Negative bacteria” returned
561,445 and 888,627 results, respectively. For the MeSH
terms “Bacteremia” and “Pneumonia, the search returned
33,615 and 36,7499 results, respectively). Importantly,
these results must be cautiously interpreted as our defini-
tions for partial agreement do not necessarily reflect the
best clinical practice.

Our study statistically evaluates the agreement
between ChatGPT* and ID specialists. A previous study
evaluated the performance of ChatGPT® Version 3.5 in
40 medical offices in the Netherlands. The diagnostic
and therapeutic advice recommended by ChatGPT® was
compared to that given by an ID and clinical microbiol-
ogy specialists. Results were classified on a scale from 1
(bad, incorrect advice) to 5 (excellent, corresponding to
the advice given by infectious disease and clinical micro-
biology specialists). The advice given by ChatGPT® was
of moderate quality with a median score of 2,8 [10]. It
is known that these AI language models work through
automatic learning algorithms trained to recognize and
predict linguistic patterns by extracting information from
websites, social media forums, open-access books, and
articles, among others, which may not always include the
most recent or accurate information. Of note, the repeat-
ing of patterns and questions could further affect the Al’s
response to similar problems. Additional issues with Al
platforms with respect to ID (as well as with many other
specialties) is that knowledge is constantly being devel-
oped and updated. Moreover, a recent article highlighted
the complexity of the ID clinical field when compared
to other medical specialties by using a range of met-
rics such as UpToDate® articles by specialty, number of
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recent evidence-based recommendations, and new FDA-
approved molecules from 1985 to 2022 [14]. Regardless,
large language models are evolving to render positive
results with a quick and continuous improvement in the
quality of answers. Recent research evaluated the clini-
cal use of Med-PaLM (Medicine-Pathways Language
Model)’, a large language model created by Google to
answer medical questions. The authors reported that
the AI model did not reach enough depth and quality as
the physicians who were asked the same questions [15].
Importantly, further research did report a superior per-
formance of version 2 of Med-PaLM 2 when answering
United States Medical Licensing Examination questions
[16].

Our study presents limitations that must be acknowl-
edged. It was a cross-sectional study that did not evalu-
ate the evolving nature of Al models. Additionally, the
questions used in the cases, asked for the ideal antibi-
otic and not the best available drug. Regardless, local
drug availability may have influenced the clinicians’
answers. In our region, antibiotics recommended for
the treatment of infections due to carbapenem resistant
Enterobacteriaceae, such as aztreonam, imipenem-cilas-
tatin-relebactam, meropenem-vaborbactam, cefiderocol
and eravacycline are not commercially available. Addi-
tionally, given the limited availability of new antibiotics,
AI could recommend unavailable drugs if no specific
regional context is provided. We did not include com-
plete contextual epidemiological and drug-availability
information in the questions because we believe that not
all non-ID clinicians may be aware of this data. Although
interesting and approachable, we believe that includ-
ing these contextual data sets in the questions could not
fully replicate real-life use of Chat-GPT* and could guide
the Al model into rendering different answers, modify-
ing the end-results, and giving a false security regarding
the clinical accuracy of Chat-GPT* in difficult medical
scenarios. Because of adaptability, consistency of Chat-
GPT*s answers could vary across time. Although the
consistency of the answers must be considered when
studying AI models, determining the consistency of the
answers across time was not included in the objectives of
our study. The latter was considered because we aimed
to simulate real-life clinical scenarios, in which the same
questions are not commonly asked more than once, as
clinical decisions must be undertaken in a timely man-
ner. We considered that asking the same questions across
time would not fully replicate real-life use of Chat-GPT".
In our study, we did not compare the answers to the rec-
ommendations provided in clinical guidelines because
international guidelines recommend antibiotics that are
not available in our region, which could mean that, when
comparing Chat-GPT* to guidelines, the results could not
be applicable in specific regional contexts. In addition to
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guidelines, ID specialists guide their evidence-based rec-
ommendations in regional, epidemiological, and specific
clinical (e.g., chronic comorbidities, drug-drug interac-
tions, etc.) scenarios. In our study we instructed the ID
specialist and Chat-GPT" to not jusify their answer. The
lack of justification was instructed to render concrete and
specific answers by both Chat-GPT*® and ID specialists.
Strengths of our study include the blinded nature of the
analysis and the fact the cases were built using real world
data. The comprehensive set of instructions may further
facilitate our study’s reproducibility.

In the hands of inexperienced physicians, ChatGPT®
might provide inaccurate information that could nega-
tively impact patients’ health. While Al has long been
under development, our results, in accordance with pre-
viously published studies and current expert opinions,
suggest that AI must not replace clinical specialists [17],
but rather function as an aid in patient care. Moreover,
there is solid evidence that ID consultations improve
mortality rates and are associated with better outcomes
in patients with different infectious syndromes [18-20].

Our research also suggests that, given the lack of con-
sistency, clinical specialists must supervise the use of Al
platforms. Additionally, when using large language mod-
els, human guided Al education should be sought. The
current and future use of Al in the field of medicine and
ID is undeniable; hence we must be familiar with AT plat-
forms and find the best way to make the most of them.
Further educational programs for AI human use in clini-
cal medicine are needed. Likewise, it is necessary to fore-
see and recognize the ethical conflicts that could arise.

Conclusion

We found a moderate agreement between ID specialists
and ChatGPT® regarding the recommended antibiotic
management in simulated clinical cases. Our results do
not support the use of ChatGPT* for ID-related decision-
making. However, improvements in Al are expected;
therefore, further and continuous research must be
undertaken.
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