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BUKTI KORESPONDENSI

Your manuscript is submitted (ID 1862829)  Frontiers

Frontiers In Digital Health
To: me - Wed, Apr 22 at 10116 PM v

Dear Dr Natadidjaja

Thanks for submitting your ipt "The Appropri; of Initial Empirical Antibiotic Consumption Guided by Digital Antimicrobi ip Tool: A Correlation with the Usage of Antibiotics
from the Access and Watch Groups in Ten Indonesian Hespitals” to Frontiers in Digital Health, section Health Communications and Behavior Change

You can track the progress of your manuscript on our review forum, using this link. http:/ireview. frontiersin.orgireview/1862829/0/0

Your manuscript is now in the initial validation stage, going through routine quality checks, and, if it meets essential research integrity and editorial criteria, it will then be sent out for peer review.
Once the interactive review forum is activated, you will be notified and will be able to read the review reports and submit your revisions.

If you have any questions, you can contact the editorial office directly by replying to this message

Best regards,

With best regards.

Frontiers In Digital Health

Editorial Office, Frontiers in Digital Health

hitps:/wvew frontiersin.org/

—-MANUSCRIPT DETAILS —————

Manuscript title: The Appropriateness of Initial Intravenous Empirical Antibiotic Consumption Guided by Digital Antimicrobial Stewardship Tool: A Correlation with the Usage of Antibiotics from the Access and
Watch Groups in Ten Indonesian Hospitals

Progress: Editorial assignment stage o Fronters

Frontiersin Noreply
Tor me - Thu, Apr 23 at 528 PM ~

Dear Dr Natadidjaja

“Your manuseript has passed the inifial validation stage with our research integrity team.

Did you know that our arificial inteligence review assistant (AIRA) conducts 40 manuscript checks before the review process and a further 14 during the review? Leam more about our unique approach to safeguarding quality and research intey

What happens next?

“Your manuscript is now in editorial assignment. This is where we will find  group of exparts to edit and review your manuscript. This time can vary according to the svsilability of researchers.

As always, we will kesp you updated on any progress.

Regards,

Best regard:

s,

“Your Frontiers in Digita! Health Team,

Frontiers | Editorial Office - Collabarative Pesr Review Team

waw frontie

rsin.org

Avenue du Tribunal Fedéral 24
1005 Lsusanne Switzerland

Fortechnical issues plesse contact our IT Helpdesk (support@frontiersin.org) or visit our Frontiers Help Center (helpoenter frontiersin org)

This s an auto

“fau can't reply o this =0 if you need help,

Manuscriat tike: The Apprapristeness of IniSia Iniravenaus Empirical Anlitiotic Consumption Gui

Manuscript ID:

Subimitied on

e message just to keep you informed.

bal.

o us is o sign inta the review farum and use aur o

by Digital Aniimicrobiai Stewardehip Tool: A Cametation with the Uzags af Aniibiotics from the Acoess and Watch Groups in Ten Indonesian Haspitals

1862829

, Hadianti Adtani, Aziza Ariyani, Sri Mubyari, Sii Rahrm 2 ard Jihan Samica

ta, Yerny Yenny, Meutia Atk

sviar Change

22 Apr 2026

If you encounter any teshnical issue, contact support@frontiersin.org. with USFHzPWIIEbZEIV as reference.




Your manuscript has been added to a Research Topic = Frontiers
Frontiers In Digital Health
To: me - Tue, May 5 at 234 PM ~

Hello Dr. Natadidjaja,

I'm happy to let you know that your manuscript has been added to the Research Topic Artificial Intelligence and Digital Health Innovations for Communicable
Disease Surveillance, Prevention and Control, hosted by Dr. Di Pumpo et al.

Please note that your manuscript remains submitted in Health Communications and Behavior Change in Frontiers in Digital Healtf.

As soon as a minimum of two independent review reports are submitted, the handling editor will assess them and will consider the next steps in the peer
review process.

Thank you for your consideration. And of course, If you have any questions let me know and I'll be happy to help.
Need an answer quickly? Our Al Assistant, Fronfon, is ready fo help you in the Review Forum. Fronton can help answer most questions, including status

updates and technical questions, as well as advise you on the next steps of the peer review process. Log in to the Review Forum fo chat with Fronfon today:
Review Forum

Frontiersin Noreply
To: me - Wed, May 13 at 136 AM

Dear Dr Natadidjaja,

Just to let you know, your manuscript "The Appropriateness of Initial Intravenous Empirical Antibiotic Consumption Guided by Digital Antimicrobial Stewardship Tool: A
Correlation with the Usage of Antibiotics from the Access and Watch Groups in Ten Indonesian Hospitals" has now moved on to the independent review stage of the process.

There's nothing you need to do right now. We'll be back in touch when there's another update on your manuscript

Thanks.

This is an automated message, just to keep you informed. So you can't reply to this, but we are here if you need us. Just email the journal or section that contacted you, and
they will be happy to help.

If you encounter any technical issue, contact support@frontiersin.org, with IGTGQSASABNCjZk as reference

Independent review report submitted (ID 1862829) w Fronters

Frontiers In Digital Health
To: me - Thu, May 14 at 814 PM

Dear Dr Natadidjaja,
A new report has been submitted by Reviewer 1.

As soon as all reviewers have submitted their comments, you will be able to
access the reports in the Review Forum, enabling you to start your
revisions.

If you have any questions, the quickest way to contact us is through the
chatbot in the Review Forum.

You can track the progress of your manuscript using the button below:



Frontiers In Digital Health
To: me - Tue, May 26 at 6:34 PM v

Anew report has been submitted by Reviewer 2

As soon as the reviewers have submitted their comments, you will be able to access the reports in the review forum and start your revisions
If you have any questions, you can contact the editorial office directly by replying to this message.

You can track the progress of your manuscript using this link: http://review.frontiersin.org/review/1862829/0/0

Best regards,

Best regards,
Your Frontiers in Digital Health Team,

Frontiers | Editorial Office - Collaborative Peer Review Team
www frontiersin org

Avenue du Tribunal Fédéral 34

1005 Lausanne Switzerland

For technical issues please contact our IT Helpdesk (support@frontiersin org) or visit our Frontiers Help Center (helpcenter frontiersin org)

Your manuscript’s review is now active (ID 1862829) & Frontiers

&

Frontiers In Digital Health
To: me - Fri, May 29 at 634 PM v

Dear Dr Natadidjaja,

The interactive review of your manuscript "The Appropriateness of Initial Intravenous Empirical Antibiotic Consumption Guided by Digital Antimicrobial Stewardship Tool: A Correlation with the Usage of Antibiotics
from the Access and Watch Groups in Ten Indonesian Hospitals”, submitted to Frontiers in Digital Health, section Health Communications and Behavier Change, has now been activated.

To keep your manuscript moving through the process, please respond by 12 Jun 2026 to all comments raised by the reviewers and editor in the review forum

If a reviewer has finalized the review and the discussion on the Reviewer tab is closed, you should submit a reply to pending comments in a new thread in the Editor tab. If necessary, you can also submit a
revised version of your manuscript (using tracked changes to highlight the revisions).

To access the review forum and respond to the reviewers, just use this link: http://review frontiersin_org/review/1862829/0/0
If you have any questions, yeu can centact the editorial office directly by replying to this message.
Best regards

Best regards,
Your Frontiers in Digital Health Team

Frontiers | Editorial Office - Collaborative Peer Review Team
www.frontiersin.org

Avenue du Tribunal Fédéral 34

1005 Lausanne Switzerland

For technical issues please contact our IT Helpdesk (support@frontiersin.org) or visit our Frontiers Help Center (helpcenter frontiersin.org)



New Comments in the Interactive Review Forum - 1862829 & Frontiers

Frontiers In Digital Health

To: me - Tue, Jun 9 at 10:28 PM v

Dear Dr Natadidjaja,

New comments were posted by the reviewer 1

Please visit the interactive review forum using the link below and address these comments within the coming week

https://review frontiersin org/review/bootstrap/dfodc006-3d3b-49e6-850e-4bd 1481cdad 1

You should am to respond as soon as possible, directly via the online review forum, to all comments in the review reports and editor tab. If appropriate, you
can also submit a revised version of your manuscript. We appreciate your timely response

Remember that there can be more than one iteration between authors and reviewers, and only when all comments by the reviewers are addressed
successfully can the review be finalized.

We wish you a successful interactive review, and remain at your disposal for any questions.

Best regards,
Your Frontiers in Digital Health Team,

Frontiers | Editorial Office - Collaborative Peer Review Team
www.frontiersin.org

Your manuscript has moved to final review = Frontiers
Frontiersin Noreply
To: me - Thu, Jun11at 2:54 PM v

Dear Dr Natadidjaja,

Your manuscript "The Appropriateness of Initial Intravenous Empirical Antibiotic Consumption Guided by Digital Antimicrobial Stewardship Tool: A Correlation with the Usage of
Antibiotics from the Access and Watch Groups in Ten Indonesian Hospitals” has moved to the 'review finalised’ stage.

Next, the associate editor will assess all the review reports, along with the most recent version of your submitted manuscript. If they have questions or comments, they will
contact you directly on the Review Forum. Or if they are satisfied, they will provisionally accept your manuscript for publication.

You don't need to do anything at the moment. We'll be in touch again when the associate editor has finished.

Thanks.

This is an automated message, just to keep you informed. So you can't reply to this, but we are here if you need us. Just email the journal or section that contacted you, and
they will be happy to help.

Please submit your revised manuscript (ID 1862829) o Frontiers

Frontiers In Digital Health

To: me-Thu, Jun1lat 345 PM v

Dear Dr Natadidjaja,

Comments regarding your manuscript "The Appropriateness of Initial Intravenous Empirical Antibiotic Consumption Guided by Digital Antimicrobial
Stewardship Tool: A Correlation with the Usage of Antibiotics from the Access and Watch Groups in Ten Indonesian Hospitals" are awaiting your attention on
the review forum. Kindly respond using the Editor's tab and submit the revised manuscript by 15 Jun 2026.

This link will take you to the review forum: hitp://review frontiersin org/review/1862829/0/0

It's best to use tracked changes, as this helps to keep the review process running smoothly.

The review process is aimost complete, so we're looking forward to receiving your response. However, if you need more time, just click on "Request
Extension” on the review forum.

If you have any questions, you can contact the editorial office directly by replying to this message
Best regards,

Best regards,



Fantastic news: your article has been accepted o frontiers

FrontiersIn Digital Health
To: me - Wed, Jun 24 at 252 AM v

Dear Dr Natadidjaja
Your arficte has been accepted for publication.
After a rigorous review, your work has been recognized for its quality and contribution to Digital Health

What happens next?

Your arficie will now enter the production phase, where our tesm will assist with typesetting and copyediting. This typically tkes sround 3-4 weeks. You'll receive updates from us, including billing or i funging (i
If you have any unresolved queries, please use the chatbot to let us knew before your manuscript's publication.
Please fil in this short survey to share your thoughis on your peer review experience. Your feedback helps us improve the process for ather authors ke you.

What could apen science unlock for humanity?
While you're here, watch this video from our CEO and co-founder, Kamila Markzam, refiecting on how the global transition to open science is acoslersting scientific solutions for healthy lives on  healihy planet.

Thanks for choosing Frontiers. We hope to see you agsin soon.
Regards,

Sest regards,
our Frontiers in Digital Health Team,

Frontiers | Editorial Office - Collaborative Peer Review Team
www frontiersin.org

Avenue du Tribunal Fédéral 34

1005 Lausanne Switzerland

For technical issues plesse contact our IT Helpdesk {support@irontiersin.org) or visit our Frontiers Help Canter (helpcenter frontiersin arg)

Thi
‘Yo cant reply 1o this 50 f you need help, Bie quickest way o bl t0 us is 15 =g nto the review farum and use oo chatbal.

is an auiomated meszage just ks keep you informed.

Manuseri tite: of Empirical Anibisic Ce by D Stewardship Tosl: A Carrelalion with Ihe Usage af Anlibialics from the Acoess and Watch Groups in Ten Indonesian Hospisls
Manuscriot D: 1862629

‘Subimitied By: Ronakd Iwznia Matedidioia

Authars: Roneld Irwanto Natadidjeje, Widyewali Lekok, Trivoko Sepso Maje, Hedianti Adani, Aziza Ariyeni, S Mulys:
sians an Behvior Change
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RESPONSE TO REVIEWER’S COMMENT

REVIEWER #1

L U —

susMIT

Q

H Editor Reviewer 1 AIRA Quatity

dsiva Fialsed

Reviewer 1
Independent review report submitted: 14 Nay 2026
Intecactive review activated: 29 May 2006

Review finalized: 11 Jun 2026

Initial pecomanendation Lo se Editor: Major revision s required

| v EVALUATION

e e
o st et e
If you have Mu:m\ mm-mhba-ﬂ on (42 and 03 wun-mﬂll them as well.

Merpretatior

8 Reviewor 11 14 by 2026 | 13:14 s
Dear Authors,
Thank you for ta review 3o entitod” ofrtal

sotibloic Comummpton Guided by Dighat Aetimbrdblal tewaslp ok A Corretation with the Usags f Antbkicsfrom
the Azcess and Watch Groups in Ton Indanesian Hospitals.”

“This manuseript addresses an impartant and Hmely fsue: the use of a digital antimicrabial stewardship toal to guide
empirical intravenous antibiotic prescribing and its aswociation with antibiotic cansumtin patters. The muticenter
mature f the study, the facus on WHD AiaRe categorier, and the use of DD 5 an antiblotic utilization indicater are
valuable. The togic has patential navelty, particularly in the Indenesian hospital setting, whore evidence an digital
antimicrabial stewardshin implementatian romaie limited. However, several major methodological and reporting fsaues:
e to b akdressed bafors the canclusions ean be fully sipported.

Majar comenents
1. The: study dasign should be cioarly defined.
Thie manuserips should explicitly wrate that this s 3 retraspective, multicenter; esalogical/correlation study using

loved data. At present, iy clear, and the manuscript sometimes:
i the impressien that patient kevel effectiveniss s being amessad. Since the maln corelatons appasr <o be based on
manthiy aggregate data, the conclusions shouid be framed at the aggregae level and rot 3 evidence of indivicual
patient-lovel prescribing effoctiveness.
2. The chgective and nyperhests should b stated mose cloary.
The Intrduction preovdes useful background on antimicrobisl stewasdship, AWsRe clasification, and the o RASPRO tool,
but the specific abjective k not sufficiently concise. The authors should clearly state whether the primary objective- vas
10 examine the amelation betunen SpDAPASEres of it empircal I¥ sAtiblotic prescribing and the manthly DOD of
Acess and Watch antibiotics. A v adkded, for axample: highor appeor ompirical
P be associated e s e,
3 ncluson snd excluon cltert are safficenth described

@ w0 soumws mesemsciToRcs  Ammaies Q

LA

Tie Methons should clasrly define the eligible population and prescriptons. Fiesse specify whether adults snd chisdren

ere both inlued, whether CU pos included, inpatie 3
s s 24 prescriptiors, : 1 and dusli wars

Hanleg. It should sl be made clear vhether oral antiiotics, raatytacts aniiatce, defnive therapy, ad et

and hawr

4. The DDD methodalagy nesds adbsantial clarification.

The manmuscript reports “mean D0D," but it s not clear mug. i repreents otsl D00, D00/ 100 paten: <y, D00/ 100
bed-days, DOD/1
the exact formuila, denaminatar, deta source mmmmmuu version used, Without this infarmation, the 000 results
cancot be interpreted or compared relisbly.

5. There is 2 mimmatch between the expsune and sutcome varisbles.

The variable it empirical IV jor infections, while the DOD outcome

definitive theragy, courses, the chaersed comrelations may rot
specfically eflac theffect of niil smpiical prsscriing. The authars should clary tis nd, i possible, conduct
shase.

limited t
6. The unit of an

s and sample size should be reported mone transparently.

Mithough the manuscriot reparts 20,307 prescriptions, the cornelation anslyses sppear o be based an 12 monthly
‘abservations. This distinction i ertical. The authors should elearly stats the number of observations used in each

comelation srabysis, especially in tables where seme months have missing poreoristeress aluss.

7. The statistical may

The suthars should specify whether Pearson or Spearman comelation was wsed and whether amumpticns were checked

{wencs e, Sincs baoth

v time, the chserved rather than [ e

series methods, mixed efiects madels, seqmented regression, s e usi

8. Hudtiple testing should be addressed.

Tables -5 include. antibiotic classes, o cormection for
il comparons i reported. Several pralues s closeto .05 nd o e seaisicallysiificent s
adjustment

3. Potenit confoumdin factrsa . controled

The Discazsion feunders, such sx patient ved

tool uptake, physician compliance, and infections outside the four major categories n.m factors are ot nclded inthe
araiysi st for passible

10, The Resudts section sheuld svoid coussl interpretatian,
The stusdy demanstrates correlation, oot causation. Statements suggesting that the digital ASP tool “sffected,”
“influsrced, o caused” changes in DOD should be revized. The muthars should use mare coutious langusge much os vz
mznciated with or “cormelstad with.”

" with recent and

Eut it sheuld mare. present.
and i i i 1l

ecommene dding the following thres references

MY FRONTIERS

v rrowmers [

b R el - Y

analysis. The authors should sdiust for key confounders where possible or substantislly soften the interprstation.

10, The Results section shoud avoid causal interpretation,

The study demonstrates correlation, not causation. Statements sugg e digitsl ASP tool “sffected,

1000 shuld be revised. The authors should use murs Cantious Langusgs such s “nas

¢ that

11, The Discansion shoukd be strengthened with recent and directly relevant lterature,
Thee Discussion includes some recent references, but it should maee clearly compare the present findings with recent

Studies on Aafie-based antibiotic monitoring, DO metlxodoiogy, and electronic prescribing CDSS intervention
Tecamenen dding the folloing tree refeencess
s . Etatoana My <1 ol Antibiotic ents: A focus on

¢ daily doses and the Ml lassification system. American Journal of Infection Control. 2024;52:1359-1365, DOI:

This article is directly retevant because it used 0D and the WHO AWafie classification to evalusle atibiotic prescribing, It
reported that mare U biotics, with azitheomycia being the most

e guidelines,

. This referene would srenethen the Intraducion, Methocs, e Bisussiun by providing a recent. reeion
examoie of DO/ aRe-based antibiotic-use monitorine.

+ Amsinzad L, Meheizi R, iirian S, et al, Association Between Real-Tine Alerts in Electronic Preseribing Systems and
Potentially Inapprogpriate Prescribing Amarg Otder Adults. Journal of Lhe American Gerlatics Seciety: 2026, DO
101111/ s, 70379,

T il st the e bl ad OS5 spact of the aniscrp. L eabted s,
1 foumd veductions It

This s belo - intsrvention & more
balanced discussion of clinician sulonany, slert fatigus, snd sustainability.

+ Aarabi S5, Semnand F, Aminzade 1, et al. Prevalence, predictors, and clinical relevance of drug drug
cutpatient prescribing: A national cross-sectional study. PLoS One. 2006;214):e034507%. DO
01371 jurral. pane. 0345076,

This article is useful for placing e RASPRO within the brader medication-safety roke of e-greseribing and CESS platforms.
I resorted  substantial burden of polential drue-drug interactions in outpatient prescriptions and highlighted the
npartance of e-prescribing, COSS, revie, and pol This be useful in the
Introduetion, Disrusion, and Limitations when discussing future developenent o digital ASP tools.

14, The Hmitations section i incomplete,

termuptive

dlectranic system

etians in

The authors should add several important I design, sl b of lack of
patient-tevel cutcomss, lack of microbiological and resistance outcones, o assessment of mortality or length of stay, no
adjustment for case mix, bias due to wnclear
00D dervomsinator, and muitiple-Lesting risk.

15, Tables wnd figures reauice revision.

Tables 1 and 2 should v whesher vales i paremtbeses e S0, S, or e mesure. Tabes -8 shooid incluske
vales, which should be

explsined. Figures 1-4 are maicly screenshols and should be improved for clarity, The figure pumbering snd captions

shuuikd be checked carelully Lo ersure consistency between the main Lext and appended figure files.

Hiror somments

1. The abstsact is Lou lang and cont

confidence intervals for 0 Table 4 b

12 100 many rumerical details, It should be shortened

1 ol chesrly state the

L ]



@ wour soumis resencitomcs  ammeiss - Q p——

1. The atsisact is too lang and contains Lo many aumerical details, It should be shortened and should clearly state the

iiotic prescribing or “antibiotic use”
3Tk s can be prescritied “without any prescription” is confusing, The authors likely
s “without pre-authorization.” Blesss revise.

4. Please standardize ly Dose,”“DDD." “Aoafte,” Ty I/ risk

Sratication,”ae i peeratin ceghlospor
e used inconsistently. Blease use one term consistently:

7. The Methocssection contains o description of the digtal tool worklow bu lacks essential epidemoiical and

tistical details be shortened, extraction, deneminater definiticns, inclusion
criteria, and statistical methads should be expanded.
B. The ethical that o patieat dta were bt the study.

Please clarify whether data were fully anonymized and aggregated before analysis,
v Please rertconfience tervalsfor e i crrlaion cosficients.
Jasnsaey ared missing in Table 4 and were

m..am satisticaln

1. : .
I i retraagective multienter scolugical analysis, higher monthly sppropristensss of initial enpirical [V
rescrbin was sociated with igher I pericilin 00D and lower Uhi-generaton cephalosrin C00. These
exploratory 3

£ Corespanding Asthor: Rarsid Irvanta Natadjeia | 08 Jon 2005 | 1

Major comments
1. The study design should be clearty defired.

The it icily state that this ive, muticenter,
seeregated data. AL present, s ot i the manuscript
sormetings gives Une impression Ut petient-level sffectinensss is being assessed, Since e mai corelations sppesr
to e based an manthly sgeregate data, the conclusions should be framed al Lhe sggregate level
of individusl patient-tevel prescribing effectiveness.

ot as evidence

Resparso ;
Thank you far your very thorough feedback from the peer reviewers. Ta carmect this, we have adced the following

Iangusge te the Abstract - Metheds and Research Methods section, point 2.3: Tis study was o multi-center,
retrospective, comelational study using aggregate monthly hespital antibiotic prescription data..

2. The bjective and hypothesis should be tated mors clearly

@ oo sovmus resmonToRes AL Q Y FRONTIERS .

7 The sbjective and Ivypalhlw: shoudd be stated maore cloarly.
ansimicrabial stevardsnin, A¥aRe classficarian,
|m| but the specific mjrrﬂwkml cise, The authors. the primary
ebjective the corelation between 39 i ampircal IV smtibloti prescrbing and the
monthly DDO of Access s Watch antitioris. A claar ypothets shoul st b scded, f axsmple: higher
of ampirical prescribing woudd be assariated with insressed Access antibiotic s and decreased Watch

antiblatic uwse.
Fesponze

Thank you for vour very .me mu To imprave his, at the end umﬂ.umm.m e have added: This :\mhllrm

toses nirical antidiotic
consumption based o1 tmmmm Guidelines of the Digital ASP e-RASPRO ludlw the Four Major m«m.sum
biliary Infetion, Preumania, Urinary Tract Infection, Salt Tissue Infection] with the Mean DOD of Intravenous
mmmm from e Access anxd Watch Cateories in 2024 a1 10 Hospitals. Hypothetically, i is enected that there will
rcrease i Lhe use of Acoess calegory antibiotics and s decresse in the e of Welch category antibiotics if Lhere:
s a high appropriateness of empirical prescribing of kit Intravenous Empirical Antibiotics in Four Major Infections

2. Inclusion and exclusion criteria are ufficiently described.
The Bathads shauld chaarly dofine the sligibie population nd prescrptions. Plasse spacify whather sdults and childeen
vetre biath fnclisded, whather IC1) patients were included, whether anly inpatient prescriptions were analyzed, and how
repeated prescripti o andl duplicate entries were
Fancied. 1t shnid st be made clear whether oral antbloc, propylactic atlbiotcs, defntive thoragy and
ted analysls.

Infectians outside the four selec

Fesponse

Thark you for your insightful input. To improve of Poit 2.2 n the opening
ing: The i iteri cal antibiotics for al patien

‘and children) for four major infections during hospitalizstion. As stated in the Litie and objectives of this study,

subsequent prescriotions or changes in empirical or definitive sntibiotics thal may occur durivg Lrestiment were ot

Lsken into account,

paragraph e

4. The DOD methodolagy needs sibstantial clarificatian.
The manuscript reports “mean DDD," but i I not clear whather this reprosents total DDD, DOD/100 patient days,
DD 100 bid-days, DODI 1,000 patdent.days, ar ancther matric. This & a major methedolagieal fssue. The suthors
shinudd preide the exact farmula, denceminstor, data source, and WHO ATC/DDD verdon ued. Withaut this
infarmatian, the DOD results cannot be interproted or comgared reliably.

Fesponze

Thartk you for this wery innportant ingut. Fo improve this, in the Method section of Point 2.2, in peint number 2
i Maan, D0 . . o s Vi soctarcn: Thas v DO firint 1 b 0 DONADN rstbsnt v

[ O — a R

4. The DOD methodolagy needs substantial clarfication.

“mean DOD, B it 42 5 rearesents total DD, DDD/ 100 ptient-days,
DDD/100 bed-days, DODI | i ,ar ic. This i 8 majo The authars
shoudd provide the exact formula, denaminstor, data source, and WHO ATC/DDD version used. Without this
imformation, the DD resalts cannot be interpreted or compared relisbiy:

Response -

Thank you for this very important inpur. Ta imprewe this, in the Method sectian af Paint 3.2, in point number 2
regarding Mean D00, we have added the following sertence: The torm DOD reforred to here fs DD 100 patient days,
which i this manuseript wil be referred to as DD,

5. 3
s bemited to irdtisl L IV antibictics for four major infectiars, while the DD0
curzeme 3 the hospitats. I DDD
infections, pr, i ioti , the chuered
tial L bing. The authars should clariy this and,
# possivle, - wrous shase.
Response -

Thank you for the excelient feedback provided by the pee reviewers. We agree that the dependent variable i this
marascrigt (DDD) could stll be fnfluenced by other factors, such as the prescription af further, definitive antilotics,
or antbiotic peeseriptions at 3 wider range o infection sites, which could be confounding factors. Howewer, the
value we. proposed can indicate the extent to which these resits are due ta chance. The four major infection ites
were ta from 10 haspitals, which we ¢ he majority
SCoUNE For other f861013, SUER 35 T preseripHion of further, GefITve antibiatis, Therefore, we cannot yet caim
that this sy s causal results sucies are noeded
at moul i variousathr factors, such s the preserpeion o frthr,empirkcal, an defiltive antbctcs, and
foeyond the i ).

8. The unit of analysis and sample size shauld be reported more transparently:

Although the mamuscript reparts 20,907 prescriptions, the comrelation analyzes agpesr to be based on 12 manthly
oervations. This distinction is critical. The numaer of i in each
cormelation anslysis, especially in tables where some marths have missing sppropristeness values.

Response :

Thank you for your feedsack. Qur unit data, porting. cluded meathiy data and
the PUMBET OF units analyTed, ensuring ANSRATEACY,

7. The statistical arslysis & underreported and may be insufficient.
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7. The statistical analysis s underreported and may be insufficient.
The authors shoud speeify whether Pearson or Spesrman corelation was sl and whethes assumplions ere checled.
Hanthly data may have temporsl Loends Since both aluss changsd

o time, Uhan & divect associstion. Corsider using
time:-series methods, mixed-effects models, segmented regression, or at minimum sensitivity analyses using detrended

Respanse :
input. Th an that
E 8 iex in
ivindependent, i Honvever, to reduce the possibility of
tmmporal trnds nd auocorlation, we have dded oo s 0 areset the detrenced 1, derended 95X C 1), and
detrended o calculations in Tables 1 and 4, which we rand

sactions. Mesmubile, in Tebles 15, .

8. Mulliple testing should be sddressed.
Tabhes 36 Lesses, infiection Lypss, and risk. Mo correctic
fox ted L pevauss ard sy ot remain statistically significant
after adjustment. The authors sheuld either adjust for multiple compariscns or chearly deseribe the analyses as
exploratony,

Respanse :

Thanks for your ingut. We will emphasize that s analysi is explocatory dus to the extensive anslysis undertaken.
This way, readers of the journsl wil alzo be sware of the explaratory nature of our anslysis

W i e : Ho adjustment fer multiple comparisans was applied. Al analyses are exploratery in Tabel 3.5,

9. Patential confouncing factors are not controlled.

sk infection case

i, tool uptake, jor categeries.

inclled i the analysis, The authors shaald ld,uﬂfnr ey tondrs where passible or substantially. e
interpretation.

Respanze :
Tharik you for your remindes. Given Uhe dal and methodology in th

il s very il o perorm vl confousing reducton:- vnua_mu.emmmmmmmmu-
baspital that we must comply Therefore, & e sttempt o relax the

interoretation snd renvind readers that this study has nat controlled for vasious comfounders such as the punber of
patients, rsk stratification Gistribution, infectin case mix, and infections oulside the four major infections.
Therefore, interpretatively, it cannot be said Lo show a clear causality. To understand further the causal relatioashio,

This way, resders of the journsl will slso be sware of Une exploratory nature of our anslysis.

Wi ad nate : b adjusement for multipde eomparisons vas apalied. All analyses are explorstory in Tabel 3.5,

9. Potersial canfounding factors are nat cantrolled

. such 3 distribution, infection case
side the four major categories. These factars are not

e he

Thank you for yoar remindar. Glven the data callection design and methodology in this manuseripe, v scknouledze
This 4 due

hosaltal that we must comply with data, Therefare, In ction, we attemgt to relax the
interpeetation and remind study 5 the rumber of
patients, nfection ease mix, and

Therefae, Iterretaiely i cannat b i t e s casalit. o understand urper the caual eatonsp,
research with mare comgrehensive methads and even a larger sample size i needed.

10. The Results section sheuld aveid caussl interoretation.
The on, not causati i the digital ASP ool "sffected,”

“influenced,” or “caused sed. The suthors
“uras meznciated with” or correlsted with.”
Respurne :

Yo, we, a5 authors, sirangly agree that this study daes not yet

tudies on AWaRe-based antibiotic monitoring, DOD methosology, and electranic prescribing/CDSS interventiors. |
recommand sdding the fallowing three references:
Masehi M, Effatgansh i, etal. Aatibiotic focus
n defined dmlvdmu m mmmmmm Aemerican Journal. of infection Cantrol. 2004:52:1359-1385.
o0 1m0

This article ued
orescribing. It reported that moee than 635 s h
o antibiatic - i sam, stricter guidelines, and
g, Thiz iom, iMetheds, and Discussion by providing a
Resporse :
Thank you for your Yes, we, s authors, study does not yet

describe & causal relationshio. Therefore, in the results section, we use the word ummm ot “influence,” or
“cause." Likewise, in the conclusion section, there i one word influence,” which we changed o “corelate with."

" et with recent and directly 3
but it shoukd P nes
studies on AWaRe- monitoring, and electronic '
recommand adding the following three references:
. Nasehi M, Effatpanah M, ot al, Antiblotic in
. American Journal L 2024;52:1359.1265.

DOI: 10.1016/.3jic.2024.07.007.
This.

y
prescribing. more than 635 of otics, with

ibiotic. guidelines, and

This et Method
recent regional example of DDD/ AWaRe-based antiblotic-use monitoring.
+ Aminzade 7, Mehrizi R, Mirfan S, et ai and
Aduits. Journal of 2026. DOk

10.1811/5g5.70379.

“This article i relevant to the digital health and CDSS aspect of the manuscript. It evalisted a real time, non.
Internuptive electronic prescribing alert system and
mprianacon. Th teerence vukd bl fram o RASPRO) 3.0 ol of-ca decl e fcarvention 0 woukd
allowa clin alert fatigue,

Arabd S5, SerantF Amiraade 7, o ol Prvalence, redicor, and cincl relevance of rug dro Iteractions 1
outpatient prescriblng: A national cross sectional study. PLoS One. 2026:21(4):60345076. 0OI:
10.1371/Joumal. pone. 0345076,

This for placi y
platforms. it burden of In curpatient prescriptions and
Nighightd theimportanceof & pescribin, CDSS, phamacist e review; and polcy Intrventions. Tis reference
would be useful , Discussion, of digital ASP
tools.
Resporse :
Thank you for your ons and input, However, from
(1) Although the DDD setings and benchmarks are somenhat different (we use an inpatient setting, while Nasehi et
ol s on utpetient seti, ve e 00 [ uses dey),
however, reviewer input, we have from the arti slinthe

For (2) the inzade et ol have o different setting, because this

tce covers riacrbl n ekt puieats i s oot dicums it eicribig DecKcal
Re—— R —

—
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aliaw 3 mane balanced discusman of Ccan sutnary; alert fanigus, and SIS T
Aara 55, Semnani T, Amirzade 2, et i Prevalence, predictors, snd clinical reievance of drug-érug interactions in
Dol:

A pationsl sonsl stuy. PLaS Ore.
10,1371 ourmal pone 0145076
Tois re for placing it ele bing and (D55

platforms. It reported a substantisl burden of potentisl
highlighted the importance of e-prescribing, (OS5, pharmacist-led review, and policy interventians, This reference

would be useful in the Introduction, Dis and s igital ASP
tools.
Response §

g, Homever, fram fellons authors:

(1), Aithaugh the DOD settings and banchmarks are somewha cifferent (we 15 an inpstient setting, while Hasehi ot
al. uses 3 outpatient setting, we use DID / 100 pariant days, while Nasshi ot al, uses DDD / 1000 inhibitants par day),
heweer, redewer ingut, article from Masahi et al. in the
intraduction section. For (2) the article by Aminzade Z et al alw appears ta have a differeat setting, because this
article caers prescribing in gerlatric pationts and daes nat discus aatiblotic prescribing specifically, while our

manuscript emg pr g intravenaus. digital tools, 0 % s samewhat diffiul for aur
writing toam to make 2 linear comparison between our manuscrint and this article. [3) The articls by Aarabi 55 et al,
highlights Diug:deug Inteeacticas (D0k) In catpatients, digital e

OS5, Howaver, we 1z found ft somawhat difficult to find a common throad with e RASPRD, whera our masuseript
wins based on the fnltistion of intraveros antlblosis prescribing i hosphalized pationts. I cur opiion, the resilts of
this stucy are somewhat difficult te use as a comarisan in our manuscript, considering the differences in the study
scope, backgrourd, and research abjectives.

14 The limitatians section iz incamelete.
‘The authars should sdd several important limitations: ecolagical design, small numiber of manthiy cbssrvatians, lack of
patient-level utzomes, Lack of microbiological and resistance culcomes, n sssessment of martality or length of stay,

bins sz of the tool in the second semester,
unziess DDD denominator, and muktiple-testing risk.

Response §

Tiank: you for your excedlent input. The seope of this study did nat include patient ouseames fellowing sntibiotic
trestmant, including length of stay and mortality, microbiological patters, and resistance, In accerdance with the
per reviewer's input, v alsn explained in the conclusion that we have changed the ward nfluence” to “coerelate,”

» and. P ple tosting rick.
Meanwhile, we have corrected the DEO in the methad sectian, that the DOG we canvey here & 00D / 100 patient days.

15, Tables and figures require revisicr.
Tables 1 2nd 2 shoukd define whether values in parenthesss are S0, SE, or anather messure, Tables 3-5 should includs

Table 4 has mizsing . which should be
iaput. The scope. E i antibiotic
ereatment, inclucing length of stay and moreality, mi - " e the.
e slac explained i the word influsnce” 2o “corelae,”
and this describe. & Fitk.

esntile, oD in

15, Tabies and figures requive revision.
Tabies 1 ard 2 should define whether values i parentheses are S0, €, ur another messare., Tables 35 should inclde

ues, which should be
explained. Figues 14 are mainly scresnshots and shoud be impraved far clarity. The figurs numberiog and castions
should be cheched carefully Lo ensure consistency between the main test and appended ligure files

Resparso

these points to ipt. Far table 1 2nd table Zwe
e cded ot it i brachet  th Sandard Deiaton. b el 2.5 e have a4 the 5% 0 f the
carrlaton costficent. Inthe xclanation of Tble 4, e stated thee  misigdata for Jaruary and March s dus 23
sorting, lack of data purity. Tharefore, it vas decided to exclude
data for thase months, We have alsa shifted (I} and {J) after ane sentence ta avaid confusion for the reader. Far figures
104 e have increased the image resclution and hopefuly it will be clearer

[Ep—
1. The abstract is too long and contains i s, It
study design.
Recporse
» . Yes, design, which
the L the full manuseript, as directad by the reviewer

2. The phrase "sntibiotic consumptice s used frequently, but in some parts “antibiotic prescribig” or
would be more accurate,

Aespomse
e have corrected it according to the reviewer’ ingut.

3. The sentence stating thal Access antibiatics can be prescribed "without any prescrigtion’ is confusing. The authors
keky mean “withaut pre-authorization.” Plesse revise.

Resqorso

Thank you far your very tharoush insight. There is a writing srrar hers, what we mean here is without arior
‘sutharization and we have changed it to cur manuseriot

Wie have corrected it according to the reviewer's input

e Access antibioti “without any prescription” is confusing. The authors
kety mean “without pre-autharization.” Flease revise.

Resparse ;

Thank you far your very tharough insight. There is a writing error here, what we mean hers i without price
‘sutharization and we have changed it to cur manuscrist

a —— “Defined Daily Dose,” DD, “Aahe,
stratification,” and ‘Lhird-generation cephalesporins.”

Type WA risk

Resparse ;
Thank you fo your input. Regarding 000, i Types 1, U, and ll, and allof the.

intended digital «-RASPRO i this explsined in the
Methods section. For of course, what i meant i all halozpacin

e e i bpitals, . s sy, oot 2 n st h € for el of snclbonn

ntsabiliary” and “intra-biliary”

Resparse ;

Thank you, we have fixed it

6. Several tical and conrection by : Exarmiphes include ‘ars often
become,” “may have ot been determined,” snd has indeed had 3 correlation.”

Aesparee +

detasled input. Vs, ‘are cften become” ta "sre aften overloked, " “may have
ok determied 1o 7et b dteric” and- e e bl 3 correlatont o “corelated.”

7. The Methods section contairs s long descriotion of Uhe digital Loot workflow but Lacks sssential spidemiciogical snd
Statistical setails, The tool description could be shortened, hile the data extraction, denominator definitions,
inclusion eriteris, and statistical methods should be expanded.

v inpt. We i ion of this toal to provide resders with 3

i the hich the ressarch methodolel. We have olzo added

pa—— ]
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7. Th Msthods section contains  long dascription of the digital 100 woekfiow but lacks essential apidamiological and
statstical detadts. The taal description could be sartened, while the data extraction, denaminatar definitions,
inclusion criteria, and statistical methods should be expanded.

Fesgorse ;.
Thank you for your input. of this toal to with &
comprehersive averdiew of its e, We present e dats excerpls in

‘camparison (oot i the metiiods section, which better describes the research methodology). We have slso sdded
resmarch design and inclusion crtieris Lo Lhe ethods section, under aint 2.2 in the first paragraph.

8. The ethical statoment says that na patient data were invelved, but the study analyzes inpatient prescrigtion data.
Please clarify whether dsta were fully 3aonymized and aggregated before analysts.
Resporse:

Thank you. That's sight, when extracting data from Uis device, patient names wese omitted.

5. Piease report confidence iatervals far the main carrelation coefficients

Fesgorse ;.

Thank you for your ingut, for

10. Ploase explain why Sanuary and Nasch apprapriatencss values are missing in Table 4 and horw these missing values
were handied statistically.

Respome:
The s e to issues in those month, less v, ard

therefare, we have not included it In the explanation of Table.4, +mi January and March
s issues during data sorting, Theretore, it wes decided

o exclude data for those mantls. Homever, the anslysis used is based on the real dats. Missing data is ral included in
the analysis,

. "

“in calogical analyss, hig fritial empirical IV antiblotic
precrbing v ssociatd wich Figher Y peicilin DOD an ver thir geveraton chalaspoin 000, Thess s
are exploratory and require confirmation in patient level, controlled studles.”

Fasparse

s exlude data for those moths, However, Uie analysis used fs based on the real data, Missing data is nol included in
the snalysis,

1. The canclusion shouid be mone cautieus. A pessible revied version i
1n this retrospective mudticenter ecological analyss, higher monthly agpropriateness of nital empirical I antibiotic
prescribing was associated with higher IV paricilin DDD an o thirg-generation cephaiosporin 00D. These ficings
are exploratoey and require confirmation in patient Level, controlied studies.”

2 fewers inst that wit i this
marscipt, be 2 and il
resded,

Review supporting file - 1188018,

2 Reviewer 1| 05.Jun 2026 | 15:28 n

Dear Aathars,

Thanik you for the revised acdressing o comments.
substanially, and most major resalved Havever, i ire clarificasi
endorsement.

the incluing the exsct formuda, rumerstor,
derarminaton seurce of paleik-dsys, and the WHOATC/DOD vesion o0 mllwml:luvdud wsed,

ty details, particuarly  how
repeated sdmisions or dupli i 3 irical therapy was counted.
Flease state mare expliitly st he Correlation snalyses are based an monlhly sseregate obissvalions, not individusl
rescriotions, and report the exact nunber of manthly obse vations used inesch correlation snalysis, especially where
mising data oecurred.
et enshasie i e Do Lilations s the D00 utcenemay reflec brsader bl antio
wae, including P— fections cutside e four selected infection

ideified befare sgeregation and snalysis.
theoughut especially “Defined Daily Dose,” ‘Wishe,” “Type 111 isk.
siratification,” and “third-generation cephalasporins."

& Corvesponding Author: fonald Irwanto Natadidiaja | 10 Jun 3026 | 0848 -
groups. 1 res spoua
Please clarffy Heatifiers the data were fully ancrymized or de-
deneifedbafor sggrgation s by
pt, especially A Type 1A sk
stratficatian,” and third generation caphalosporins.”
& Corresponding Author: Ronald lrvanto Natadidjafa | 10 Jun 2006 | 08:48 =

Dear Reviewer 1,

Ve thank you again for reminding us of some things we missed.

wto iback and gt

Revierer Inpul : Please provide more methadolagical detil o the DDD calculativn, including the exsct formla,
rumerator; dencminato, scurce of patient-days, and the WHO ATC/DDD version or rationsl standard used.

Response ¢

“mkyw[wmmvwmh. ack of detail in aur
feedback. We h .

a0 0 patnt o oot ke (1) WHO 020 10
Total Length of Stay

Reviewer input + g patients wer
inclusded, haw repeated admission 3
therapy was counted.

Respone -

Tharik you for your excellent irsight. Due to your suggestion we add this statement in the method section point 2.1

= {sed inklal It A )
impatients, both adult and pediatsic, including ICU patients, for four major infections. The use of empirical
combination Urerapsy it was il n the caleultion and s declred appropiate i the cambiestion
therapy was RASPRO. I accordance and
primary abjective, changs of sntibiotic from the initial antibiatic or s change of antibiotic Lo the definitive
antibiotic that occurred during hosaitalization wers excluded.

— ]
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theragy s i in -RASPRO. In the study title and
changs of ansibiatic iibiatic or a change.

antibiesc that cecurred during hozmitalization vere excluded.

Feviewer input expllcity that " based on manthly aggregate
chsarations, not individual prescriptions, and report the exact number of manthly obsenvations used in each
eoerelation analysts, espacially whare missing data occurred

Fespanze
Tharik you fos your il @ ings. To address this, e
tables 3, 4, and 52

Tabde 3 basad . not individual prescriptions. Numbar
of manthly cbservations carrelated vith DI = 12 manths

Table d: based  motincividianl prescry

ata for Jsmuory and Narch wes dus ta administrative fssues during data sorting, which suggesied a lock of data
purity. Therefore, it vas decided to sxclude dats for thase manths. Number of meathly cbservatins crerelsted
with D2 = 10 manths

Tabde 52 based . maindividual grescrist
rumbser of monthly olervations correlaled with DGO

Feviewes input  Please fursher emphasize in the Discussion/Limitations that the DDD outcome may reflect brosder
and

bospital antibiotic :
wroups. This ings should 2nd nom-cousal.

Fespanse

Thank you for your insight and for oar attention, sugee:

nd of the discussion wection of thes mansCrpY.

Feviewer ipul all patient-level i and whether the dalts were fully

anarymized or de-identified before ageregation and analysis.

Fespanse -
Thanik you for your reviewer's suggestion ax a reminder to s all sbout ethcs. Thercfore, in the methods section of
the final paragragh, AL i nd -
1Y FRONTIERS

Reviewer input : Flease further emphasize in the Di mitations that broader
hosoital antibiotic use, subsequent , and fnfections

i ‘roups. This means the findi E
Resporsn ¢
Thank you for your insight and for bringing this
end of the discussion section of this manuscript.
Raviewer input y all patieat.

do ysh

Resporse :

Thank you for your reviewers sugsestion as & reminder (0 us sl about ethics. Therefore, in the methods section of
i we have stated: identifiers v
and anslysts were performed.

S 2 s : 2

Resporse :
Thank you for your meticulous editorial input. Based on this input, we have standardized the recommended
wniform spelling of the words in this manuscript, as per the reviewers' ingut:

Defined Daily Dose:
AtaRe (Access, Watch, Reserve)
Type |/ 14 1 risk stratification

thied-generation Cophalasporins
Review supporting file - 1190007
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The verificatian time can i
2 praof of paymant.

details, and if you uplosd

Editor Reviewer | Reviewer 2

Histo
-4 ace Fnaizea [a—

Raviewer 7
independent roview report subeitted: 26 May 2026

indtial the Fditor:

s required

Lz EYALUATION J

your revision requests for the suthors and provide your detailed comments,

IR vieese including
highlighting limitations and strengths of the study and evalusting the validity of the methods, results, and dsta
Fyou

24 them as wall.

& Reviewer 2 | 26 ay 20 | 11236 .

Introduction

1. Based on

e

son in Insinesia, any
rescription - What does it mear? Preszribad by whom?

Discussion
1 b Infermtion on the type their
fregquency in the haspital usefud and may s
2. however, condusted in Incar the Digital A9
uggests patierss in type ri i than thesz in
ype Il and ll risk seratification groues - type 17
‘The suthor can just describe the various and their menticeing

1
Table by Table in the discumion.

Genersl comment
The language to be imaroved especiaily in the Intraduction.
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&, Elitotal Offices Franties In Digital Health | 11 Jun 2026 | 08:45

Dear Authars,

Ta mave the process forward e kindly ask you Lo pleass reply to Reviewer 2 comments in Uhis thread and re-submit your
revisions using the bl esubmil manuscriat i the Editors Tab.

W howe Uhis Wi essags is clear and should you have any other question or reed sssistance plesss Go nal hesitats Lo gst
in towch.

Thisnk you for your time and corsideration,
The Editorial Office

& Correspaning Author: Ransld Ivanta Natadicissa | 11 Jun 2006 | 1400 #
Der Editer
= fot. Here pomse o the sugge
2
Introduction

1. Bazed o the cuvent reguition in Indoresia, sntibiotics from the Arcess category <an be prascribed witheut sy
prescrintion - What doss it mean Prescribed by whom?

Respunse:
Tiank: you for your vary thoreaugh insight.
There iz 3 i
manuscript.

error here, what

e without ori

Discusion
1. Accarding ta the author, w
thair fraguancy In the hospital sotting v

fever: typeaf
1l 3 may 3150 explain higher Quingionss DOD

by with
& hae baer

Respone:

Thank you for your insightful insights.

R ———
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1. According to the authes, there are many cases of typhoid fever. Information on the type of other infections with
Uhneir frecuency in the hosoital setting would have been uselul and may also explain higher Quirolones DOD

Fespanse:
Thank you for your insightful insights.

14 Lo that ladnesia is endeiic for bphoid fever, snd quinolones are indesd Une Lrestmeal of choice. However,
unfortunately, with this research design, and according to the regulstions of the haspitals where dats were collected,
we do ot have data on typhoid fever and quinolone use in typhod from all ten hospitals. Therefore, in the discussion
sectin, we anly stabe asumations that may or may ool be carmect. This cerbainly needs o be tested more
comprabensively in further ressarch.

2. howeves, a proviows study conducted at three hospitals In Indonesta
& RASPRQ tool suggests that the number of pat
i type 1 and I sk stratification groupe’ - type 17

the Digital ASP

g
cation group

Fespanse:
Thartk you very mch for your very Uarough correction.

Yo, what v maant have was in provious ressarch, the ramber of patiants in type | sk stratification group was
intypell and Il eroups. We've fixed i,

1. The authar can just describe the various salient observations and their possible exalanation rather than mentisning
Table by Table in the Siscussion
Caneral comment

™ expacially

Fespanse:

Thank you for your asggestion. In the discussion sectian, we have tried cur best to explain the interpretatian of the
tables, aithanugh we recegnize that this resaarch i coretational and subject to multiple interpestations, and cannor
vie p o o

far a5 we understand, thare 1s net mech research related to digital ASP a5 a CDSS. However, we have attenpted ta
compare them. Due ta this situation, there are certainly many imperfectiars,

™"

e slsg attach the iberms Lhat have besn changsd scconding Lo U ingut fram reviewsr L (e have chang=d them fram

wremoness B

2. bwever, 8 previous study conducted at tree hossitals in ndoresia using the Digital ASP

e-RASPRO tool suggests thal the number of patients in group

i type I and Wl risk stratification grougs' - tye 17

Respome:
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Background: RASPRO Indonesia Study Group for Antimicrobial Stewardship &
Resistance has developed a digital antimicrobial stewardship (A5SP) tool known
as the e-RASPRO, which may provide a guideline for clinical decision on
antibiotic prescribing for bacterial infection cases by integrating the WHO
AWaRe (Access, Watch, Reserve) classification.

Metheods: A multicenter retrospective correlational study was conducted using
aggregated monthly hospital antibiotic prescribing data. A correlation test was
conducted between the mean percentage on the appropriateness of initial
intravenous empirical antibiotic consumption and the mean Defined Daily
Dose (DDD) of antibictics within a year {(January to December 2024) in 10
Indonesian hospitals after the socialization of e-RASPRO tool between 2022
and 2024 in four major infections.
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or reproduction is permitted which does
mot comply with these terms.
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Results: There was a significant positive correlation between the mean of
percentages on appropriateness of initial intravenous empirical antibiotic
consumption in type | nsk stratification guided by e-RASPRO tool and the
mean DDD/100 patient-days of intravenous Penicillin as Access group
antibiotic (r=0.598, 95% CI 0.021-0.873; p=0.041) and a significant negative
cormelation with the mean DDD/00 patient-days of intravenous third-
generation Cephalosporins as Watch group antibiotic (r=-0612, 95% Cl
—0.878 to —0.044; p = 0.035) after removed linear temporal trends.
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Conclusion: Appropriateness  of initial  intravenous  empirical  antibiotic
consumption in type | and |l risk stratification guided by e-RASPRO tool was
comelated with increased consumption of Penicilin as an Access group
antibiotic and decreased consumption of third-generation Cephalosporins as a
Watch group antibictic. This study did not describe a causal relationship between

the use of the e-RASPRO tocl and antibiotic consumption in the hospital.

HEYWORDS

antibiotic, appropriateness, defined daily dose, digital, empirical, intravenous,

stewardship

1 Introduction

World Health Organization (WHO) has classified antibiotics
into Access, Watch, and Reserve categories. It is expected that the
target of antibiotic prescribing from the Access group in various
countries may reach at least 60% (1, 2). Supports from hospital
management, human resources and other supporting tools are
absolutely necessary in order to achieve the WHO target. The
implementation of the digital Antimicrobial Stewardship (ASP)
may provide good results on the prescribing of antimicrobial
agents and it may reduce Defined Daily Dose (DDD) of
antibiotics; however, the appropriate digital model has yet to be
determined (3-5). The WHO Access, Watch, Reserve (AWaRe)
classification can be used as a guideline in consuming
antimicrobial agents (6). Based on the current regulation in
Indonesia, antibiotics from the Access category can be prescribed
without any pre-authorization although appropriate indication
would be necessary; while those from the Watch and Reserve
groups must be given based on pre-authorization and supervision
by the Antimicrobial Stewardship team, infection control
consultants and the hospital's Antimicrobial Resistance Control
Committee (ARCC) (7). On the other hand, the management and
technology of antimicrobial prescribing, as well as the
implementation and operational monitoring on the consumption
of antimicrobial agents, are often overlooked a part of disparities
in the development of National Action Plans (NAPs) (8).

A small-scale survey conducted in 2019, which involved 156
hospital respondents in Indonesia, found that 114 respondents
reported that they had not implemented antimicrobial resistance
contral measures in their hospitals, largely due to the lack of a
clear management framework for implementing such measures
(9). Another larger survey conducted in Iran from 2022 to 2023
reported that 63% of antibiotics prescribed to outpatients
belonged to the WHO Watch category (10). The RASPRO
Indonesia  Study Group for Antimicrobial Stewardship &
Resistance views this as a gap in management, antimicrobial
prescribing  technology, as well as  implementation and
operational monitoring  that could lead to the failure to
implement the ASP in a hospital in Indonesia.

In order to narrow the gap, the RASPRO Indonesia Study
Group for Antimicrobial Stewardship and Resistance has
developed a Digital ASP tool known as the e-RASPRO, which
features digital antibiotic puidelines that classify patients into
Types 1. 11, and 111 risk stratification based on severity, immune
status and medical history. The tool has also integrated the
WHO AWaRe antibiotic classification by considering local
microorganism pattern (if it is available at the hospital) as well
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as various considerations that have been evaluated through peer
expert review at the hospital By implementing the tool, it is
expected that it can serve as one of modalities to provide a
guideline for clinicians as well as monitoring, evaluating and
reporting on the administration of prophylactic, empirical, and
definitive antibiotics. The Digital ASP e-RASPRO tool can also
facilitate on-site consultations between doctors, pharmacists and
the hospital’s ASP team to coordinate the conduct of prospective
pre-authorization audits regarding antibiotic use in the hospital.
This study is expected to serve as a preliminary study
involving multiple hospitals with a substantial volume of
prescriptions. It aims to examine the correlation between the
mean percentage of appropriate initial intravenous empirical
antibiotic use, based on the Antibiotic Guidelines of the Digital
Antimicrobial Stewardship Program (ASP) e-RASPRO Tool for
four major infections (intra-abdominal biliary infection,
preumonia, urinary tract infection, and skin and soft tissue
infection), and the mean Defined Daily Dose (DDD) of
intravenous antibiotics from the WHO Access and Watch
categories in 2024 across 10 hospitals. We hypothesize that a
higher rate of concordance with empirical prescribing guidelines
for initial intravenous antibiotics in these four major infections
will be associated with increased consumption of Access
antibiotics and decreased consumption of Watch antibiotics.
Nevertheless, we recognize that this study has not clearly
explained the cause-and-effect relationship and remains limited
to the use of initial intravenous empirical antibiotics, which is
associated with antibiotic DDD within a year period of time.

2 Methods

2.1 Early socialization on implementing
digital antimicrobial stewardship e-RASPRO
tool

Socialization and training program on the Digital ASP e-
RASPRO tool was conducted gradually by implementing the
digital guidelines for empirical antibiotic therapy at 10 hospitals
in Indonesia from 2022 to 2024. The Digital ASP e-RASPRO
tool would guide clinicians in deciding on the administration of
empirical antibiotics and help hospitals to monitor the
appropriateness of the administered antibiotics whether it had
been complied with current guidelines.

At these ten hospitals, the digital guidelines for empirical
antibiotic therapy outlined in the Digital ASP e-RASPRO tool
had been implemented, as agreed upon through peer expert
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reviews at each hospital. In this setting, patients with bacterial
infections who would receive empirical antibiotics and would be
admitted to an inpatient ward were divided into three risk
stratification groups based on their disease severity, immune
status, and medical history (5, 11):

- Type I risk stratification group is a group of patients with
mild bacterial infections, whether immunocompetent ar
immunocompromised, whose infections do not meet the
criteria for Type II and III risk stratification groups; in
other words, they are at lower risk of infection with
multidrug-resistant (MDR) bacteria.

Based on the digital guidelines for empirical antibiotic
therapy approved through peer expert review by each
hospital, in the e-RASPRO tool, this group may receive
empirical antibiotics from the Access category, such as
Amoxicillin Clavulanate, Ampicillin Sulbactam (Penicillin
class - Access) with or without a combination of
Amikacin/Gentamicin (Aminoglycoside class - Access). In
this risk stratification group, the Quinclone group, which
falls under the Watch category, is used in cases of beta-
lactam allergy or based on specific clinical considerations.

- Type Il risk stratification group is a group of patients with
mild bacterial infection with the following characteristics:
((immunocompromised AND/OR uncontrolled diabetes
mellitus) + (history of antibiotic use within =90 days
AND/OR history of hospitalization at a healthcare facility
for 48 h or more (= 48 h) but less than 90 days ago (< 90
days) ANDVOR history of medical device use within <%0
days ago). The group of patients with such characteristics
are at risk for infection by MDR bacteris—Extended-
Spectrum Beta-Lactamases (ESBLs) (11-17). This group
of patients may be prescribed anti-ESBL antibiotics from
the Access — Watch category. Based on the digital
guidelines for empirical antibiotic therapy approved
through peer expert review by each hospital, in the e-
RASPRO tool, this group may receive empiric antibiotic
treatment of Carbapenem Sparing Agent in order to
eradicate ESBLs involving the Access antibiotics, ie., the
combination of Ampidllin  Sulbactam/Amoxicillin
Clavulanate (Penicillin class - Access) must be combined
with  Amikacin/Gentamicin  (Aminoglycosides class -
Access). In this risk stratification group, the Quinoclone
group, which falls under the Watch category, is used in
cases of beta-lactam allergy or based on specific
clinical considerations.

- Type 1II risk stratification group is a group of patients
with  severe/threatening bacterial infection AND/OR
patients with Healthcare Associated Infections (HAIs)
AND/OR ((Immunocompromised AND/OR uncontrolled
diabetes mellitus) + (history of antibiotic use of = 30 days
agn AND/OR history of hospitalization at a healthcare
facility for 48h or more (z48h) but less than 30 days
ago (= 30 days) AND/OR history of medical device use
within =30 days age). This group of patients with these
characteristics is at high risk of mortality and is also at
risk of infection by ESBL bacteria and other multidrug-
resistant  pathogens, such as  methicillin-resistant
Staphylococcus  aurews  (MRSA),  multidrug-resistant
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Pseudomonas spp., and others (11, 18-28). Based on the
digital guidelines for empirical antibiotic therapy
approved by peer experts at each hospital using the e-
RASPRO tool, this group may receive antibiotics in the
‘Watch' category, with or without combination therapy
using antibiotics in the "Access’ category: Meropenem/
Imipenem/Doripenem {Carbapenem class -Watch) with
or without a combination of Amikacin/Gentamicin
(Aminoglycoside class -Access). In cases of suspected
MRSA  infection, anti-MRSA  antibiotics may be
administered. The use of these antibiotics must undergo a
pre-authorization process and prospective audit by the
hospital's ASP Team. In this risk stratification group,
Quinolone group, which falls under the “Watch® category,
are used in cases of carbapenem allergy or based on
specific clinical considerations.

The Digital ASP e-RASPRO tool would notify doctors,
ph ists, and nurses regarding the category of antibiotics to
be administered (Access, Watch, or Reserve). In accordance with
national regulations in Indonesia, if the antibiotic to be used is
categorized as Watch or Reserve, the pharmacy is required to
consult with the hospital's ASP team, infection control
consultant, and hospital ARCC for pre-authorization and
prospective audit.

The Digital ASP e-RASPRO tool could be used to guide the
selection of initial empirical antibiotics, guide subsequent
changes or additions to empirical antibiotic therapy (if
necessary), record definitive antibiotic therapy, guide the use of
prophylactic antibiotics, issue notifications regarding prolonged
antibiotic use, and provide physician notes for difficult-to-treat
bacterial infection cases requiring comprehensive discussion.
However, in the flowchart below, we have limited the scope to
the system that guides physicians in determining the use of
initial empirical antibiotics.

The following is a screenshot from the Digital ASP e-RASPRO
tool showing the workflow for determining the use of initial
empirical antibiotics (the first empirical antibiotics prescribed by
a doctor when a patient is admitted to the hospital), using the
digital empirical antibiotic guidelines on this device (5).

The Digital ASP e-RASPRO tool is designed to guide and
monitor physicians in prescribing antibiotics. Figure | shows
boxes that can be selected by physicians for antibiotic use in
daily practice for hospitalized patients. Box (A) was referred to
as the RASAL Box. This box must be checked when the doctor
decided to administer initial empirical antibiotics (intravenous
or oral). The initial empirical antibiotic was the first antibiotic
decided by the doctor to administer for a patient upon
admission to the inpatient ward. Box (B) was referred to as the
RASLAN Box. This box must be checked when the doctor
decided to change the empirical antibiotic regimen during
treatment, if necessary. The RASLAN box could be used as a
guide for escalating (step-up) or de-escalating (step down)
antibiotic treatment based on digital empirical guidelines and
the doctor’s dlinical observations.

Box (C) was referred to as the RASPRAJA Box. This box must
be checked and filled out when a doctor decided that there were
specific indications requiring prolonged antibiotic administration
(whether empirical or definitive). If antibiotic use exceeds a
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certain duration and the doctor failed to check the RASPRAJA
Box, the hospital may issue an Automatic Stop Order (ASO).

Box (D) was called the RASPATUR Box. This box must he
checked when a doctor prescribed a definitive antibiotic. Box
(E) was called the RASGRASI Box. This box can be checked
when a doctor would report difficult-to-treat bacterial infection
cases, in which the patient had already received multiple
changes of antibiotic treatment. When the RASGRASI Box was
clicked, a notification would be sent to the pharmacist, and the
difficult case could be submitted for a collaborative case review
involving the Hospitals ARCC. Box (F) was called the
e-Prophylaxis Box, which could be used to guide doctors in the
administering prophylactic antibiotics.

After the doctor clicked the RASAL box (A) in Figure 1, the
screen advanced to the mext phase, as shown in Figure 2
Figure 2 illustrates how the Digital ASP e-RASPRO tool guided
the physician in administering initial empirical antibiotics
(intravenous or oral) when a patient was admitted to the hospital.

The doctor could input data about the patient’s condition based
on current clinical observations, including: (1) Severity of illness of
the patient’s infectious disease (Sepsis/Non-Sepsis, Febrile
Neutropenia/Healthcare-Associated  Infections/Life- Threatening
Organ Perforation/Encephalopathy associated with severe bacterial
infection),  (2)  Immune  status  (immunocompetent/
immunocompromised), (3) The patient’s medical history over the
past 30 or 90 days (history of antibiotic consumption, history of
hospitalization, and history of medical device use). the Digital
ASP e-RASPRO tool would provide doctors with information
regarding patient risk stratification in accordance with the various
academic citations previously cited (G).

After that, the doctor could continue this workflow by clicking
on the patient’s site of bacterial infection (H). The digital
empirical antibiotic guide would provide initial empirical
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antibiotic options that could be administered to the patient
based on the patient's risk stratification. The empirical antibiotic
puide was customized according to the guideline that had been
agreed upon through a peer expert review at each hospital (1).
The doctor could then select the initial empirical antibiotic,
along with the dosage, frequency of administration, and route of
administration. Through this screen, the doctor would also
immediately receive information on whether the prescribed
antibiotic fell under the Access, Watch, or Reserve category (J).

After the doctor submitted the initial empirical antibiotic
prescription as shown in Figure 2, the workflow in this system
would forward it to the pharmacist for review.

Figure 3 shows the pharmacist's screen, which was used to
review the prescribed antibiotics. Through this screen, the
pharmacist would be informed of various details, including: (1)
Site of infection, (2) Patient risk stratification, (3) Appropriateness
of antibiotic prescription based on the digital empirical guidelines
(by dicking the ‘Guide” button), (4) Type of antibiotic that had
been administered, antibiotic category (Access/Watch/Reserve),
(5) Dose, frequency and route of administration.

Pharmacists could click the phone icon in the upper-right
corner to consult with the hospital’s ASP Team on-site if the
prescribed antibiotics did not comply with the guidelines AND/
OR if the prescribed antibiotics fell under the Watch or Reserve
categories. If no agreement had been reached regarding the use
of antibiotics among the pharmacist, the hospital's ASP team,
and the physician, but the antibiotics must be dispensed
immediately for patient safety reasons, the pharmacist may issue
a special notification through this system. These notifications
could then be submitted to hospital management every three to
six months (semester) to serve as a basis for evaluation and
to  determine future policies regarding the prudent use
of antibiotics.
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Once the pharmacist had completed the assessment of the
initial empirical antibiotic prescription as shown in Figure 3, the
pharmacist could submit the assessment and the workflow on
the system would forward it to the nurse so that they could also
monitor antibiotic use.

Figure 4 shows the nurse’s screen, in which the nurse
could access various pieces of information, namely: (1) the
site of the patient's infection, (2} the patient's risk
stratification, (3) the appropriateness of antibiotic
prescription according to the digital empirical guidelines
(by clicking the ‘Guide’ button), (4) the type of
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antibiotic that had been administered and the antibiotic
category (Access/Watch/Reserve), (5) The dose, frequency
and route of administration of antibiotics. Nurses and
pharmacists could also monitor how many days the
antibiotics were administered. If a doctor prescribed long-
term antibiotics, the nurse and/or pharmacist could remind
the doctor to document the indication for long-term
antibiotic use in the RASPRAJA Box (Figure 1F), because
if the indication had not been clearly documented
through that box, the hospital might enforce Automatic
Stop Order (ASO).
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2.2 Obtaining and analyzing data

This was a multicenter retrospective correlational study using
agpregated monthly hospital antibiotic prescribing data. The data
were retrospectively collected from inpatient units at 10 hospitals
between January and December 2024 using the Digital
Antimicrobial Stewardship Program (ASP) e-RASPRO tool. The
inclusion criteria  comprised initial intravenous empirical
antibiotics prescribed for all inpatients, both adult and pediatric,
including [CU patients, for four major infections. The wse of
empirical combination therapy initiation was included in the
calculation and was declared appropriate if the combination
therapy was in accordance with the antibiotic guidelines in e-
RASPRO. In accordance with the study title and primary
objective, change of antibiotic from the initial antibiotic or a
change of antibiotic to the definitive antibiotic that occurred
during hospitalization were excluded. The same empirical
antibiotic guideline was in effect at all 10 hospitals, as agreed
upon by each hospital’s peer expert review committee. Data
were retrieved in early 2025, which included the following:

1. Percentage of Appropriate Use of Initial Empirical
Intravenous Antibiotics (the first empirical intravenous
antibiotic administered upon a patient’s admission to the
inpatient ward) for the four most common infections (the
‘4 Major’ infections), ie, Intrabiliary Infections,
Pneumonia, Urinary Tract Infection and Pyelonephritis,
and Soft Tissue Infection at 10 hospitals between January
and December 2024

The four major infections selected were those that deemed to be
highly prevalent in the 10 hospitals, which had been studied
during 2024. The consumption of a single initial intravenous
empirical antibiotic was categorized as appropriate if it complied
with the guidelines in the Digital ASP e-RASPRO tool. The use
of a combination of initial intravenous empirical antibiotics was
categorized as appropriate if both complied with the guideline
in the Digital ASP e-RASPRO tool.

(1) Mean DDD of Intravenous Antibiotics. In accordance
with Indonesian national regulations, DDD refers to the
Defined Daily Dose/100 patient-days, hereafter termed
DDD. DDD / 100 patient days =

Total Astibitic Used (gram) | WO DDD ., )
Toul Length of Sty (L0S) .

Data about mean DDD for the five largest classes of intravenous
antibiotics were collected and calculated from 10 hospitals,
specifically  for the Access Group (Penicillins and
Aminoglycosides) and the Watch Group (third-generation
Cephalosporins, Quinolone, and Carbapenem group) between
January and December 2024 to observe the trends of antibiotic
consumption during that year.

Afterwards, the percentage on the appropriateness of initial
intravenous empirical antibiotic consumption based on the
digital antibiotic guidelines was described according to patient
risk stratification groups for the 4 major infections, as well as
the mean DDD of the five classes intravenous antibiotics
between the first semester (January to June 2024) and 2nd
semester (July to December 2024} during the implementation of
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the Digital ASP e-RASPRO tool. A correlation analysis was
conducted between the mean percentage on the appropriateness
of initial empirical intravenous antibiotic consumption based on
the digital antibiotic guidelines for the 4 major infections and
the mean DDD of intravenous antibiotics in 2024,

All patient-level identifiers were removed and anonymized
before  appregation and analysis were performed. Data
processing, discussions, and various verifications were conducted
from mid- to late 2025. The appropriateness of initial
intravenous empirical antibiotics consumption and the DDD of
intravenous antibiotics were verified by pharmacists from each
hospital using the Digital ASP e-RASPRO tool. All data
extracted from the Digital ASP e-RASPRO tool was then re-
verified by the ARCC and peer experts from the ten hospitals.
Data analysis and manuscript writing began in early 2026 under
the supervision of the various parties involved in this study.

3 Results

The results of this study are presented in the five tables
provided by the researchers. All data were obtained in 2024
from 10 hospitals.

Table 1 shows the total number of initial empirical
intravenous antibiotic prescriptions for the four major infections
at 10 hospitals, which was recorded in the Digital ASP e-
RASPRO tool, which reached 20,907 prescriptions during 2024.
During the first semester, about 4886 prescriptions were
documented; while in the second semester, 16,021 prescriptions
were recorded. There was an increase in the mean percentage
on the appropriateness of initial intravenous empirical antibiotic
consumption in the combined type I and II risk stratification
group from 65.1% in the first semester to 90.6% in the second
semester; while for those in the type 111 risk stratification group,
there was an increase from 63.8% in the first semester to 86.2%
in the second semester.

Table 2 shows a sharp increase in the mean DDD for
Penicillin-class antibiotics and a decrease for third-generation
Cephalosporins. The DDD  for Penicillin-class antibiotics
increased from 30,648 (7.245) to 47.879 (7.374), while the DDD
for intravenous third-generation Cephalosporins consumption
decreased from 16369 in the first semester to 13.071 in the
second  semester. There was an increase in DDD  for
aminoglycosides, Quinolone and Carbapenem, but it was not as
significant as the increase in DDD for Penicillin.

Table 3 shows a significant correlation between the
appropriateness of initial intravenous empirical antibiotic
consumption in type 1 and II risk stratification with the use of
intravenous  penicillin and  third-generation Cephalosporins.
After detrending via standardized residuals to remove linear
temporal trends, significant positive and negative correlations
persisted between the mean percentage on appropriate initial
intravenous empirical antibiotics in the combined type 1 and 1
risk stratification group and the mean DDD of intravenous
Penicillin (r=0598, 95% CI 0.021-0.873 p=0.041) and
intravenous third-generation Cephalosporins {r=-0.612, 95%
CI —0.878 to —0.044; p=0.035). For both antibiatics, the 95%
confidence intervals for raw and detrended analyses excluded
zero,  indicating that month-to-month  changes in
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af Initial Intravenous emplncal antibiotic ConsuMEtion In two groups [combingd type | and I risk stratfication growp and typa 111

group) Basad on tha digital ASF 0-RASPRO tood guideBnas for tha four major Infections batwsan tha Arst and sscond semasters In 2024 3t 10 hospitats.

Initial intravenous empirical
antibiotics for the four major

infection

Mean Percentage of
Appropriateness (x100%)

The 1st semester
January to June 2024

The 2nd semester
July to December 2024

Mean Percentage of
Appropriateness (x100%)

Tatal Prescription 4,586 16,021 20,507
Type 1+ 11 Risk Stratification 0,651 {0.302) 0.606 (0.018) -
Type 111 Risk Stratification 0.638 0.297) 0.862 (0.045) -

WValues in parentheses are standard deviations.

TABLE 2 Dascription af the mean daty dosa {DODY of Intravanous antiblotics In tha first and
second samastars foliawing the Implamantation of the dightal ASP a-RASPRO tool In 2024 at
10 hospitals.

Antibiotic class The 1st The 2nd semester

semester July to December

January to 2024

June 2024

Mean DDD Mean DDD
Penicillin 30,548 (7.245) 47.679 (7.374)
Aminoglycosides GLBOT (0.585) 5.006 (1.325)
third-generation 16365 {1.967) 13071 (1.391)
Cephalosporins
Quinclone 27.963 (2941) 31.536 (1.485)
Carbapenem 6.456 (1.893) 5619 (3.204)

Walues in parentheses are standard dewiations.

appropriateness were associated with concurrent changes in
antibiotic use independent of overall secular trends.

No significant correlation was found between the mean
percentage  on  appropriate  initial intravenous empirical
antibiotics in the combined type 1 and II risk stratification
group and the mean DDD of intravenous Quinclone, even
though the Quinolone group was used as an alternative
antibiotic for this group.

Table 4 shows an insignificant correlation between the
varizbles tested. After detrending via standardized residuals to
remove linear temporal trends, correlations between the mean
percentage on  appropriate  initial  intravenous empirical
antibiotics in the type III risk stratification group and the mean
DDD of intravenous remained non-significant and dlose to zero
for both intravenous Quinolone (r=0.081, 95% CI —0.576—
0672 p=0.825) and Carbapenem (r=—0.177, 95% CI —0.722—
0507; p =0.625).

Table 5 shows various correlations between appropriateness
on initial empirical intravenous antibiotic consumption and
DDD of antibiotics in four major infections grouped by risk
stratification. In type I +II risk stratification patients, prescribing
appropriateness was significantly positively comrelated with
intravenous Penicillin  consumption for pneumonia (n=1X
r=0.785, 95% CI 0.377-0.938; p = 0.002), urinary tract infection
and pyelonephritis (n=10; r=0654, 95% CI 0.010-0.913%
p=0040), and soft tissue infection (n=11; r=0623, 95% CI
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0.052-0.888; p=0.041). Significant inverse correlations with
Watch group antibiotics were observed for intravenous third-
generation Cephalosporins in pneumonia (n=12; r=-0.719,
95% CI —0.915 to —0.236; p=0.008), wrinary tract infection and
pyelonephritis (m=10; r=—0783, 95% CI —0.949 to —0.316;
p=0.007), and soft tissue infection (n=11; r=—0.760, 95% CI
—0.931 to —0.309; p=0.007), and for Carbapenem in intrabiliary
infection (m =9 r= —0.699, 95% CI —0.932 to —0.071; p = 0.036).

4 Discussion

The issue on the widespread use of third-generation
Cephalosporins in Indonesia has been highlighted in a previous
study (29). Other studies in Thailand and Cameroon have also
highlighted the issue of third-generation Cephalosporins
consumption being the most commonly prescribed antibiotics
(30, 31). This might be due to physician’s limited knowledge
regarding antibiotics, inadequate laboratory facilities and poor
institutional policies (31).

The WHO has documented that the third-generation
Cephalosporins fall under the Watch group. Meanwhile, as has
been explained earlier, WHO has set a target for prescribing
antibiotic from the Access category as much as =60% of total
antibiotic prescriptions. It is expected that the utilization of
digital ASP tool may improve institutional policies for
monitoring appropriate antibiotic consumption in hospitals. The
digital ASP e-RASPRO tool has been implemented at the 10
hospitals since 2022.

Table 1| shows increased prescribing of initial empirical
intravenous antibiotics that has been documented on the Digital
ASP e-RASPRO tool. This may be due to several factors, such as
an increase in the number of patients or improved compliance
with the utilization of Digital ASP e-RASPRO tool that may lead
to more physicians entering data into this digital device as a
result of socialization efforts regarding its use that have been
conducted in previous years. Table 1 also shows that the mean
percentage on the appropriateness of initial intravenous
empirical antibiotic consumption that had been increased from
the first semester to the second semester. It is followed by
Table 2, which illustrates a sharp increase in mean DDD of
intravenous Penicillin-class antibiotics categorized as Access and
a decrease in mean DDD of intravenous third-generation
Cephalosporins-class antibiotics categorized as Watch group. It
appears that there is a shift in the trend here. This may also be
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TABLE 4 Description and corratation of the maan

10.32B9/fdgth. 2026.1862829

on tha

of Inkial

empirical aniblotics In the typa Il risk stratification group based on the antiblotc

guidalings of th dighal ASP o -RASFRO tood for tha four major Infections ovarsil with tha mean DOO of Intrawanous quinclons and carbapanam In 2024 3t 10 hospltsts.

Appropriateness Quinolone Carbapenem
(x 1005
Mean DDD Mean DDD
r 0.128 -n212
95% oIt —0.54 to DLA5E —{.740 to 0450
P 0.724 0557
Detrended r* D081 -0177

95% CI Detrended *

—0.576 to 0672 —0.722 o 0.507

Detrended p* 0.825 0625
| January | - I s 783
| Fehruary | 0.2500 I 3007 5.49
March - [ [ 775 [ [ 487 |
April 0.5625 2583 585
May | 08580 | 706 621
Jumne | 0.8831 I 2447 449
Tuly 0.8826 3103 511
| August | 0.B628 I 3424 | | 10,70
September | 0.8284 I 2891 1085
October 05078 [ [ 3164 [ [ 1063 |
Navember 0.8554 3175 10,30
| December | 05360 [ | 3065 | | 393

7, Pearson correlation coefficient; I, canfidence istervak; p, two-tailed nominal p-valise. 95% C1 calculated via Fisker 7 transformatian: 7 = 0.5 x a[{1 + i{I-)]; SE= Ly/fn—3) = 0333
5% CI for Z = 7 £ 1.96 SE; back-transfarmed to r. Carmputed using SPSS 29 CORRELATIONS/PRINT = TWOTAIL NOSIG CI (95). Detrended r= Pearson correlation of standardized
resiciuals [ZRESID) fram separate linear regressions of cach variable on sequential manth [1-12), SPSS v29 REGRESSION/SAVE ZRESID. Correlation analysis was based on monthly
aggregate not individisal iptions. Missing data for January and March was due to administrative ismes during data sarting, which suggested 2 lack of data purity.
Thesefare, it was decided to exclsde data for thase months. Number of monthly abservations correlated with DDD = 10 months. No adjustment for musltiple comparisans was applisd
All analyses are explosatory.

*Assisted by artificial Intelligence with data input and analysis were verified by the authars supported by statistician.

due to the socialization or awareness campaigns regarding the
utilization of the tool that have been conducted in previous
years that are associated with the WHO AWaRe initiatives.

The shift in prescribing trends toward antibiotics to the Access
group (intravenous Penicillin) appears to be gaining momentum;
however, there has also been increased consumption in other
antibiotics classified as the Watch group, namely the intravenous
Quinolone and Carbapenem classes. Regarding the increased
antibiotic consumption, intravenous Quinolone and Carbapenem
should be considered along with other biases such as increased
number of patients in the 2nd semester, an increase in the number
of patients classified in type 101 risk stratification group, or an
increase in the number of patients with infections who are excluded
from those with the four major infections, as well as an increase in
the number of physicians prescribing intravenous Quinolones as an
alternative antibiotic across all three stratification groups.

According to the antibiotic guideline in the Digital ASP e-RASPRO
tool developed for the 10 hospitals, antibiotics from the Access group of
the Penicillin class — such as Ampicillin Sulbactam and Amoxicillin
Clavulanate in combination with Amikacin or Gentamicin—are
indeed designated as antibiotics for patients in type I and 11 risk
stratification groups. A previous study conducted at three hospitals
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in Indonesia found that more than 80% of patients fell into type
I risk stratification group (32). If the same pattern holds true in this
study, it could stll influence a shift in antibiotic prescribing trends,
particularly from the Watch Category to the Access Category.

According to the antibiotic guideline in the Digital ASP e-
RASPRO tool, patients classified in the type I risk stratification
group are empirically recommended to receive antibiotics from the
Penicillin class (Ampicillin-Sulbactam or Amoxicillin-Clavulanate)
with or without a combination of Aminoglycoside, namely
Amikacin or Gentamicin. The intravenous  third-generation
Cephalosporins have been intentionally excluded from the list of
antibiotics for patients in the type I risk stratification group in order
to prevent a surge in prescriptions for intravenous third-generation
Cephalosporins, which are classified as Watch Category antibiotics.

For the type II risk stratification group, empirical treatment
puidelines recommend administering antibiotics from the Access
Category of the Penicillin Class—specifically Ampicillin Sulbactam
or Amoxicillin Clavulanate— which must be used in combination
with an Aminoglycoside, such as Amikacin or Gentamicin. This
combination is wsed as a Carbapenem Sparing Agent, as agreed
upon by peer experts from the ten hospitals, to treat patient groups
at higher risk of ESBL infections.
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The agreed-upon antibiotic guidelines in the Digital ASP e-
RASPRO tool has suggested that Carbapenem antibiotics should
not be used empirically for patients in the type II risk
stratification group (patients at risk for ESBL infections), with
the aim of preventing a surge in empirical carbapenem
prescriptions in daily practice.

Meanwhile, the Quinolone class antibiotic is still considerad
appropriate to be used as an alternative empirical treatment in
all risk stratification groups, particularly in case of beta-lactam
allergy or based on other clinical considerations. Since the same
empirical antibiotics are used in both risk stratification groups,
in Table 3 we have combined type I and II risk stratification
group and correlated them with the mean DDD of each
antibiotic class.

Table 3 The persistence of significant detrended correlations
between the mean percentage on appropriate initial intravenous
empirical antibiotics in the combined type 1 and II risk
stratification group and the mean DDD of intravenous Penicillin
(r=0.598, 55% CI 0.021-0.873; p = 0.041) and intravenous third-
generation  Cephalosporins  (r=—0612, 9% CI —0878 to
—0.044; p=0035) provides robust evidence that e-RASPRO
implementation is correlated with trend shifting from Watch to
Access antibiotics beyond general time trends. The consistency
of significant associations before and after detrending, with
confidence intervals excluding trivial effects, indicates that e-
RASPRO is associated with meaningful shifts toward WHO
AWaRe-aligned prescribing behavior. Patient-level interrupted
time-series analyses are warranted to confirm individual-level
mechanisms. This study did not calculate the number of
patients in each of the risk stratification groups (type 1, II, and
101} however, a previous study conducted at three hospitals in
Indonesia using the Digital ASP e-RASPRO tool supgests that
the number of patients in type I risk stratification group was
significantly higher than those in type II and II risk
stratification groups (32). If the same pattern occurs in this
study, then the appropriateness of early intravenous empirical
antibiotic consumption in type I risk stratification group will
likely to have a greater influence on the correlation of the mean
DDD»  of intravenous Penicillin -~ with  third-generation
Cephalosporins antibiotics compared to those in type II risk
stratification group.

The lack of a significant positive correlation between the mean
percentage on the appropriateness of initial intravenous empirical
antibiotic consumption in the combined type I and II risk
stratification group for the four major infections and the mean
DDD of Aminoglycoside antibiotics (r=0.184, 95% CI —0.439—
0.68%; p=0.568) may exist due to the fact that Aminoglycoside
antibiotics has not been the preferred antibiotic of choice for
physicians in daily clinical practice compared to penicillin
antibiotics. In addition, Quinolone and Carbapenem are
classified as Watch group antibiotics, in which a significant
negative correlation is also expected. The Quinolone class can
still be considered empirically appropriate for patients in type
T and 11 risk stratification groups; however, its role has been
marginalized as alternative antibiotic treatment.

The absence of a significant negative correlation between the
mean percentage on the appropriateness of early intravenous
empirical antibiotic consumption in the combined type I and 1T
risk stratification group for the four major infections and the

Frontiers in Digital Health

10.33B9/fdgth. 2026.1B6 2829

mean DDD of intravenous Quinolone antibiotics may be due to
the fact that some physicians still consider prescribing
intravenous Quinolone antibiotics as an alternative for patients
classified in the combined type 1 and II risk stratification group
based on specific clinical considerations, which can actually still
be considered appropriate for them. However, the likelihood of
using antibiotics from the intravenous Quinolone class here is
not as high as that of those the intravenous Penicillin class.
These findings may also indicate that the Penicillin dass is the
preferred class of antibiotics compared to the Quinolone class.

The consumption of intravenous Quinolone antibiotics for
patients in type I risk stratification group, as well as the
frequent switching of empirical antibiotic treatment or the
switch into definitive antibiotic treatment using antibiotics from
Quinolone class, may also be considered as potential causes that
warrant further investigation. It may affect the mean DDD of
quinolone antibiotics and influence the correlation among
variables. Another possible reason for these results is the high
number of cases of infections other than the ‘major four' that
are treated with Quinolone. Indonesia is a tropical country with
many cases of typhoid fever or salmonellosis, for which the
quinolone class is known as the primary empirical antibiotic of
choice. These factors should be considered as potential
influences on the mean DDD of Quinolone antibiotics.

The absence of a significant negative correlation between the
mean percentage on the appropriateness of initial intravenous
empirical antibiotic consumption in the combined type I and 11
risk stratification group for the four major infections and the
mean DDD of Carbapenem-class antibiotics may also be
influenced by the empirical carbapenem-class antibiotics
consumption for patients in type III risk stratification group or
other factors. Other reasons also need to be considered, such as
the large number of clinicians prescribing  carbapenem
antibiotics based on culture results. However, more
comprehensive research is needed to understand this more dearly.

Table 4 describes the correlation between the mean percentage
on the appropriateness initial intravenous empirical antibiotic
consumption in type 111 risk stratification group for the four
major infections and the mean DDD of intravenous Quinolone
and Carbapenem antibiotics. As  previously explained,
Carbapenem-class antibiotics, with or without combination
therapy with Aminoglycoside-class  antibiotics, are the
recommended intravenous empirical antibiotic treatment in
antibiotic guidelines mentioned the Digital ASP e-RASPRO tool
for patients in the type III risk stratification group. Meanwhile,
Quinolone-class antibiotics are used as alternative empirical
antibiotic treatment in cases of Carbapenem allergy or based on
other clinical considerations. Actually, these findings do not
indicate 2 significant positive correlation  between  the
appropriateness of initial intravenous empirical antibiotic
consumption in type 11l risk stratification group for the four
major infections and the mean DDD of intravenous Quinolone
(r=0.081, 95% CI -0576-0.672; p=0825) and Carbapenem
(r=—0.177, 95% CI —0.722-0.507; p = 0.625).

The utilization of Quinolone-class antibiotics in this group is
still considered appropriate, even though Quinolone are
considered as alternative antibiotics in this risk stratification
group. Various analyses of other possibilities also need to be
conducted, such as the potential use of quinolones in type I and
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11 risk stratification groups as alternative antibiotic treatment or
other factors that could affect the mean DDD of intravenous
Quinolone.

A previous study using the Digital ASP e-RASPRO tool at
three hospitals in Indonesia over a three-month period has
shown that only about 14% of patients fall into type I risk
stratification group 11 (32). If this were also the case in this
study, then the number of patients requiring carbapenem-class
antibiotics as initial empirical intravenous treatment would
actually be quite small. This could certainly be a factor that may
affect mean DDD of Carbapenem-class antibiotics. However,
this certainly requires further research. However, it turns out
that no significant correlation was found between the mean
percentage on the appropriateness initial intravenous empirical
antibiotic consumption in type III risk stratification group for
the four major infections and the mean DDD of intravenous
Quinolone  and  Carbapenem  antibiotics, although  the
recommended antibiotic in this group of risk stratification is
Carbapenem.

Table 5 provides robust statistical evidence that e-RASPRO
implementation was correlated with shifting from Watch to
Access antibiotics in infections where the shifting is guideline-
concordant.  The significant inverse correlation between the
mean percentage on appropriate initial intravenous empirical
antibiotics in the type I and II risk stratification group and the
mean DDD of intravenous Carbapenem for intrabiliary infection
(n=9; r=—0699, 95% CI —0.932 to —0.071; p=0.036) reflects
baseline empiric carbapenem use for type I and II risk
stratification for intrabiliary infection was successfully de-
escalated post e-RASPRO tool puidance.

In contrast, the mean percentage on the appropriateness of
initial intravenous empirical antibiotics in the combined type
1 and II risk stratification group for intrabiliary infection was
not correlated with the mean DDD of intravenous Penicillin and
intravenous third-generation Cephalosporins; In this regard,
various possibilities should be evaluated further.

In the pneumonia, urinary tract infection and pyelonephritis
and soft tissue infection groups, there was a similar pattern to
that described in Table 3. The results showed a significant
positive correlation between suitability in type I and 1T risk
stratification with DDD intravenous Penicillin and a significant
negative correlation between suitability in type I and 1T risk
stratification  with DDD  intravenous  third-generation
Cephalosporins.

In this manuscript, the DDD results may reflect broader
hospital antibiotic use, including definitive therapy,
subsequent antibiotic changes, and infections outside the
four selected infection groups. This means the findings
should remain exploratory and non-causal. Further
investigation is also necessary regarding how many cases
that need continuation of initial intravenous empirical
antibiotics treatment to achieve patient recovery, or the
treatment should be continued based on culture results,
which would indicate that the initial intravenous empirical
antibiotics administered are indeed effective in treating the
patient. Certainly, such factors may also explain the
correlation  between the appropriateness of  initial
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intravenous empirical antibiotic consumption and the mean
DDD of antibiotics. This study does not control for several
confounding factors, including patient volume, risk
stratification  distribution, case mix of infections, and
infections other than the four major infections. Results
must be interpreted cautiously. The analysis utilized
12-month aggregated data per infection type, and the
potential for temporal confounding within each subgroup
cannot be excluded, as demonstrated in the overall time-
series sensitivity analysis. Therefore, these correlations
should be considered hypothesis-generating rather than
confirmatory of a causal relationship between e-RASPRO-
guided appropriateness and  antibiotic  consumption
patterns.  Further research uwsing more comprehensive
methods is needed to establish causal relationships.

However, with these preliminary results, it is hoped that the
utilization of the Digital ASP e-RASPRO tool can be an
innovation in order antimicrobial stewardship program. Digital
health technologies that can optimize the consumption of
antimicrobial agents and can minimize the impact of healthcare
on  antimicrobial resistance have the potential to support
development and utilization of high-quality data, which are
highly beneficial for clinical management and improvement of
decision-making (33).

5 Conclusion

Use of the e-RASPRO as a digital antimicrobial stewardship
tool was correlated with increased intravenous Penicillin
consumption and decreased third-generation Cephalosporins
consumption. For patients stratified as risk types I and II,
compliance was  significantly  correlated  positively  with
intravenous Penicillin DDD and negatively with intravenous
third-generation Cephalosporins DDD in pneumonia, urinary
tract infections and pyelonephritis, and soft tissue infections.
Further research using more comprehensive methods is needed
to establish a causal relationship.
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The appropriateness of initial
intravenous empirical antibiotic
consumption guided by digital
antimicrobial stewardship tool: a
correlation with the usage of
antibiotics from the access and
watch groups in ten Indonesian
hospitals

Ronald Irwanto Natadidjaja”*™, Widyawati Lekok™,
Triyoko Septia Marja®, Hadianti Adlani***, Aziza Ariyani’,
Sri Mulyani’, Siti Rahmah’, Raymond Adianto’, Yenny Yenny™,

Meutia Atika Faradilla” and Jihan Samira®™

Syarif Hidayatullah, Banten, [

Background: RASFRO Indonesia Study Group for Antimicrobial Stewardship B
Resistance has developed a digital antimicrobial stewardship (ASF| tool known
a5 the =-RASPRO. which may prowide a guideling for clical decision on
antitiotic prescribing for bactenal infection cases by integrating the WHO
AWaRe (Access, Watch, Reservel classification.

Methods: A multicenter retrospective corrzlational study was conducted using
aggregated monthly hospital antibiotic prescrbing data. A correlation test was
conducted between the mean percentage on the appropriateness of initial
intravenous empirical antibictic consumption and the mean Defined Daily
Dose (DOD) of antibiatics within & year (January to December 2024} in 10
Indonesian hospitals after the socialization of e-RASPRO tool between 2022
and 2024 in four maﬁnfectlons.

Results: Thers was ignificant positive correlation between the mean of
percentages on appropriateness of initial intravenous empincal antibiotic
consumption in type | risk stratification guided by e-RASPRO tool and the
mean DOFJI00 patient-days of intravenous Penicillin as Access group
antibiotic {r= 0598, 95% Cl 0.021-0873; p= 0.041} and a significant negative
corelation with the mean DDD/LO0 patient-days of [Mhtravenous third-
generation Cephalosporins as Watch group antibiotic -0.612, 95% Cl
—0.878 to —0.044; p = 0.035} after removed linear temporal trends.
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Conclusion:

Appropriaten of
consumption in type | and

10.3385dgth.2026 166282 %

initigl  intravenous  empincal  antibiotic
risk stratification guided by e-RASPRO tool was

correlated with increased consumption of Penicilin as an Access group

antibiotic and decreased consumption of third-generation
‘Watch group antibiotic. This study did not describe a causal

phalosparing as &
tionship between

the use of the e-RASPRO tool and antibiotic consumption in the hospital.

HEVWORDS
antibiotic,
stewardship

1 Introduction

Waorld Health Qrganization ﬁﬂ] has classified antibiotics
into Access, Watch, and Reserve categories. It is expected that the
target of antibiotic prescribing from the Access group in various
countries may reach at least 60% (1, 2} Supports from hospital
management, human resources and other supporting tools are
absolutely necessary in order to achieve the WHO target. The

appropriateness,

defined daily dose, digital, empirical  intravenous,

as various considerations that have been evaluated through peer
expert review at the hospital By implenenting the tool, it is
expected that it can serve as one of modalities o provde 2
guideline for dinicians as well as monitoring, evaluating and
reporting on the administration of prophylactic, empirical, and
definitive antibiotics. The Digital ASP ¢-RASPRO tool can alse
facilitate on-site consultations between doctors, pharmacists and
the hospital's ASP team oordinate the conduct of prospective

implementation of the digital Antimicobial Iship (ASF)
may provide good results on the prescribing of antimicrobial
agents and it may reduce Defined Daily Dose (DDDY) of
antibiotics; however, the app digital model has yet to be
determined (3-5). The WHO Access, Watch, Reserve [AWaRe)
dassification can be used as a guideline in consuming
antimicrobial agents (6). Based on the current regulation in
Indonesia, antibiotics from the Access category can be prescribed
without any pre-authorization although appropriate indication
would be necessaryy while those from the Watch and Reserve
groups must be given based on pre-authorization and supervision
by the .v\n'nicruhia] Stewardship team, infection  control
consultants and the hospital's Antimicrobial Resistance Control
Committee (ARCC) (7). On the other hand, the management and
technology  of  antimiciobial  prescribing, as well as  the
implementation and operational monitoring on the consumption

ntimicrobial agents, are often overlooked a part of disparities
mn development of National Action Plans (NAPs) (3).

A small-scale survey conducted in 2019, which involved 156
hospital respondents i Indonesia, found that 114 respondents
reported that they had not implemented antimicrobial resistance
control measures in their hospitals, largely due to the lack of a
dear management framework for implementing such measures
(9). Another larger survey conducted in Iran from 2002 to 2023
reported  that 63% of antibiotics prescribed o
belonged to the WHO Watch calegory (10} The RO
Indenesia  Study Group for Antimicrobial Stewardship &
Resistance views this as a gap in management, antimicrobial
prescribing  technelogy, implementation  and
operational  monitoring  that could lead 1o the failure 1w
implement the ASP in a hospital in |

aticnts

as well as

nesia.

In order to narrow the gap, the SPRO Indonesia Study
Group for Antimicrobial Stewardship and Resistance has
developed a Digital ASP tool known as the e-RASPRO, which
features digital antibiotic guidelines that dassify patients into
Types L 1, and 111 risk stratification based on severity, immune
status and medical history. The tool has also integrated the
WHO AWaRe antibiotic classification by considering local
microerganism pattern (if it is available at the hospital) as well

Fromtiers in Digital Health

pre-authoriztion audits regarding antibiotic use in the hospital.
This smdy is expected to serve as a preliminary study
imvolving mwultiple hospitals with a  substantial volume of
prescriptions. It aims to examine the correlation between the
mean percentage of appropriate initial intravenous empirical
antibiotic use, based on the Antibiotic Guidelines of the Digital
Antimicrobial Stewardship Program (ASP) :-RASPRE% for
four major infections  {intra-abdominal  biliary iom,
pneumonia, urinary tract i , and skin and soft tissue
infection), and the mean Defined Daily Dose (DDD) of
intravenous  antibiotics from the WHO Access and Walch
categories in 2024 across 10 hospitals. We hypothesize that a
higher rate of concordance with empirical prescribing guidelines
for initial intravenous antibiotics in these four major infections
will be associated with increased consumption of Access
antibiotics and decreased comsumption of Watch antibiotics,
Nevertheless, we recognize that this study has not clearly
explained the cause-and-effect relationship and remains limited
to the use of initial intravenous empirical antibiotics, which is

associated with antibiotic DDD within a year period of time,

2 Methods

2.1 Early socialization on implementing
digital antimicrobial stewardship e-RASPRO
tool

Socialization and training program on the Digital ASP e
RASPRO tool was conducted gradually by implementing the
digital guidelines for empirical antibiotic therapy at 10 hospitals
in Indonesia from 2022 to 2024. The Digital ASP e-RASPRO
tool would guide dinicians in deciding on the administration of
empirical antibiotics and  help  hospitals to  monitor  the
appropriateness of the administered antibiotics whether it had
been complied with current guidelines.

At these ten hospitals, the digital guidelines for empirical
antibiotic therapy outlined in the Digital ASP e-RASPRO ol
had been implemented, as agreed upon through peer expert

frentiersnorg
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reviews at each hospital. In this setting, patients with bacterial
infections who would receive empirical antibiotics and would be
admitted to an inpatient ward were divided into three risk
stratification groups based on their disease severity, immune
status, and medical history (5, 11}

- Type [ sk stratification group is 2 group of patients with
mild bacterial infections, whether immunocompetent or
immunocorfPomised, whose infections do not meet the

criteria for Type I 321 I risk stratification groups: in

other words, they are at lower risk of infection with
multidrug -resistant (MDR) bacteria.

Based on the digital guidelines for empirical antibiotic
therapy approved through peer expert review by each
hospital, in the e-RASFRO tool, this group may receive
empirical antibiotics from the Access category, such as
Amoxicillin Clavulanate, Ampicillin Sulbactam [ Penicillin
dags - Access) with or without a combination
Amikacin/Gentamicin (Aminoglycoside class - Access). In
this risk stratification group, the Quinolone group, which
falls under the Watch category, is used in cases of beta-
lactam
Type 1l

gy or based on specific clinical considerations.
stratification group 1s 2 group of patients with
bacterial infection with the following characteristics:
:Hmlmommpmmisnd ANT/OR uncontrolled diabetes
mellitus) + (history of antibiotic use within <90 days
ANDJOR history of hospitalization at ¢ lthcare facility
for 48 b or more (= 45 h) but less than days ago (< 50
days) AND/OR history of medical device use within =90
days agn). The group of patients with such characeristics
are at risk for infection by MDR baceria—Extended-
Spectrum Beta-Lactamases (ESBLs) (11-17). This group
patients may be prescribed anti-ESBL antibioties from
the Access — Watch category. Based on the digital
puidelines for empirical antibiotic therpy approved
through peer expert review by each hospital, m the -
RASPRO tool, this group may receive empiric antibiotic
treatment of Carbapenem Sparing Agent in order w
eradicate ESBLs invelving the Access antibiotics ie., the
combination  of  Ampidllin  Sulbactam/Amoxicillin
Clavulanate (Penicillin class - Access) mugt be combined
with  Amikacin/Gentamicin  {Aminoglycosides  class
Access), In this risk stratification group, the Quinolene
group, which falls under the Watch category, 15 used n
cases of betalactam  allergy or based on  specific
Fliml considerations.
ype 1 risk stratification group is a group of patients
severe/threatening  bacterial  infection  AND/OR
E:‘Jts with Healthcare Associated Infections (HAITs)
JOR ((Immunocompromised AND/OR uncontrolled
diabetes mellitus) + (history of antibiotic use of <30 days
agn AMDVOR history of hospitalization at a h care
facility for 48 h or more (= 46 h) but less than days
ago (£ 30 days) ANDJOR history of medical device use
within <30 days ago). This group of patients with these
characteristics is at high risk of mortality and is also at
risk of mﬁq:] by ESBL bacteria and other multidrug-
resistant  pathogens, such  as  methicillin-resistant
Staphylococens (MRSA),  multidrug-resistant

ANTELS
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Psendomonas spp., and others (11, 18-28). Based on the
digital ~ guidelines  for  empirical antibiotic  therapy
approved by peer experts at each hospital using the e
RASPRO wol, this group may receive antibiotics in the
‘Watch' category, with or without combination therapy
using antibiotics in the ‘Access’ category: Meropenem/
Imipenem/Doripenem (Carbapenem class -Watch) with
or without a combination of Amikacin/Gentamicin
[Aminoglycoside class -Access). In cases of suspected
MRSA  infection,  anti-MRSA  antibiotics
administered. The use of these antibiotics must undergo a
pre-authorization process and prospective audit by the
hospital's ASP Team. In this risk stratification group,
Quinolone group, which falls under the “Watch™ category,
are used in cases of carbapenem allergy or based on
specific clinical considerations.

may be

The Digital ASP e-RASPRO tool would notify  doctors,
pharmacists, and nurses regarding the category of antibiotics to
be administered (Access, Watch, or Reserve), In accordance with
national regulations in Indonesia, if the antibiotic to be used is
categorized as Watch or Reserve, the pharmacy is required to
consult with the hospital's ASP  team, mnfechon conlrol
consultant, and  hospital  ARCC for  pre-authorization  and
prospective audit.

The Digital ASP e-RASPRO tool could be used to guide the
selection of initial empirical antibiotics, guide subsequent
changes or additions to empirical antibiotic therapy (if
necessary), record definitive antibiotic therapy, guide the use of
prophylactic antibiotics, issue notifications regarding profonged
antibiotic vse, and provide physician notes for difficult-to-treat
bﬂ&tﬁfla] Illl‘fL'LiUl\ cases rEqulrll\H I:Dmpn:he:usn'r discussion.
However, in the flowchart below, we have limited the scope to
the system that guides physicians in determining the use of
initial empirical antibictics.

The following is a screenshot from the Digital ASP e-RASPRO
tond showing the workflow for determining the use of initial
empirical antibiotics {the first empirical antibiotics prescribed by
a dector when a patient is admitted to the hospital), using the
digital empirical antibiotic gnidelines on this device (5).

The Dugital ASP ¢-RASPRO toel 15 designed to gude and
monitor physicians in prescribing antibiotics. Figure 1 shows
boxes that can be selected by physicians for amtibiotic use in
daily practice for hospitalized patients. Box (A} was referred to
as the RASAL Box This box must be checked when the doctor
decided to administer initial empirical antibiotics (intravenous
or oral). The initial empirical antibiotic was the first antibiotic
decided by the docor to administer for a patient upon
admission to the inpatient ward, Box [B) was referred to as the
RASLAM Box This box must be checked when the
decided to change the empirical antibiotic regimen during
treatment, if necessary. The RASLAN box could be used as a
guide for escalating (step-up) or de-escalating (step down)
antibiotic treatment based on digital empirical guidelines and
the dactor’s clinical observations.

Baox (C) was referred to as the RASPRAJA Box. This box must
be chedeed and filled out when a doctor deaded that there were
spedific indications requiring prolenged antibiotic administration
(whether empirical or definitive). If antibiotic vse exceeds a

doctor
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certain duration and the doctor failed 1w check the RASPRAJA
Box, the hospital may issue an Automatic Stop Order (ASO).

Bux (D} was called the RASPATUR Box. This box must be
checked when a doctor prescribed a definitive antibiotic. Box
(E} was called the RASGHASI Box. This bhox can be checked
when 2 dector would repert difficult-to-treat bacterial infection
ases, in which the patient had already received mulliple
dhanges of antibiotic treatment. When the RASGRAS] Box was
dicked, a notification would be sent to the pharmacist, and the
difficult case could be submitted for a collaborative case review
involving the Hospital's ARCC. Bex (F) was called the
e-Prophylaxis Box, which could be used to guide doctors in the
administering prophylactic antibiotic.

After the doctar clicked the RASAL box (A) in Figure 1, the
screen advanced to the next phase, as shown in Figure 2.
Figure 2 illustrates how the Digital ASP e-RASPRO tool guided
the physician in  administering  initi mpirical antibiotics
(intravenous or oral) when a patient was admitted to the hospital

The doctor could input data about the patient’s condition based
on current clinical observations, including: (1) Severity of illness of
the patient’s infectious disease (Sepsis/Non-Sepsis, Febrile
NewtropeniaHealthcare- Associated  Infections/Life-Threatening
Organ Perforation/Encephalopathy associated with severe bacterial
infection, (2) status (immumocompetent/
immunecompromi (3) The patient’s medical history over the
past 30 or 90 days (Ristory of antibiotic consumption, history of
hospitalization, and history of medical deviee use). the Digital
ASP e-RASPRO tool would provide doctors with information
regarding patient risk stratification in accordance with the various
academic dtations previously dted (G).

After that, the doctor could continue this workflow by dicking
on the patient’s site of bacterial infection (H). The digital
empirical antibiotic guide would provide initial empirical

Immune
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antibiotic options that could be administered to the patient
based on the patient's risk stmtification. The empirical antibiotic
puide was customized according to the guideline that had been
agreed upon through a peer expert review at each hospital (1.
The doctor could then select the initial empirical antibiotic,
along with the dosage, frequency of administration, and route of
administration. Through this screen, the dodor would alse
immediately receive information on whether the prescribed
antibiotic fell under the Access, Watch, or Reserve category ().

After the doctor submitted the mitial empirical antibiotic
prescription as shown in Figure 2, the workflow in this system
would forward it to the pharmacist for review.

Figure 3 shows the pharmacist’s screen, which was used to
review the prescribed antibiotics. Through this screen, the
pharmacist would be informed of various details, including: (1}
Site of infection, (2) Patient sk stratification, (3) Appropriateness
of antibiotic prescription based on the digital empirical guidelines
[by clicking the 'Guide’ button), (4) Type of antibiotic that had
been administered, antibiotic category {Access/Watch/Reserve),
(5} Dose, frequency and route of administration.

Pharmacists could click the phone seon in the upper-right
corner to consult with the hospital's ASP Team on-site if the
prescribed antibiotics did not comply with the guidelines AND/
OR if the prescribed antibiotics fell under the Watch or Reserve
categories. If no agreement had been reached regarding the use
of antibiotics among the pharmacist, the hospital's ASP team,
and the physician, but the antibiotics must be dispensed
immediately for patient safety reasons, the pharmacist may 1ssue
a special notification through this system. These notifications
could then be submitted to hospital management every three to
six months {semester) to scrve as a basis for cvaluation and
to determine future policies regarding the prudent use
of antibiotics.
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Once the pharmacist had completed the assessment of the
initial empirical antibiotic prescription as shown in Figure 3, the
pharmacist could submut the assessment and the workflow on
the system would forward it 1o the nurse so that they could also
monitor antibintic use.

Figure 4 shows the nurse’s screen, in which the nurse
could access various pieces of information, namely: (1) the
site of the patient’s infection, (2) the patient’s risk
stratification, (3} the appropriateness of  antibiotic
prescription according to the digital empirical guidelines
(by clicking the ‘Guide' button}, (4) the type of

Frantiers in Digital Health

antibiotic that had been administered and the antibiotic
category (Access/Watch/Reservel, (5} The dose, frequency
and route of admimstration of antibiotics. Nurses and
pharmacists could also monitor how many  days the
antibiotics were administered. If a doctor prescribed long-
term antibiotics, the nurse andfor pharmacist could remind
the doctor to document the indication for long-term
antibiotic use in the RASPRAJA Box (Figure 1F), because
if the indication had not been cdearly
through that box, the hospital might enforce Automatic
Stop Order (ASO).

documented
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2.2 Obtaining and analyzing data

This was a multicenter retmspective correlational study using
aggregated monthly hospital antibiotic preseribing data. The data
were retrospectively collected from inpatient units at 10 hospitals
between January and December 2024 using the Digital
Antimicrobial Stewardship Program (ASP) e-EASPRO wol. The
inclusion  criteria  comprised initial intravenous empirical
antibiotics prescribed for all inpatients, both adult and pediatric,
including ICU patients, for four major infections. The use of
anpirical combination therapy initiation was included in the
aalculation and was declared appropriate if the combination
therapy was in accordance with the antibiotic guidelines in e-
RASPRO. In accordance with the swudy title and primary
objective, change of antibiotic from the initial antibiotic or a
change of antibiotic to the defimtive antibiotic that occurred
during hospitalization were excluded, The same empirical
antibiotic guideline was in effect at all 10 hospitals, as agreed
upon by cach hospital’s peer expert review committee. Data

were refrieved i early 2025, which included the following;:

1. Percentage of Appropriate Use of Initial Empirical
Intravenvus Antibiotics (the first empirical intravenous
antibiotic administered upon a patient’s admission to the
inpatient ward) for the four most common infections (the
mm:ujor' nfections),  ie. Intmbiliary Infections,

onia, Urinary Tract Infection and Pyelonephritis,
and Soft Tissue Infection at 10 hospitals between January
and December 2024,

The four major infections selected were those that deemed o he
highly prevalent in the 10 hosps which had been studied
during 2024, The consumption of a single mitial intravenous

empirical antibiotic was categorized as appropriate if it complied
with the guidelines in the Digital ASP e-RASPRO tool. The use
of a combination of initial ntravenous empirical antibiotics was
categorized as appropriate if both complied with the guideline
in the Digital ASP ¢-RASPRO tool

(1} Mean DDD of Intravencus Antibiotics. In accordance
with Indonesian national regulations, DDD refers to the
Defined Daily Dose/100 patient-days, hereafter termed
DD DD [ 100 patieat days =

Total Antibiatic Used jgram) [ WHE DI

= 100,

Tarkal Legih ot Sy (LLVS]

Data about mean DDD for the five largest classes of intravenous
antibiotics were collected and calculated from 10 hospitals,
specifically  for  the Group i and
Aminoglycosides) and  the Waich  Group  (third-generation
Cephalosporins, Quinolone, and Carbapenem group) between
January and December 2024 to observe the trends of antibiotic
consumption during that year.

Afterwards, the percentage on the appropriateness of initial
intravenous empirical antibiotic consumption based on the
digital antibiotic guidelines was described according to patient
risk stratification groups for the 4 major infections, as well as
the muean of the
between the semester (January to June 2024} and Znd
semester (July to December 2024) during the implementation of

mlers in Crigital Health

Access {Penicilling

five classes imtravenous antiblotics
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the Digital ASP «-RASPRO tol A correlation analysis was
conducted between the mean percentage on the appropriateness
of initial empirical i ion hased on
the digital antibiotic guiddines for the 4 major infections and
the mean DI of intravenous antibiotics in 2024,

All patient-level identifiers were removed and anonymized
before  apgrepation  and  analysis  were  performed. Data
processing, discussions, and various verifications were conducted
2025 The appropriateness of
intravenous empirical antibiotics consumption and the DDD of
intravenous antibiotics were verified by pharmacists from each
hospital using the Digital ASP e-RASPRO tool. Al data
extracted from the Digital ASP ¢-RASFRO tool was then re-
verified by the ARCC and peer experts from the ten hospitals,
Data analysis and manuscript writing began in early 2026 under
the supervision of the various parties invelved in this study.

from mid- to late initial

3% Results

ﬂ results of this study are presented in the five tables
provided by the rescarchers. All data were obtained in 2024
from 10 hospitals.

Table 1 shows the total number of initial empirical
imtravenous antibiotic prescriptions for the four major infections.
ab W hospitals, which was recorded in the Digital ASP e
RASPRO tool, which reached 20,907 prescriptions during 2024
During the frst semester, about 4886 prescriptions  were
documented; while in the second semester, 16,021 prescriptions
were recorded. There was an increase in the mean percentage
on the appropriateness of initial intravenous empirical antibiotic
consumption in the combined type I and IT sk stratification
group from 65.1% m th
semester; while for those I the type 11l risk stratification group,
there was an increase from 63,8% i the first semester Lo 86.2%
in the second semester.

Tahle 2
Penicillin-class antibiotics and a decrease for third-generation
Cephalosporins,  The DDD for  Penicillin-class  antibiotics
increased from 30.64% (7.245) to 47.879 {7.374), while the DDD
for intravenous third-generation Cephalosporing consumption
decreased from 16.36% in the fist smester to 13071 in the
second  semester, There was  an  increase in DD for
aminoglycosides, Quinolone and Carbapenem, but it was not as
slgﬂnl as the increase in DDD for Penicillin.

able 3 shows a significant correlation between the
appropriateness  of imitial intravenous  emp: antibiotic
consumption in iype I and II risk siratification With the use of
intravenous  penicillin_ and  third-generation  Cephalosporins.
After detrending via standardized residuals to remove linear
temporal trends, significant positive and negative correlations
persisted between the mean percentage on appropriate initial
imtravenous empirical antibiotics in the combined type T and [T
risk sLﬁtlﬁGDn group and the mean DDD of intravenous
Penicillin  (r=0598, 95% CI 0.021-0873; PR=0.041) and
intravenous  third-generation Cephalosporins P 0.612, 95%
Cl -0.878 to =0.044; p=0035). For both antibiotics, the 95%
confidence intervals for raw and detrended analyses excluded
that

st semesler to 90.6% in the second

shows a sharp increase in the mean DDD for

zero,  indicating month-to-menth  changes  in
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TRELE 1 Daacriphion on mmn percerisge of sppocpris s of | nkisl idroenous smpidcal antibiolc conumption i bwe groups kcomined type | and 1| dik sbratifcation group and trpe 1

grmupl based on the digtal ASP o-RASPRO tool guidelines for the four major infections between the first and second semesters in 2024 st 10 hospials

four major

infection

entage of

Appropriateness (x100
Total Prescription 4886 16021 257
Type [+11 Risk Stratification 4651 [0.302) 0.906 (0018}
Type 11 Risk Stratification 0638 (0.297) 0862 (0045}

Values in parentheses are standard deviations

TAELE ¥ hx-in(mﬂa |Mllu ot [DDO] of |niraveno s antis otics in the first 2nd
second semesters ing the mplementation of e digty ASF e AASPRO tool in 2 024 at
10 hospilals

The 2nd semester
July to D

ic class

Mean DDD

Mean DDD

Penicillin 30648 (7.245) A7ETO (7374}
Aminoglycosides 9.807 (0.585) 9506 (1.325}
third- gene ratian 16, 36% (1957} 13071 (13910}
Cephalosporing

Quinekone 27963 (2841} 31536 (1.485)
Carbapenem 6456 (1 463} REl4 (3204}

WValues in parentheses are sandard deviations.

appropriateness were  associated with concurrent changes in
antibiotic use independent of overall secular trends.

No significant correlation was found between the mean
percentage  on  appropriate  initial  intravenous  empirical
antibiotics in the combined type I and II risk stratification
group and the mean DDD of intravenous Quinolone, even
though the Quinolone group was used as an  alternative
antibiotic for this group.

Table 4 shows an insignificant correlation between the
variables tested. After detrending via standardized residuals to
remove linear temporal trends, correlations between the mean
pt:rl:rmagtam appropriate  initial  intravenous  empirical
antibiotics I the type Il risk stratification group and the mean
DDD of intravenous remained non-significant§8ll close to zero
for both intravenous Qunolone {r= 0081, ¥3% CI =0576-
0.672 p=10&25) and Carbapenem (r=—0.177, 95% CI —0.722
0.507; p=0.625).

Table 5 shows various corrdations between appropriateness
on initial empirical intravenous antibiotic consumption  and
DDD of antibiotics in four major infections grouped by risk
stratification. In type I+ IT risk stratification patients, prescribing
appropriateness  was  significantly positively correlated with
[travenous Penicillin consumption  for pneumonia (n=12;
r=1{.785, 95% CI 0.377-0.938; 0002}, urinary tract infection
and pyelonephritis (n=10; r=0654, 95%FE1 0.010-0.913;
p=0.040), and soft tissue infection (n=11; r=0.623, 95% Cl

ﬂ\miers in Digital Health

D052-0.888; p=0.041). Significant inverse correlations with
Watch group antibiotics were observed for intrav third-
generation  Cephalosporins in pnewmonia (n=12; r==0719,
95% CI —0.915 to —0.280 p=0.008), urinary tract infection and
pyelonephritis (rn=10; r==-0783, 9% CI 949 to =D316;
p=0007), and soft tissue infection (n =11 r=-0.760, 95% CI
—0.931 to —0. 0.007), and for Carbapenem in intrabiliary
infection (n r= =699, §5% CT —0.932 to —0.071; p=0.036).

r

4 Discussion

The issue ﬁlhe widespread use of third-generation
Cephalosporins in Indonesia has been highlighted in a previous
study (2%}, Other studies in nd and Cameroon have alse
highlighted  the ird-generation  Cephalosporins
consumption being the most commonly prescribed antibiotics
(30, 31). This might be due to physican’s lmited knowledge
regarding antibiotics, inadequate laboratory falities and poor
instimtional policies (31).

The WHO has documented that the third-generation
Cephalosporins fall under the Watch group. Meanwhile, as has
been explained earlier, WHO has set a target for prescribing
antibiotic from the Access category as much as >60% of total
antibiotic prescriptions. It is expected that the utilization of
ASE wal

e of

digital may improve institutional policies  for
monitoring appropriate antibiotic consumption in hospitals. The
digital ASP e-RASPRO tool has been implemented at the 10
hospitals since 2022,

Table 1 shows increased prescribing of initial empirical
intravenous antibiotics that has been documented on the Digital
e RASPRO tool. This may be due to several factors, such as
an increase in the number of patients or improved compliance
with the utilization of Digital ASP ¢-RASPRO tool that may lead
o more physicians entering data into this digital device as a
result of socialization offorts regarding its use that have been
conducted in previous years. Table 1 also shows that the mean
percentage on  the appropriateness of initial intrav
empirical antibistic consumption that had been increased from
the first semester to the second semester. It is followed by
Table 2, which illustrates a sharp increase in mean DDD of
intravenous Penicillin-class antibiotics categorized as Access and
a decrease i mean DDD of intravenous third-generation
Cephalosporins-class antibiotics categorized as Watch group. It
appears that there is a shift in the trend here. This may also be

frontiersinorg
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TRBLE £ Duscription and correlabion of the mean pereentags oo the appropristenen of inkisl intromne us smpir o yugnma»- by [l sisk 3 ratification group based oo the antibistic
guidelines of the digrial ASP = - RASPRO tonl for the four major i miections averal with the mesn D00 of intrensus quinclans and catmapenem in 2024 a1 10 ho ks

Mean DDD

Ciuine

Mean DDD

’ 01 —a212
a5t CI° =154 1o EIE =174 o (k360
I [ 0.557
Detrended * 081 =0.177
45% I Detrended —40.576 1o 1671 =0.722 to 57
Detrended p* 0825 mAS

Tasary 3152 783

February 0:2 5Hk 3017 44d

Masch 2775 487

Agpril 0IA25 2583 585

May 1.5 560 2706 2l

lune LEEET] 2447 449

luly 16 26 3103 LAt

August 0.5626 3424 10.70

Seplemler 05284 2991 10,35

Orctober 05079 3L6d 1083

Mavember A 554 3175 .30

119 3600

3065 3

m:m‘w
] on comelation coefficlent; C1, confidence Interval p, two-talled nominal pvalue. $3% Clcaloulated via Flsher £ u.u.,r.mmn...um;xmu + A=A S =17y in=3) = 0.323;

WO for 2= 74 196 % SE: back- tramsformed 1o r. Computed using SPSS w29 CORRELATIONSPRINT = TWOTAIL NOS
residuals (ZRESIDY) from scparate lincar regressinns of <och variable on sequential month [1-12], PSS 2% REGRESSIOR
Missing date for January and Blasch vos due 10 adminigethe beues dusing date sorting, which sugpested 1 leck of data purity.
Therefore, [t was decided to exclude data for those manths. Number of moathly observations correlated with DDD

aggrrgate not indfvidual

All apsalyses are explorsiary

1951, Detrended r=Pearsan comrelation of standardisod
ERESID. Carrelation analysis was based on monthly

10 manths. Mo adjustient for multiple com parisons was applied.

“hsisicd by artibeia] Intelligence with dota teput and andysis vens verfied by the aulboes suppocted by sitisicin.

due to the socialization or awareness campaigns regarding the
utilization of the tool that have been conducted i previous
years that are associated with the WHO AWaRe initiatives.

The hift in prescribing trends toward antibiotics to the Access
group (intravenous Penicilling appears to be mining momentum;
however, there has abso been increased consumption in other
antibiotics clasified as the Watch group, namely the intravenous
Quinolone and Carbapenem  dases. Regarding the increased
antibiotic consumption, intravenous Guinclone and Carbapenem
should be considered along with other biases such creased
number of patients in the 2nd semester, an increase in (e w
of patients clasified in type 11 risk stratification group, or an
increase in the number of paticnts with infections who are cxcluded
from those with the four major infections, as well as an increase in
the number of physicians prescribing intravenous Quinolones as an
altemative antibiotic across all three stratification grou)

Accordingto the antibiotic guideline in the Digital ASP ¢-RASPRO

toal developed for the 10 hospitals, antibiotics from the Accessgroup of

the Penicillin dass — such as Ampidllin Sulbactam and Amoxidllin
Clavulanate in combination with Amikadn
indeed designated as antibiotics JFfpatients In’ type [ and 11 risk
stratification groups. A previous conducted at three hospitals

Gentamicin—are

Frantiers in Digital Health

in Indonesia found that more Lhang% of patients fdl into type
1 risk stratification group (32 same pattem holds true in this
sy, it could still influence @ shift in antibiotic prescribing trends,
particularly from the Watch Category to the Access Cate gory.

According w the antibiotic line in the Digital ASP e
RASPRO tool, patients dassified n the ype [ risk stratification
group are empirically recommended to receive antibiotics from the
Penicillin dass (Ampicillin-Sulbactam or Amoxicillin-Clavulanate)
with or without a combination of Aminoglycoside, namely
Amikacin or Gentamicin. The intravenous third-generation
Cephalosporins have been mtentionally excluded from the list of
antibiotics for patients in the type 1 risk stratification group in order
to prevent a sumge in presciptions for intravenous third -generation
Cephalosporins, which are classified as Watch Category antibiotics.

For the type 11 risk stratification group, empirical treatment
guidelines recommend administering antibiotics from the Access
Category of the Penicillin Class—specifically Ampicillin Sulbactam
or Amoicllin Clavalanate— which must be used in combination
with an Aminoglycoside, such as Amikadn or Gentamicin. This
combination is used as a Carbapenem Sparing Agent, as agreed
upon by peer experts from the ten hospitals, to treat patient groups
at higher risk of ESBL infections.

frontiersinorg
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The agreed-upon antibiotic guidelines in the Digital ASP e-
RASFRO tool has suggested that Carbapenem nnﬂmcs should
not be used empirically for patients in the 1 risk
stratification group (patients at risk for ESBL infections), with
the aim of preventing a surge in empirical carbapenem
prescriptions in daily practice.

Meanwhile, the Quinolone dass antibiotic is still considered
appropriate to be used as an alternative empirical treatment in
all risk stratification groups, particularly in case of beta-ladam
allergy or based on other clinical considerations. Since the same
empirical antibiotics are used in both risk stratification groups,
in Table 3 we have combined type I and 11 risk stratification
group and correlated them with the mean DDD of cach
antibiotic class.

Table 3 The persistence of significant detrended correlations
between the mean percentage on appropriate initial intravenous
empirical antibictics in the combined type 1 and 11 risk
‘Bliﬁcaliun group and the mean DD of intravenous Penicillin
r=10.598, 95% Cl 0.021-0.87 ={.041) and intravenous third-
generation  Cephalosporins E—U.ﬁl& 5% C1 —0.678 W
—0.044; p=0.035) provides robust evidence that e-RASPRO
implementation is correlated with trend shifting from Watch o
Access antibiotics beyond general time trends. The consistency
of significant assodations before and afier detrending, with
confidence intervals exduding trivial effects, indicates that e-
RASPRO is associated with meaningful shifls toward WHO
AWaRe-aligned prescribing behavior, Patient-level interrupted
time-series analyses are warranted to confirm  individual-level
mechanisms. This study did not caleulate the number of
patients in each of the risk stratification groups (lyﬂl 11, and
110); however, a previous study conducted at three Rospitals in

onesia using the Digital ASP e-RASPRO tool suggests that

number of patients in type I stratification group was
significantly higher than those I type 11 and 11l risk
stratification groups (32). If the same pattern occurs in this
study, then the appropriateness of early miravenous empirical
antibiotic consumption in type 1 risk stratification group will
likely to have a greater influence on the correlation of the mean
DDD  of  intravenous  Penicillin - with  third generation
Cephalosparins antibiotics compared to those in type 11 risk
stratification group.

The lack of a significant positive correlation between the mean
percentage on the appropriateness of initial intravenous empirical
antibictic consumption in the combined type 1 and II risk
stratification group for the four ma nfections and the mean
DDD of Aminoglycoside antibiotics (r=0.184, 95% C1 —0L43%
0.68% p=0568) may exist due to the fact that Ammoglycoside
antibiotics has not been the preferred antibiotic of choice for
physicians in daily dinical practice compared 1o penicillin
antibiotics. In  addition, Quinolone and Carbap are

103385 idgth.2026 186282 &

mean DDD of intravenous Quinolone antibiotics may be due to
the fact that some physicians still  consider prescribing
intravensus Ouinolone antibiotics as an alternative for patients
classified in the combined type 1 and II risk stratification group
based on specific dinical considerations, which can actually still
he considered appropriate for them. However, the likelihood of

using antibiotics from the ntravenous Cuinolone class here is
not as high as that of these the intravenous Penicillin class.
These findings may also indicate that the Penicillin dass is the
preferred class of antibiotics compared to the Quinalone class.

The consumption of intravenous Quinolone antibiotics for
patients in type Il risk stratification group, as well as the
frequent switching of empirical antibiotic treatment or the
switch into definitive antibiotic treatment using antibiotics from
Quinolone class, may also be considered as potential causes that
warrant further investigation, It may affect the mean DDD of
quinclone antibiotics and influence the correlation among
variables. Another possible reason for these results is the high
number of cases of infections other than the 'major four’ that
are treated with Quinelone. Indonesia is a tropical country with
many cases of typhoid fever or salmonellosis, for which the
quinolone class is known as the primary empirical antibiotic of
choice. These lactors should be considered as  potential
influences on the mean DDD of Quinclone antibiotics,

The absence of a significant negative correlation between the
mean percentage on the approprateness of initial intravenous
empirical antibiotic consumption in the combined type I and I
risk stratification group for the four major infections and the
mean DDD of Carbapenem-class antibiotics may also be
influenced by the
consumption for patients in type I11 risk stratification group or
other factors, Other reasons also need (o be considered, such as
the large

antibiotics

empirical  carbapenem-class  antibiatics

number  of  clinicians  preseribing  carbapenem

based on  culture resuls.  However, more
comprehensve research is needed to understand this more clearly.

Table 4 describes the corrdation between the mean percentage
on the appropriateness initial intravenous empirical antibiotic
consumption in type I risk stratification group for the fooar
major infections and the mean DDD of intravenous Cuinolone
and  Carbapenem previously
Carbapenem-class antibiotics, with or without combination
therapy  with  Aminoplycoside-dass
recommended intravenous empirical antibiotic treatment in
antibiotic guidelines mentioned the Digital ASF e-RASPRO tool
for patients in the type I risk stratification group. Meanwhile,
Quinolone-class antibiotics are used as alternative empirical
antibiotic treatment in cases of Carbapenem allergy or based on
other clinical considerations. Actually, these findings do not

indicate a  significant  positive correlation  between  the

antibiotics.  As explained,

antibiotics, are  the

dassified as Watch group antibiotics, in which a significant
negative correlation is also expected. The Quinclone Lu can
still be considered empirically appropriate for patients in type
I and II risk stratificaion groups, however, its role has been
marginalized as alternative antibiotic treatment.

The absence of a sgnificant negative corrdation between the
mean percentage on the appropristeness of early intravenous
empirical antibiotic consumption in the combined type 1 and 11
risk stratification group for the four major infections and the

ﬂ\rlliers in Drigital Health

appropri 55 of initial intravenous empirical antibiotic
consumption in type I risk stratification group for the four
major ini'es and the mean DDD of intravenous Quinolone
(r=0081, 95% CI =0.576-0672; p=0.825 and Carbapenem
[r==0.177, 95% CI =0.722-0.507; p= 0625).

The utilization of Quinolone-class antibiotics in this group is
still considered appropriate, even though Quinolone ame
considered as alternative antibiotics in this risk stratification
group. Various analyses of other possibilities alsneed o be
conducted, such as the potential use of quinolones I type | and
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I risk siratification groups as aliernative antibiotic treatment or
other factors that could affect the mean DDD of intravenous
Cuinolone.

A previous study using the Digital ASP ¢-RASPRO toal at
three hospitals in Indonesia over a three-month period has
shown that only about 14% of patients fall into type Il risk
stratification group IIL (32). If this were also the case in this
study, then the number of patients requiring carbapenem-class
antibiotics as initial empirical intravenous treatment would
actually be quite small. This could certainly be a factor that may
affect mean DD of Carbapenem-class antibiotics. However,
this certainly requires further research, However, it turns out
that no significant correlation was found between the mean
percentage on the appropriateness initial intravenous empirical
antibiotic consumption in type Il risk stratification group for
the four major infections and the mean DDD of intravenous
Quinalone  and  Carbapenem  antibiotics,  although  the
recommended antibiotic in this group of risk stratification is
Carbapenem.

Table 5 provides robud statistical evidence that e-RASPRO
implementation was correlated with shifting from Watch o
Access antibiotics in infections where the shifting is guideline-
wneordant. The significant inverse correlation between the
mean percentage on appropriate initial intravenous empirical
antibiotics in the type 1 and I risk stratification groop and the
mean D of intravenous Carbapenem for intrabiliary infection
(n=9% 7=—0.699, 95% CI -0.932 to ~0.071; p=0.036) reflects
baseline empiric carbapenem wse for type | oand 11 risk
stratification  for intrabiliary infection was  successfully de-
escalated post e-RASPRO ool gusdance,

In contrast, the mean percentage on the appropriateness of
initial intravenous empirical antibiotics i the combined type
1 ared II risk stratification group for intrabiliary infection was
not correlated with the mean DDD of intravenous Penicillin and
ntravenous third-generation Cephalosporing; In this regard,
various pofffeflities should be evaluated further.

In the pneumaonia, urinary tmct infection and pyelonephritis
and sof tssue infection gr there was a similar pattern o
that described in Table 3. The results showed a significant
positive correlation between suitability in type I and II risk
stratification with DDD intravenous Penicillin and a significant
negative correlation between suitability mn type 1 and 11 risk

stratification  with  DDD intravenous  third-generation
Cephalosporins.

In this manuscript, the DDD results may reflect broader
hospital  antibiotic  use, including  definitive  therapy,

subsequent antibiotic changes, and infections outside the
four selected infection groups. This means the fndings
should  remain  exploratory  and  non-causal.  Further
investigation is also necessary regarding how many cases
that need continuation of initial intravenous empirical
antibiotics treatment to achieve patient recovery, or the
treatment should be continued based on colture results,
which would indicate that the initial intravenous empirical
antibiotics administered are indeed effective in treating the
patient.  Certainly, such factors may also ecxplain  the

correlation  between  the  appropriateness  of  initial
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intravenous empirical antibiotic consumption and the mean
DDD of antibiotics. This study dees not control for several
confounding  factors, including  patient  wvolume, risk
stratification  distribution, mix of infections,
infections other than the four major infections. Results
interpreted cautiously. The analysis  utilized
12-month  aggregated data per infection type, and the
potential for temporal confounding within each subgroup
cannot be excluded, as demonstrated in the overall time-
series  sensitivity analysis. Therefore, these
should be considered hypothesis-generating rather than
confirmatory of a cavsal relationship between e-RASPRO-
guided  appropriateness and  antibiotic  consumption
patterns. Further research using more  comprehensive
methods is needed to establish cavsal relationships.
However, with these prdiminary results, it is hoped that the
utilization of the Digital ASP e-RASPRO tool can be an
innovation in order antimicrobial stewardship program, Digital
health technologics that can optimize the consumption of

antim

case and

must  bhe

correlations

whial agents and can minimize the impact of healthcare
on antimicrobial resistance have the potential o support
development and uftilization of high-quality data, which ar
highly benefical for clinical management and improvemnent of
decision-making (33},

5 Conclusion

Use of the e-RASPRO as a digital antimicrobial stewardship

tool  was  correlated  with  increased  intravenous  Penicillin
comsumption and decreased third-generation Cephalosporins
consumption. For patients stratified as risk types [ and II,
compliance was  significantly  corrdated  positively  with
intravenous Penicillin DDD and negati ith intravenous
third-generation Cephalosporins DDOD in preumonia, urinary
tract infections and pyelonephritis, and soft tissue infections.
Further research using more comprehensive methods is needed

to establish a causal relationship.
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