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PLOS ONE is an inclusive journal community working together to advance science for the benefit of
society, now and in the future. Founded with the aim of accelerating the pace of scientific advancement
and demonstrating its value, we believe all rigorous science deserves to be published and should be
discoverable, widely disseminated and freely accessible to all.

Why Researchers Choose PLOS ONE
Inclusive publication criteria and scope

PLOS ONE accepts research in over two hundred subject areas across science, engineering, medicine,
and the related social sciences and humanities. We evaluate research on the basis of scientific validity,
strong methodology, and high ethical standards—not perceived significance. Multidisciplinary and
interdisciplinary research, replication studies, negative and null results are all in scope. We also publish
Registered Reports and Protocols. 

“I published with PLOS ONE because I love the idea that acceptance is based on quality of the work, not
whether it's trendy or important in the eyes of a few editors.”

- Alison Turnbull, Outcomes After Critical Illness and Surgery (OACIS) Group, Johns Hopkins University,
Baltimore, Maryland, United States of America

Fair and robust review

PLOS ONE staff and our expert board of Academic Editors work together to ensure that the peer review
process is fair, fast and thorough and that the work we publish meets high ethical and methodological
standards in line with our editorial policies. We offer our reviewers the opportunity to sign their reviews
and authors the choice to publish their Peer Review History supporting transparency, accountability and
credit.

“Everything was very fast from the time I sent the article to the time I got the first review and later on wit
the two rebuttal letters, plus modifications I sent. The reviewers were quite rigorous and that substantia
improved our manuscript and we are definitely grateful for that.”

- José Ribamar Ferreira-Júnior, Escola de Artes, Ciências e Humanidades, Universidade de São Paulo, São
Paulo, Brazil

Reach

Research published in PLOS ONE is immediately available to the widest possible audience. To help authors
broaden their reach both in and outside of their discipline, our dedicated media team works with an
extensive network of journalists to highlight noteworthy research. PLOS ONE articles received more than
100,000 mentions in media outlets around the world in 2022.
Multi-disciplinary assessment

With more than 20,000 new authors joining the PLOS ONE community every year in over 200 research
areas, PLOS ONE facilitates connections within and between disciplines
Openness

The PLOS ONE community paved the way with open access. Now we’re doing the same with open
science.

PLOS applies the Creative Commons Attribution (CC BY) license to works we publish. Under this license,
authors retain the copyright to their work and grant permission for anyone, anywhere in the world to read
share, and reuse these articles, as long as the author and original source are properly cited.

Throughout the peer review and publication process, PLOS ONE encourages transparency and practices tha
increase the visibility, trust, and reuse of research. We offer enhanced author attribution and identification
through the CRediT authorship taxonomy and ORCID iD, publicly posted protocols and data sets,
facilitated preprint posting, and optional Published Peer Review History.

“I see the Open Access movement as a means by which scientific inquiry and discovery can truly serve
the community at large, rather than being locked behind paywalls and accessible only to academic
insiders. By promoting free and open exchange of information, research findings can be more easily
applied to solve pressing real-world problems.”

- Serge Wiltshire, Food Systems, University of Vermont, Burlington, Vermont, United States of America

Meaningful metrics

PLOS promotes the use of individualized article-level metrics to track the impact and reach of your unique
work with precision. Every article we publish provides viewership, downloads, media mentions, social
sharing, and citations through Altmetric.

https://journals.plos.org/plosone/s/editorial-and-peer-review-process


Scope
Types of articles

PLOS ONE welcomes original research submissions from the natural sciences, medical research,
engineering, as well as the related social sciences and humanities, including:

Criteria for Publication
1. The study presents the results of original research.
2. Results reported have not been published elsewhere.
3. Experiments, statistics, and other analyses are performed to a high technical standard and are described in sufficient detail.
4. Conclusions are presented in an appropriate fashion and are supported by the data.
5. The article is presented in an intelligible fashion and is written in standard English.
6. The research meets all applicable standards for the ethics of experimentation and research integrity.
7. The article adheres to appropriate reporting guidelines and community standards for data availability.

Peer Review at PLOS ONE
PLOS ONE is a fully peer reviewed journal with a rigorous multi-stage editorial screening and assessmen
process.

First, we undertake an initial in-house quality check to identify potential issues such as competing interest
compliance with ethical standards for studies involving human and animal subjects, financial disclosures,
data availability, and other scientific and policy requirements. Submissions may be returned to authors for
changes or clarifications at this stage.

After passing quality control, each manuscript is placed with a member of the Editorial Board who
conducts peer review and makes the decision to accept, invite revision, or reject the submitted
manuscript. Read the detailed Editorial and Peer Review Process overview.

Ready to Submit?

Submission Guidelines  Submission System

Journal Timings
In line with our founding mission, we do all we can to ensure a fast and thorough review process based o
expertise from the research community. We know that prompt editorial assessment and publication are
important to scientific advancement, and we're always working to improve. Journal timings vary by subjec
area and manuscript, we transparently display our timings below as a guide but please be advised this
may not reflect our most up-to-date improvements.

Further journal and article metrics are available here.

  Jan -
Jun 20

Jul - Dec
20

Jan - Jun
21

Jul - Dec
21

Jan - Jun
22

Jul - Dec
22

Jan - J
23

Time to First Editorial Decision
(Rejection or Peer Review) 12 16 12 15 17 22 17

Time to First Decision 44 47 48 53 62 56 45

Primary research that contributes to the base of scientific knowledge, including interdisciplinary, replication studies, and nega
or null results.



Systematic reviews whose methods ensure the comprehensive and unbiased sampling of existing literature.

Submissions describing methods, software, databases, or other tools that meet the journal’s criteria for utility, validation
availability.



Qualitative research that adheres to appropriate study design and reporting guidelines.

Protocols, including Lab Protocols that describe verified methodologies and Study Protocols that describe detailed plans for
research projects.



Participate in a Call for Papers to be published as part of a highly visible PLOS Collection. View our Calls for Papers
and learn more about publishing in a Collection.



Read more about the article types we publish.

https://journals.plos.org/plosone/s/criteria-for-publication
https://journals.plos.org/plosone/s/criteria-for-publication#loc-2
https://journals.plos.org/plosone/s/criteria-for-publication#loc-3
https://journals.plos.org/plosone/s/criteria-for-publication#loc-4
https://journals.plos.org/plosone/s/criteria-for-publication#loc-5
https://journals.plos.org/plosone/s/criteria-for-publication#loc-6
https://journals.plos.org/plosone/s/criteria-for-publication#loc-7
https://journals.plos.org/plosone/s/editorial-and-peer-review-process
https://journals.plos.org/plosone/s/submission-guidelines
https://www.editorialmanager.com/pone/default.aspx
https://plos.org/metrics/
https://journals.plos.org/plosone/s/submission-guidelines#loc-methods-software-databases-and-tools
https://collections.plos.org/s/calls-for-papers
https://collections.plos.org/
https://journals.plos.org/plosone/s/what-we-publish


 
Jan -
Jun 20

Jul - Dec
20

Jan - Jun
21

Jul - Dec
21

Jan - Jun
22

Jul - Dec
22

Jan - J
23

Time to Final Decision (Rejection or
Acceptance) 83 84 90 105 118 117 87

Time to Acceptance 144 149 157 170 196 200 188

Time to Publication 169 162 170 177 205 215 204

Time from Acceptance to
Publication 13 11 10 9 10 10 10

Desk Rejections without peer
review (%) 23.0% 22.8% 21.50% 21.40% 22.90% 22.08% 30.82%

Acceptance Rate* 48.2% 49.0% 49.9% 47.9% 41.36% 37.26% 30.74%

 

Publication Fees
PLOS employs several business models to support equitable Open Access. A full list of our publication
fees, funding initiatives and fee assistance information is available here.

Open Access
PLOS applies the Creative Commons Attribution (CC BY) license to works we publish. Under this license,
authors agree to make articles legally available for reuse, without permission or fees, for virtually any
purpose. Anyone may copy, distribute, or reuse these articles, as long as the author and original source
are properly cited. Learn more.

Journal and Article Metrics
All of our journals have a range of metrics available, including Article-Level Metrics (ALMs), SJR,
CiteScore, and h-index. We do not consider Impact Factor to be a reliable or useful metric to assess the
performance of individual articles but will provide the metric to individuals when specifically requested.
Metrics for all of our journals, including publication timings and acceptance rates are available here.

Indexing and Archiving
All PLOS journals are widely indexed by major services such as Crossref, Dimensions, DOAJ, Google
Scholar, PubMed, PubMed Central, Scopus, and Web of Science.

PLOS ONE is also indexed by the following services to ensure research content is accessible and
discoverable as widely as possible: AGRICOLA, Biological Abstracts, BIOSYS Previews, CABI CAB
Abstracts, CABI Global Health, CAPES, CAS, CNKI, EconBiz, Embase, Food Science and Technology
Abstracts, Journal Guide, MEDLINE, Psychinfo, RePEc, and Zoological Record.

PLOS
PLOS is a non-profit organization on a mission to drive open science forward with measurable, meaningfu
change in research publishing, policy, and practice. We believe in a better future where science is open to
all, for all.

Contact
Visit the Contact page for details about whom to contact with different queries.

All times are in days and are median numbers
*Acceptance rates are calculated from submission cohorts and are
therefore only available with delay

See publishing details for all PLOS journal titles, including ISSN and indexing and archiving information.

https://plos.org/fees/
https://plos.org/open-science/
https://plos.org/metrics/
https://journals.plos.org/plosone/s/contact
https://journals.plos.org/plosone/s/publishing-information
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Senior Editorial Leadership

Emily Chenette

Editor-in-Chief

orcid.org/0000-0003-0393-395X

Emily studied biochemistry at Columbia University as an undergraduate, and went on to earn her PhD in
genetics and molecular biology from the University of North Carolina at Chapel Hill. She then completed
postdoctoral research at Duke University, where she analysed gene expression signatures in lung cancer.
Emily has always loved scientific writing and policy and left the bench to pursue an editorial career in
2007. Before joining PLOS One in 2018, she held editorial positions at Nature Cell Biology and The FEBS Journal. Sh
is excited to support PLOS One’s commitment to community and open science.

George Vousden

Deputy Editor-in-Chief
orcid.org/0000-0002-9644-599X

George joined PLOS One in 2017 following his PhD and subsequent post-doctoral research at the
University of Cambridge. He has a background in psychology and neuroscience, specialising in the use of
rodents to better understand human disease. George helps to oversee the PLOS One editorial team,
working alongside other teams at PLOS to ensure the journal publishes high-quality, rigorously reviewed,
and robust research. He led the development of PLOS’ policy on Inclusivity in Global Research.

 

Behavioral and Social Sciences, Neuroscience, Mental Health

Laura Kelly

Division Editor
orcid.org/0009-0006-2944-8943

Laura joined PLOS in 2019, after completing her PhD at the University of Exeter focusing on
endonucleolytic cleavage in RNA metabolism and transcriptional termination. She has a background in
molecular biology and translational neuroscience. Laura first worked in the Editorial Board Services team
at PLOS, leading recruitment of our Editorial Board Members, and in 2024 joined the PLOS One Editoria
team

Vanessa Carels

Senior Editor
orcid.org/0000-0001-6643-6112

Vanessa earned an undergraduate degree in Neuroscience from the University of Minnesota. They spent
some time studying what happens in bird brains when they learn to sing, then left the Midwest to pursue a
PhD in Neuroscience from the University of California, Berkeley. Their research focused on the encoding
of complex sounds in auditory cortex and the ways that modulating attention can change the sensory
code. They worked as a freelance science writer and editor as a graduate student, and came to PLOS in
2017 excited to contribute to open scientific communication.

https://orcid.org/0000-0003-0393-395X
https://orcid.org/0000-0003-0393-395X
http://orcid.org/0000-0002-9644-599X
http://orcid.org/0000-0002-9644-599X
https://journals.plos.org/water/s/best-practices-in-research-reporting#loc-inclusivity-in-global-research
http://orcid.org/0009-0006-2944-8943
http://orcid.org/0009-0006-2944-8943
http://orcid.org/0000-0001-6643-6112
http://orcid.org/0000-0001-6643-6112


Avanti Dey

Senior Editor
orcid.org/0000-0002-1307-6771

 

Avanti received her undergraduate degree in Psychology from Queen’s University in Canada before
heading to the U.S. to obtain a PhD in Psychological and Brain Sciences in 2016 from Washington
University in St Louis. Her graduate research examined the interaction between cognitive abilities during
speech perception in aging, with a focus on executive function and language. She went on to complete a
year of postdoctoral training in behavioural economics and decision-making at Columbia University, before
returning to the field of cognitive aging to examine issues of age-related neural compensation at the
Center for Vital Longevity at University of Texas at Dallas as a postdoctoral research scientist. Avanti has
also worked as an Associate Editor with The POSTDOCket, the official newsletter of the National
Postdoctoral Association, and joined PLOS One in 2020.

Annesha Sil

Senior Editor
orcid.org/0000-0003-4270-2310

Annesha received her undergraduate degree in Biotechnology from VIT University, Vellore, India.
Following this, she completed a Masters in Neuroscience in 2013 from King’s College London and a PhD
in Neuroscience (cum laude) in 2017 from the University of Cagliari, Italy in the field of addiction
neuroscience using both clinical and animal-based approaches. She then went on to pursue her
postdoctoral fellowship at the University of Aberdeen in international projects aimed at enhancing
reproducibility in neuroscience and dementia research as well as investigating dementia risk factors such
as sex, diet, and pollution. Her passion for open science, reproducibility and previous editorial experience
during the course of her research career led her to join PLOS One in 2024.

Jenna Scaramanga

Associate Editor
orcid.org/0000-0001-5219-6672

Jenna completed her PhD in education at UCL in 2017, looking at the experiences of students who
attended private evangelical schools in England. She has a background in music and has worked in music
education, as well as publishing her research as an independent scholar. She joined PLOS One in 2025
and is committed to supporting clear and open science communication.

 

Life Sciences

Patrick Goymer

Division Editor
orcid.org/0000-0002-2789-9373

Patrick received his undergraduate degree in Natural Sciences from the University of Cambridge,
specializing in genetics. He then completed a DPhil at the University of Oxford on experimental microbial
evolution, and conduced postdoctoral research on Drosophila ageing and response to environmental
temperature. He started his editorial career in 2005 at Nature Reviews Genetics and Nature Reviews
Cancer, before moving to Nature in 2008 to handle research manuscripts in ecology and evolution, and
then becoming the launch chief editor of Nature Ecology & Evolution in 2016. He joined the PLOS
One team in 2024.

https://orcid.org/0000-0003-3296-4034
https://orcid.org/0000-0002-1307-6771
http://orcid.org/0000-0003-4270-2310
http://orcid.org/0000-0003-4270-2310
http://orcid.org/0000-0001-5219-6672
http://orcid.org/0000-0001-5219-6672
https://orcid.org/0000-0002-2789-9373


Miquel Vall-llosera Camps

Senior Editor
orcid.org/0000-0003-2644-2643

Miquel received his BsC in Biology from the University of Barcelona. In 2012 he completed a PhD in
Ecology at the Autonomous University of Barcelona. His topic of research was the ecology of avian
invasions, particularly what makes a species a successful invader and how this knowledge can be used to
prevent the impacts of the invaders. He then moved to the University of Adelaide for a postdoctoral
position examining the pet trade as a pathway of introduction of invasive bird species. In 2017 he became
an Assistant Professor at Shinshu University researching international exotic bird trade. Miquel has a wide
range of interests in life sciences including biodiversity conservation, global change ecology, natural
history, evolutionary biology, and paleontology. He joined PLOS One in June 2018.

Jianhong Zhou

Senior Editor
orcid.org/0000-0002-9590-7339

Following her undergraduate studies in Pharmaceutical Administration, Jianhong obtained a Masters in
Bioinformatics from China Pharmaceutical University and a PhD in Systems Biology at Soochow University
spending two years in Indiana University for her PhD training. Her doctoral research initially focused on
protein structure/function predictions, and later changed into protein disorder/function predictions. She
then worked as a postdoc at iHuman institute in ShanghaiTech University investigating the functions of
intrinsically disordered regions in signaling and regulatory proteins. She joined PLOS One in July 2019.

Sarah Jose

Associate Editor
orcid.org/0000-0003-2737-6473

After receiving her BSc in Biology from Cardiff University, Sarah moved to the University of Bristol for a
Ph.D. in Plant Biology, which she completed in 2016. Her research focused on the genetic links between
the formation of stomata (breathing pores) and the waxy surfaces of leaves. During her postgraduate
studies, Sarah became involved in science communication, and subsequently worked as a freelance
science writer and copyeditor across a diverse range of life sciences topics. She joined the PLOS One
team in November 2024.

Xin Sun

Associate Editor
orcid.org/0000-0002-7993-1419

Xin studied for her BSc in Zoology at Sun Yat-Sen University, Guangzhou and her MPhil at the Hong Kong
University of Science and Technology. She went on to earn her PhD in molecular genetics at the University
of Toronto, focusing on chromatin remodeling factors in embryonic heart development. She then
investigated the roles of extracellular matrix in heart regeneration and fibrosis after myocardial infarction
during postdoctoral research at the University of Oxford. She joined PLOS One in October 2025, where
she is excited to further contribute to open science communication.

 

https://orcid.org/0000-0003-2644-2643
https://orcid.org/0000-0003-2644-2643
https://orcid.org/0000-0002-9590-7339
https://orcid.org/0000-0002-9590-7339
https://orcid.org/0000-0003-2737-6473%20
https://orcid.org/0000-0003-2737-6473%20
https://orcid.org/0000-0002-7993-1419
https://orcid.org/0000-0002-7993-1419


Medicine

James Mockridge

Division Editor
https://orcid.org/0000-0002-8244-4486

James studied Biology as an undergraduate at the University of Bath and received his PhD from the
University of Cambridge for a project investigating the signaling mechanisms of growth hormone. After
completing postdoctoral research in the Department of Cardiology at King’s College London, he moved
from the bench into scientific publishing and worked at Portland Press and then at Springer Nature as an
Editor in the BMC Series handling a portfolio of medical journals. Before joining PLOS One in July 2021,
James was the Managing Editor of the British Journal of Cancer.

Johanna Pruller

Senior Editor
orcid.org/0000-0002-1946-9920

Johanna studied Biomedical Engineering (BSc) and Tissue Engineering and Regenerative Medicine (MSc)
at the University of Applied Sciences Technikum in Vienna, Austria, followed by a Wellcome Trust funded
PHD at King’s College London in Stem Cells and Regenerative Medicine, where she developed a gene
therapy for the rare childhood cancer rhabdomyosarcoma. She then stayed at King’s for a post-doc and
fellowship investigating neuromuscular diseases. During this time, Johanna got interested in the publishing
world, and this led to her joining PLOS One in August 2023.

Jennifer Tucker

Associate Editor
orcid.org/0000-0001-6981-8984

Jenny obtained her PhD in Medical Studies, with a focus potential novel interventions in two toxicological
models of Parkinson’s disease through the University of Plymouth, with a large portion of her research
undertaken at Florida International University. Following her PhD, Jenny worked at the University of Bath
investigating imprinted genes and lncRNAs in breast and colon cancer. She joins the PLOS One team in
August 2023 with over two years’ experience in scientific publishing at Frontiers.

Alejandro Torrado Pacheco

Associate Editor
orcid.org/0000-0003-4879-5343

Alejandro studied Physics at Imperial College London before developing an interest in neuroscience and
obtaining a PhD from Brandeis University focused on mechanisms of brain plasticity and their modulation
by sleep. He then worked as a Postdoctoral Fellow at Oregon Health & Science University where he
investigated the behavioral and cognitive effects of the serotonergic psychedelic psilocybin. His interest in
open science and publishing led him to join the PLOS One team in 2025.

Jen Edwards

Associate Editor
orcid.org/0000-0003-4152-6140

https://orcid.org/0000-0002-1113-5387
https://orcid.org/0000-0002-8244-4486
https://orcid.org/0000-0002-1946-9920
https://orcid.org/0000-0001-6981-8984
https://orcid.org/0000-0003-4879-5343
https://orcid.org/0000-0003-4152-6140


Jen did an undergraduate degree in Artificial Intelligence and Computer Science at the University of
Sheffield, before switching fields and earning a doctorate in Biosciences at the same institution.
Subsequently she worked in the Institute of Medical and Biological Engineering at the University of Leeds
as a postdoctoral researcher and then a University Academic Fellow. Her research explored the use of
biological scaffolds derived from human and animal ligaments to repair the knee and ankle. Throughout
her career, she led a variety of public engagement activities and acted as a reviewer for a range of
journals. This passion for communicating science broadly and for the benefit of all led her to PLOS, joining
the PLOS One team in 2025.

 

Physical Sciences and Engineering 

Carla Pegoraro

Division Editor
orcid.org/0000-0002-9157-1049

 

Carla grew up in Pisa, where she obtained BEng and MEng degrees in Biomedical Engineering working
on molecularly imprinted membranes for the recognition of specific biomolecules. She then earned a
doctorate from the University of Sheffield, UK, with a project focused on transdermal needle free drug
delivery under the supervision of professors Sheila MacNeil and Giuseppe Battaglia. During her PhD and
research fellowship working on polymersome vaccine delivery, she became intrigued by the other side of
scientific research: communication and publishing. This led her to the Royal Society of Chemistry in
Cambridge, UK. There she worked for 4 years as a Publishing Editor on a variety of journals covering all
aspects of chemistry. She was also strongly involved in cover commissioning and writing for Chemistry World.
She joined PLOS One in November 2016.

Joanna Tindall

Associate Editor
orcid.org/0000-0002-7093-6694

Joanna received her BSc(Hons) in Physical Geography and MSc in Quaternary Science from Royal
Holloway, University of London (RHUL) where she developed a particular interest in palaeoclimatology an
human-environment interactions. Her PhD focused on lacustrine oxygen isotope records as tracers of pas
climate change in NW Europe across the Holocene based at UCL and RHUL. This led to a postdoctoral
research position at the University of Nottingham that integrated palaeolimnology and palaeoecology with
the ancient Maya archaeology record in Belize. She has a keen interest in science communication and ha
been involved in a variety of projects encouraging the public to engage with geography and natural history
more broadly. She joined the PLOS One team in 2024.

Daniel Parkes

Associate Editor
orcid.org/0009-0009-0887-7193

Dan received his BSc (Hons) in Physical Geography and MSc in Quaternary Science from Royal
Holloway, University of London (RHUL) where he became interested in palaeoclimatology and
palaeoceanography. His PhD at RHUL and UCL focused on investigating abrupt climate change events as
a response of North Atlantic ocean circulation to Greenland Ice sheet melt in the geological past, and
what that may tell us about climate change in the future. Recently, he has been working on a number of
outreach initiatives to encourage under-represented groups into the Environmental Sciences in addition to
researching the Indian Ocean in the geological past. He joined the PLOS One team in 2024.

 

http://orcid.org/0000-0002-9157-1049
http://orcid.org/0000-0002-9157-1049
http://orcid.org/0000-0002-7093-6694
http://orcid.org/0000-0002-7093-6694
http://orcid.org/0009-0009-0887-7193%20
http://orcid.org/0009-0009-0887-7193%20


Jason Morgan

Associate Editor
orcid.org/0000-0003-2785-8165

Jason received an undergraduate masters degree in physics from the University of Warwick (2007) and a
PhD from the University of Leeds (2011) for research into magnetic ordering in nanostructured thin films.
He continued this work as a Postdoctoral Fellow before taking on a postdoctoral position at the University
of Cambridge studying the control of domain walls in magnetic nanowire devices. He has subsequently
held various roles in research publishing and funding, including as an Associate/Senior Editor for
condensed matter physics with Nature Communications, a Digital Economy Portfolio Manager with the
EPSRC, a freelance consultant for journal submissions and funding proposals, and a Journal Launch
Specialist with Frontiers. More recently, he revisited the lab as a Process Engineer for the Institute for
Compound Semiconductors (Cardiff University). Jason joined PLOS One in 2025.

Brian Weaver

Associate Editor
orcid.org/0000-0002-9717-1070

Brian completed his PhD in Physics at the University of Southern California in 2025, where he studied the
formation and transport properties of bacterial outer membrane vesicles. As an undergraduate, he studied
Astronomy and Astrophysics at Pennsylvania State University, with a focus on the orbital dynamics of
exoplanet systems. He was drawn to PLOS by an interest in open science communication and publishing.
He joined PLOS One in November 2025.

 

Public Health and Epidemiology

Marianne Clemence

Division Editor
orcid.org/0000-0001-6301-5064

 

Marianne studied Biological Sciences at the University of Oxford and subsequently completed a doctoral
training programme in Infection, Immunology and Translational Medicine. After her DPhil, Marianne spent
some time as a medical writer, supporting the development of publications in rare genetic disorders. She
developed a particular interest in open science practices in the publication of clinical research, which led
her to join PLOS One in August 2020. During this time she has been involved in several projects relating t
our policies and guidelines including human ethics, systematic reviews and Study Protocols.

Steve Zimmerman

Senior Editor
orcid.org/0000-0003-2990-0013

 

Steve received an undergraduate degree in Communication Studies from Nottingham Trent University and
a master’s degree in Intelligent Systems from the University of Nottingham. He stayed at Nottingham to
pursue a PhD in Psychology, using cognitive modelling to examine language development. After
graduating, Steve took a lecturing position at the University of Derby and then moved to the US to becom
an Assistant Professor at Illinois State University. His research focused on the development of scientific
reasoning. He then worked as a freelance copyeditor before joining PLOS One in 2022.

http://orcid.org/0000-0003-2785-8165
http://orcid.org/0000-0003-2785-8165
http://orcid.org/0000-0002-9717-1070
http://orcid.org/0000-0002-9717-1070
http://orcid.org/0000-0002-1920-1385
https://orcid.org/0000-0001-6301-5064
http://orcid.org/0000-0002-1920-1385
https://orcid.org/0000-0003-2990-0013


Emma Campbell

Associate Editor
orcid.org/0000-0001-9564-9408

Emma received an integrated MBiol undergraduate degree in Pharmacology from the University of Leeds
Following this, she continued her studies at the University of Leeds and completed a PhD in
bioengineering supported by Defence Science and Technology Laboratories. Her doctoral research
focused on the development of protein switch biosensors with rapid diagnostic and disease monitoring
capabilities. During this time Emma developed an interest in scientific publishing, and after completing a
short post-doctoral research project continuing her work on diagnostic biosensors, she joined PLOS
One in February 2024.

Katrien Janin

Associate Editor
orcid.org/0000-0002-0463-2940

Katrien earned an undergraduate and master’s degree in Biological Archaeology from the University of
Leicester. She was part of multiple research and fieldwork projects before pursuing a PhD in Evolutionary
Biology at the University of Cambridge. She is particularly interested in the evolutionary changes in the
morphological patterns of fossil and extant mammals, and investigated what the role of integration and
modularity can tell us about the evolvability of species. Katrien started her editorial career at PLOS One
in February 2022.

Katherine Kokkinias

Associate Editor
orcid.org/0000-0002-1422-6372

Katherine received a bachelor’s degree with honors in research in Biology and minor in Global Health from
the University of Wisconsin-Madison. This was followed by a fellowship working at the Center for Disease
Control Public Health Associate program. After this, Katherine received her PhD in Microbiology,
Immunology, and Pathology from Colorado State University. Her research focused on Salmonella infection
and the gut microbiome. She also studied science communication about microbes and microbiomes. She
has joined PLOS One in April 2025.

Ilse Bloom

Associate Editor
orcid.org/0000-0002-4893-1790

Ilse completed a BSc in Dietetics and Nutrition at the University of Lisbon and then went on to obtain an
MSc in Public Health Nutrition from the University of Southampton. Following this, she continued her
studies at the University of Southampton and completed a PhD with a focus on improving the diets of
community-living older people. Her subsequent post-doctoral research focused on assessing the feasibilit
of an intervention for promoting diet, physical activity and health in older people, and on investigating
methods of early nutritional screening in older adults, to prevent the development of malnutrition. She
joined PLOS One in November 2025

https://orcid.org/0000-0001-9564-9408
https://orcid.org/0000-0002-0463-2940
https://orcid.org//0000-0002-1422-6372
https://orcid.org//0000-0002-4893-1790


Editorial Board

The PLOS ONE Editorial Board is powered by thousands of academic experts from all over the world. Our board comprises working
scientists who are established principal investigators/group leaders with extensive publication records.
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Abstract 

Diphtheria remains a public health concern in Indonesia despite long-standing inclu-

sion of diphtheria-containing vaccines in the national immunization program. This 

study assessed temporal trends in diphtheria immunity among Indonesian children 

aged 1–14 years, identified vulnerable age groups, and examined factors associated 

with seroprotection. We analyzed diphtheria IgG antibody data measured by ELISA 

from the Indonesian Community Health Surveys (Riskesdas) conducted in 2007, 

2013, and 2018. The analysis included 6,622 children (2007), 7,110 (2013), and 

7,203 (2018). Bivariate and multivariate logistic regression analyses were performed 

to identify determinants of seroprotection. Across all surveys, diphtheria IgG levels 

were lowest at ages 1–6 years, increased at ages 7–10 years, and declined again 

from age 11 years onward. Overall seroprotection ranged from 71.1% to 83.6%, with 

a two- to threefold increase in long-term protection observed in 2018 compared with 

2007 and 2013. In multivariate analyses, complete DTP immunization consistently 

remained the strongest independent predictor of seroprotection among children aged 

1–4 years (p < 0.05). Among children aged 1–14 years, maternal education (Riskes-

das 2007) and household economic status (Riskesdas 2018) were also associated 

with seroprotection. Following the introduction of the DTP4 booster, higher diphtheria 

IgG concentrations (GMC 0.48 IU/mL to 0.77 IU/mL) were observed among children 

aged 1–2 years old in 2018 compared with earlier surveys (GMC 0.18 IU/mL to 0.33 

IU/mL). Diphtheria immunity among Indonesian children remains suboptimal, with the 

http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0343396&domain=pdf&date_stamp=2026-02-27
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highest vulnerability at ages 5–6 years and evidence of waning immunity after ten 

years of age. Ensuring complete routine DTP immunization is critical, and booster 

strategies may be considered to sustain long-term population immunity.

Introduction

Diphtheria is an easily transmitted infectious disease and can cause outbreaks with 
5–10% case fatality rate (CFR), especially in young children [1]. The main cause 
of diphtheria is Corynebacterium diphtheriae (C. diphteriae), a Gram-positive rod-
shaped bacterium that produces diphtheria toxin which has a toxic effect on target 
cells. This disease is characterized by inflammation at the site of infection, especially 
in the mucous membranes of the pharynx, larynx, tonsils, nose, and also on the skin. 
In more severe cases, diphtheria is characterized by difficulty swallowing, shortness 
of breath, stridor (a high-pitched noisy breathing sound), and swelling of the neck 
that looks like a cow’s neck (bullneck). Fatal cases usually occur due to obstruction/
blockage of the airway, and systemic effects such as heart muscle damage, as well 
as abnormalities in the central nervous system and kidneys. Transmission occurs due 
to inhalation of saliva droplets from sufferers when the sufferer sneezes or coughs or 
through contaminated objects [2–4].

The incidence of diphtheria is spread throughout the world, especially in low-and 
middle-income countries (LMICs). WHO reported that in 2023, global diphtheria 
cases reached 24,782 cases, a significant increase compared to the previous year, 
which was 10,027 (2022) and 8,659 (2021). The most cases of diphtheria were found 
in Africa and Southeast Asia. In this case, Indonesia has always been among the five 
countries with the most diphtheria cases in the world from year to year [5,6]. Although 
diphtheria vaccine has been routinely given in the form of basic and additional vac-
cines, until now diphtheria cases are still being reported in Indonesia. The number of 
diphtheria cases reported in Indonesia in 2007, 2013 and 2018 (the data collection 
period for this study) are as follows, 183, 775 and 1,026 respectively [6]. Nationally, 
in 2020–2022, there were 964 diphtheria cases reported from 34 provinces in Indo-
nesia [7]. Global data also shows that most diphtheria cases in various countries are 
related to immunization problems [8].

To date, early immunization against diphtheria in children has been very effective 
in drastically reducing the number of deaths and morbidity related to diphtheria. WHO 
recommends vaccination of at least six doses, namely three doses of basic vaccine 
and three doses of booster vaccine containing diphtheria and tetanus toxoids [9]. In 
its implementation, the diphtheria vaccination program depends on the policies of 
each country [8]. Since the early 1990s, Indonesia has implemented routine child-
hood immunization with three primary doses of diphtheria–tetanus–pertussis vaccine 
(DTP3) administered during infancy. In Indonesia, the diphtheria vaccination sched-
ule determined by the Ministry of Health (Kemenkes RI) is given at ages 2, 3 and 4 
months old for the first, second and third dose respectively, followed by boosters at 
ages 18 months and elementary school students in the first, second and fifth grades 
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(Bulan Imunisasi Anak Sekolah, BIAS) which is in line with the recommendation of Indonesian Pediatric Society (IDAI). In 
addition, IDAI also recommends the booster doses scheduled for children aged 5–7 years and 10–18 years [10,11]. This 
difference arises from operational and logistical adaptations in the national immunization schedule, rather than from con-
flicting policy guidance. Consequently, our study’s references to school-based boosters should be understood as reflecting 
the implementation of the DT preparation under the BIAS program, while the IDAI recommendation pertains to the broader 
pediatric vaccination guidance.

In Indonesia, the vaccination program for diphtheria was executed based on the Expanded Program on Immunization 
(EPI), which recommends a primary vaccination series of three doses of DTwP-HB-Hib at 2, 3, and 4 months, followed 
by a booster dose at 18–24 months [11]. In addition to the national DTP vaccination schedule, Indonesia experienced a 
large diphtheria outbreak in 2017, which affected multiple provinces and prompted extensive outbreak response immu-
nization (ORI) campaigns targeting children and adolescents. This outbreak prompted large-scale outbreak response 
immunization (ORI) campaigns, which delivered supplemental diphtheria-containing booster doses to children and ado-
lescents, including cohorts beyond the age range typically covered by routine immunization services. These emergency 
vaccination activities occurred shortly before the Riskesdas 2018 survey and are likely to have influenced population-level 
immunity profiles observed in that survey year. Accumulating evidence of waning immunity following the primary DTP 
series, combined with persistent diphtheria transmission, raised concerns regarding the adequacy of long-term protection. 
In response, a fourth booster dose of DTP (DTP4) was gradually introduced into the national immunization schedule and 
more systematically implemented prior to the Riskesdas 2018 survey.

Globally, the coverage of three dosages of DTP vaccination in recent years has decreased from 86% in the 2015–2019 
periods to 83% in 2020 and 81% in 2021. The Covid-19 pandemic that occurred in 2019–2021 has disrupted routine 
immunization services worldwide and has had an impact on decreasing immunization coverage [12]. A study conducted 
in 2023 during the pandemic in Jakarta, Indonesia, among school-aged children showed that only 40.9% of 154 children 
sampled received the primary DTP vaccination, first booster, and second booster. This finding indicated that complete 
diphtheria vaccination coverage remains low. Meanwhile, children who received the first and second booster doses had 
significantly higher anti-diphtheria antibody levels than those who did not receive the two booster doses. Therefore, 
booster vaccination in school-aged children is crucial for boosting immunity and minimizing the risk of diphtheria outbreaks 
[13]. The main objective of the 2030 immunization strategy is to expand immunization services to reach children who have 
not been immunized or whose immunization is incomplete, and to reduce the current inequality in immunization status 
[14]. While administrative coverage of routine childhood immunization is reported to be high, less is known about  
population-level immunity across age groups and how protection wanes over time in the post–scale-up period. In particu-
lar, evidence from nationally representative serological data remains limited.

The Ministry of Health, Republic of Indonesia (Kemenkes RI) delegated the National Institute of Health Research and 
Development to conduct a national basic health survey periodically every five years (well known as Riskesdas), starting in 
2007, 2013 and 2018, and one of its objectives is to assess the health status of the community and the determinants that 
influence it. Serological testing for diphtheria was among the parameters evaluated, alongside those for pertussis, tetanus, 
hepatitis, and other vaccine-preventable diseases [15,16]. The Riskesdas data in 2007, 2013 and 2018 showed that more 
than half of the respondents in each survey period had complete DTwP vaccination. Accordingly, the three Riskesdas sur-
veys analyzed in this study (2007, 2013, and 2018) represent distinct immunization and epidemiological contexts. Riskes-
das 2007 reflects a period dominated by routine DTP3 vaccination, Riskesdas 2013 captures an intermediate phase prior 
to widespread DTP4 implementation, and Riskesdas 2018 reflects the combined effects of DTP4 introduction and recent 
ORI activities following the 2017 outbreak.

Most previous studies have relied on surveillance data or outbreak reports, which do not directly measure immunity at 
the population level. In contrast, this study leverages nationally representative serological data collected through multiple 
rounds of the Basic Health Research (Riskesdas) survey to characterize age-specific diphtheria antibody profiles over 
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time. In this study, further analysis of diphtheria serology data aims to obtain trends in children’s immunity to diphtheria in 
Indonesia over a period of more than a decade, identify vulnerable groups and factors that influence protection for plan-
ning diphtheria outbreak prevention programs. To our knowledge, this is one of the few studies in the region to examine 
long-term trends in population immunity using repeated cross-sectional serosurveys.

Materials and methods

Study design

This study involves an in-depth analysis of the data obtained from the Basic Health Research (Riskesdas) survey con-
ducted in all provinces of Indonesia, 2007, 2013 and 2018. A cross-sectional study design was employed to conduct Risk-
esdas which representation of population data on a national scale. In particular, the 2018 survey was conducted after the 
nationwide diphtheria outbreak in 2017 and subsequent ORI campaigns implemented across many provinces. As a result, 
serological findings from 2018 may reflect both routine immunization and outbreak-related vaccination activities. This 
study did not attempt to disentangle the individual effects of routine immunization, booster introduction, or ORI, but instead 
describes population-level immunity patterns resulting from their combined influence. All datasets were obtained at Sep-
tember 9th 2022 from the dataset management laboratory of the Health Development Policy Agency, Ministry of Health, 
Indonesia [15,16]. Dataset was obtained after submission of a research proposal detailed with the required variables, 
including the serology data linked to the public health dataset. Proposal was reviewed by internal reviewers. After being 
accepted, the access to raw dataset would be granted based on the necessity. The principal investigator of this research 
signed the data transfer agreement for not sharing any data to any third-party. Additionally, all related publications should 
acknowledge the particular institution. Authors did not have access to the information that can be linked to participants.

Samples

The sampling frame was developed using calculations from the BPS-Statistics Indonesia using multistage sampling 
across the stages as seen in the Riskesdas national reports for the years 2007, 2013 and 2018 [17–19]. The results of 
structured interviews and measurements were then subjected to additional analysis using selected household and indi-
vidual samples. The chosen samples, that were older than a year old, underwent blood sampling and serological testing. 
Especially for diphtheria antibody examination, it was conducted on child respondents aged 1–14 years in Riskesdas 
2007, 2013 and 2018. Respondents represented urban and rural areas except respondents in Riskesdas 2007 only rep-
resented urban areas. The number of child respondents examined for diphtheria antibodies was 6,622 (Riskesdas 2007), 
7,110 (Riskesdas 2013) and 7,203 (Riskesdas 2018). Among these numbers, there were toddler respondents (aged 1–4 
years) as many as 1,536 (Riskesdas 2007), 568 (Riskesdas 2013) and 1,052 (Riskesdas 2018). Toddler respondents 
were analyzed separately regarding their DTP immunization status which was only asked to respondents aged 1–4 years.

Diphtheria antibody test

Antibody examination for diphtheria was performed on serum collected using the Enzyme-Linked Immunosorbent Assay 
(ELISA) method, according to the protocol in the insert package. The examination kit used was Indec Diagnostics, Germany. 
The examination was carried out in the laboratory of the National Institute of Health Research and Development, Ministry of 
Health of the Republic of Indonesia. Antibody titer for diphtheria is expressed in IU/mL units, with the following interpretations; 
seronegative/ partial protection (titer <0.1 IU/mL); full protection (titer 0.1–1 IU/mL), long protection (titer >1 IU/mL) [4].

Vaccination history assessment

Individual vaccination history was available only for children aged 1–4 years in the Riskesdas surveys. Vaccination status 
was ascertained using documented vaccination cards when available; in the absence of a record card, caregiver recall 
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was used, in accordance with standard Riskesdas procedures. Complete DTP immunization was defined as receipt of all 
age-appropriate DTP doses recommended under the national immunization schedule at the time of the survey. Children 
with missing or unverifiable vaccination history were excluded from analyses involving immunization status. The propor-
tion of missing vaccination-history data is reported in the corresponding tables. Because individual-level vaccination data 
were not available or considered reliable for children older than four years old, analyses involving vaccination status were 
restricted to the 1–4 year age group. For older children (5–14 years), individual-level immunization data were not system-
atically documented, particularly for doses received under earlier routine schedules or through outbreak response immuni-
zation (ORI) campaigns; therefore, vaccination status for these age groups was not recorded.

Operational definitions

The criteria for urban and rural residence were determined by the BPS-Statistics Indonesia when selecting the respondent 
sample. Multivariate models assessing determinants of diphtheria seroprotection included vaccination status only for the 
1–4 year age group. For older age groups, analyses were limited to serological outcomes and demographic variables, 
without inclusion of individual vaccination history. Where relevant, the age-specific serological patterns in older children 
were compared with available programmatic immunization coverage data at the provincial or cohort level. These compari-
sons were treated as ecological in nature and interpreted cautiously.

Nutritional status was calculated based on the Body Mass Index (BMI)-for-age Z-score formulation with cut-points of: 
Malnutrition/ Severe wasted: ≤ −3, Undernutrition/ Wasted: ≤ 2.0, Normal: −2.0–2, Overweight: > 2.0, Obese: > 3.0 [20,21]. 
Children aged 1−4, BMI was calculated according to the WHO reference [21], while for children aged over 4 years, 
BMI was calculated using the CDC reference [20]. The results of this grouping are then grouped again into three large 
groups for analysis, namely (1) Undernutrition, which is a combination of undernutrition and severe malnutrition, where 
BMI z-score < −2.0, (2) Normal nutrition: where BMI z-score + 2.0 to −2.0 and (3) Overnutrition: is a combination of over-
weight and obesity, where BMI z-score > +2.0. Meanwhile, the family’s economic status is calculated based on expendi-
ture quintiles and grouped into five groups, then grouped again into three categories, namely quintile 1–2 (poor), quintile 
3−4 (middle) and quintile 5 (rich). Complete DTP immunization status in the analysis of Riskesdas 2007, 2013 and 2018 
was defined as having received three doses of basic DTP immunization (DTP3) given at the age of 2-3-4 months. This 
immunization was given together with the hepatitis-B vaccine in the form of a DTP-HB combo vaccine (2011), which then 
replaced by the pentavalent DTP-HB-Hib vaccine in 2015. There are three degrees of maternal education: low for those 
who did not attend school, medium for those who attended elementary school through high school, and high for those who 
had a diploma-1 (D1) or were enrolled in college.

Statistical analysis

The analysis was conducted on the samples of Riskesdas 2007, 2013 and 2018, namely children aged 1–14 years. The 
BPS-Statistics Indonesia determined the weight value of each data for survey analysis. Using univariate analysis, the 
proportion of participants such as sex, area of residence, age, nutritional status, family economic status, maternal educa-
tion status, and toddler DTP immunization status, were identified. The age variable was divided into two categories (1–4 
year old and 5–14 year old) based on the diphtheria immunization status data availability. Pearson’s-chi-squared bivariate 
analysis was used to assess the relationship between respondent characteristics and other variables related to diphtheria 
antibody titers. Multivariate analysis was used to assess the relationship of the most significant (p < 0.05) variables and 
conducted using binomial logistic regression to determine factors independently associated with the dependent variable. 
The analysis steps began with selecting variables included in the binomial multivariate analysis with p < 0.25 in the bivari-
ate analysis. Then, the analysis was conducted by removing variables above p > 0.05 one by one. The results showed no 
interaction or confounding. The Hosmer–Lemeshow goodness-of-fit test and multicollinearity variance inflation factor (VIF) 
test demonstrated the suitability of the equation model. The final results are presented as an adjusted odds ratio (AOR) 
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with a 95% confidence interval (CI). The AOR value illustrates the strength of the association between the independent 
and dependent variables after controlling for other variables in the model. In this study, diphtheria antibody titers were 
divided into two categories: protective (≥0.1 IU/mL) and negative/partial protective (<0.1 IU/mL). Stata software version 16 
was used for statistical analysis.

Data limitation

Data analysis was only conducted on variables available in Riskesdas 2007, 2013 and 2018 and data related to antibod-
ies against diphtheria. Immunization status data was only available for respondents aged 1–4 years. Specifically, Riskes-
das 2007 data was only available in urban areas. The total number of samples for variables analyzed using bivariate and 
multivariate methods differed according to the completeness of the available data. The DTP4 vaccination history and the 
information of diphtheria cases were unavailable.

Ethical consideration

The request for raw data, de-identified data were obtained via email (datin.bkpk@kemkes.go.id) from the Data and Infor-
mation Center, Health Policy Agency, Ministry of Health, Indonesia (Kemenkes RI), the official data holder. The ethical 
clearance for this analysis study was obtained from Research Ethic Committee, Faculty of Medicine, Universitas Trisakti, 
Jakarta with registry number No. 164/KER/FK/VIII/2022.

Results

Characteristics of respondents aged 1–14 years who participated in the Riskesdas 2007, 2013 and 2018, and were 
examined for antibody titers against diphtheria can be seen in Table 1. In this study, the age range was divided into two; 
1–4 and 5–14 years old based on the available immune status data in the Riskesdas database. The majority of respon-
dents were in the 5–14 years age group for Riskesdas 2007, 2013 and 2018 (76.8%, 92.01% and 85.4% respectively). 
The proportion of respondents by sex was nearly equal. In Riskesdas 2007, all respondents lived in urban areas, while 
in Riskesdas 2013 there were more respondents living in rural areas, and vice versa in Riskesdas 2018. Associations 
between complete DTP immunization and diphtheria seroprotection are presented only for children aged 1–4 years, for 
whom individual vaccination history data were available. Most toddler respondents had complete basic immunization of 
DTP for Riskesdas 2007, 2013 and 2018 (67.1%, 74.6% and 78.3% respectively). Although there were still respondents 
with under nutrition status, most respondents had normal nutritional status for Riskesdas 2007, 2013 and 2018 (77.7%, 
85.1% and 84.3% respectively). Based on family economic status, most respondents were at the poor to middle level 
(36.9% − 47.9%). The highest maternal education level was in the medium group for Riskesdas 2007, 2013 and 2018 
(77.7%, 80.2% and 82.5% respectively).

Fig 1 generally shows a similar pattern in the three periods of Riskesdas. The proportion of respondents who had pro-
tective diphtheria antibody titers was still quite low at the age of 1–6 years, then increased at the age of 7–10 years, and 
decreased back simultaneously–often with the increasing age. The respondents living in urban areas in the Riskesdas 
2007 showed a fairly high proportion of non-protective titers (<0.1 IU/mL) at the age of 1–6 years (34.7% – 38.0%). Mean-
while, long-term protective diphtheria antibodies (>1 IU/mL) increased with age, especially in the 7–8 group (42.0%), with 
the highest geometric mean concentration (GMC) at the age of 7–8 years (0.54 IU/mL), then gradually decreased (Fig 1).

The proportion of non-protective titers in Riskesdas 2013 was found to be lower than that in Riskesdas 2007 (18.0% 
– 37.6%). Meanwhile, long-term protective diphtheria antibody remained stable, but not as high as in Riskesdas 2007 in 
older age groups. The GMC in Riskesdas 2013 was lower than that in Riskesdas 2007, where the highest GMC was in the 
7–10 year group (0.36 IU/mL) with a drastic decrease in the 11–14 year age group (Fig 1).

The proportion of non-protective titers in Riskesdas 2018 was found to be lower than that in both Riskesdas 2007 and 
2013, especially in the 7–14 age groups. Meanwhile, the long-term protective diphtheria antibody level was found to be 
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higher significantly, around two to three folds higher than those in Riskesdas 2007 and 2013, especially in the 7–12 age 
groups (59% − 69%). The highest GMC is at the age of 7–8 years (0.85 IU/mL) (Fig 1).

For respondents living in rural areas in Riskesdas 2013, most children have protective diphtheria antibody titers (0.1–1 
IU/mL) (Fig 2). The proportion of children with non-protective titers (<0.1 IU/mL) is quite high at the age of 1–6 years 
(27%–37%) and increases again at the age of 11–14 years. Meanwhile, long-term protective diphtheria antibodies (>1 IU/
mL) are relatively low in all age groups, with a high proportion in the age group of 7–10 years (30% − 40%). The GMC 
increases from the age of 7–8 years (0.36 IU/mL), then decreases slightly but remains quite stable until the age of 13–14 
years (0.214 IU/mL). Meanwhile, the seroprotective diphtheria in urban and rural areas was found to be almost the same 
(Fig 2).

In Riskesdas 2018, the proportion of children with non-protective diphtheria antibody titers decreased, while the pro-
portion of children with long-term protective diphtheria titers increased drastically, especially in the 7−10 year age group 
(about 53%). In addition, seroprotective diphtheria in urban areas was found to be higher than in rural areas. Protective 
diphtheria antibody titers increased linearly with age. The GMC titer is about two fold higher than that in Riskesdas 2013, 
especially in the 7−10 year age group (0.62–0.68 IU/mL). After the age of ten, the GMC began to decline but was still 
higher than that in Riskesdas 2013 (Fig 2).

Table 1.  Distribution of the respondents aged 1-14 years old based on their characteristics.

*Riskesdas 2007 Riskesdas 2013 Riskesdas 2018

Characteristics Value n unweighting % n unweighting % n unweighting %

Age 6,622 7,110 7,203

1-4 y.o 23.2 7.99 14.6

5-14 y.o 76.8 92.01 85.4

Sex 6,622 7.110 7,203

Boy 50.6 48.4 51.7

Girl 49.4 51.6 48.3

Areas 6,622 7,110 7,203

Urban 100.0 48.7 66.5

Rural 51.3 33.5

DTP Immunization Status (1–4 y.o) 1,486 485 825

Complete 67.1 74.6 78.3

Incomplete 32.9 25.4 21.7

BMI Nutrition Status 5,936 6,124 7,142

Undernutrition 14.0 9.2 7.3

Normal nutrition 77.7 85.1 84.3

Overnutrition 8.3 5.7 8.3

Family Economy Status 6,622 7,110 6,195

Poor 47.9 36.9 45.8

Middle 38.2 47.7 36.9

Rich 13.9 15.4 17.3

Maternal Education Level 5,822 6,324 6,474

Low 15.7 16.1 11.6

Medium 77.7 80.2 82.5

High 6.6 3.7 5.9

Note * Riskesdas 2007 was only conducted at urban areas.

https://doi.org/10.1371/journal.pone.0343396.t001

https://doi.org/10.1371/journal.pone.0343396.t001
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Table 2 shows the results of the analysis to assess factors related to the status of diphtheria antibody protection in 
children aged 1–14 years in Indonesia. The percentage of protective diphtheria IgG antibodies is 71.1% (Riskesdas 2007), 
72.6% (Riskesdas 2013), and 83.6% (Riskesdas 2018). These results indicate that around one-third of children in the 1–4 
year age group were susceptible to diphtheria infection, with seronegative/partial protective diphtheria antibodies (diphthe-
ria IgG < 0.1 IU/mL), both in the data of Riskesdas 2007 (36.4%), 2013 (28.4%) and 2018 (27.4%).

In Riskesdas 2007 (Table 2A) bivariate analysis results found that age, gender, DTP immunization status, family socio-
economic status, nutritional status, and maternal education level were significantly associated with protective diphtheria 
antibody status (p < 0.05). Children aged 5–14 years were 2.74 times more likely to have significant protective diphtheria 
antibody status than children aged 1–4 years (POR = 2.74; p = 0.000). Boys also had significant higher of protective diph-
theria antibody than girls (POR = 2.64; p = 0.000). In addition, children who received complete DTP immunization showed 
significant higher chance of protection compared to children with incomplete immunization (POR = 1.98; p = 0.000).

Family economic status also showed a significant relationship, where children from middle-class (POR = 2.67; p = 0.000) 
and rich (POR = 2.39; p = 0.000) families had significant higher protective diphtheria antibodies than children from poor 
families. Likewise, normal nutritional status (POR = 2.46; p = 0.000) and over nutrition (POR = 2.55; p = 0.000) had approx-
imately 2.5 times the chance of having significant protective diphtheria antibodies compared to children with under nutri-
tion nutritional status. Maternal education was also a significant factor, where children with highly educated mothers had 
a 2.42 times greater chance of having significant protective diphtheria antibodies than those with low-educated mothers 
(p = 0.000).

However, after multivariate analysis, only two factors remained significant as independent predictors of protective diph-
theria antibody status, namely complete DTP immunization status and maternal education status. Complete DTP immu-
nization status (APOR = 1.46; 95% CI: 1.10–2.00; p = 0.020), showed that children who received complete immunization 

Fig 1.  The trend of diphtheria titer in children aged 1-14 years, urban area on Riskesdas 2007, 2013 and 2018. Antibody concentrations (IU/mL) 
and corresponding protection categories (seronegative/partial, full or long protection) are shown across age groups for each survey year. Stacked bars 
present the distribution of seronegative/partial protection, full protection, and long-term protection. Antibody titer for diphtheria is expressed in IU/mL 
units. The seronegative/partial protection titer is defined as <0.1 IU/mL. Full protection titer is defined as 0.1-1 IU/mL. And long protection titer is defined 
as >1 IU/mL). The solid line represents the geometric mean concentration (GMC, IU/mL) for each age group.

https://doi.org/10.1371/journal.pone.0343396.g001

https://doi.org/10.1371/journal.pone.0343396.g001
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were 1.46 times more likely to have significant protective diphtheria antibody status compared to those who were 
incomplete. Furthermore, children from mothers with high education status (APOR = 3.61; 95% CI: 1.50–8.68; p = 0.004), 
showed a significant increase in the protective diphtheria antibody compared to mothers with low education. While the 
economic status of middle class (APOR = 1.02, p = 0.932) and rich class (APOR = 0.64, p = 0.078) do not seem to show 
significant results, yet in the statistical test, this variable cannot be removed from the multivariate analysis. These results 
indicate that the relationship between socioeconomic status and protective diphtheria antibody status can be explained by 
the existence of other variables, especially the completeness of DTP immunization, which has a direct and strong influ-
ence on the protective diphtheria antibody status.

In Riskesdas 2013 and 2018 (Table 2B and 2C), based on bivariate analysis, it was found that child age, sex, area, 
DTP immunization status, socioeconomic status, nutritional status, and maternal education level were factors that played a 
significant role (p < 0.001) on protective diphtheria antibody status. Children with complete DTP immunization status were 
2.02 times (Riskesdas 2013, Adjusted POR = 2.02; 95% CI: 1.09–3.74; p = 0.027) and 2.19 times (Riskesdas 2018, Adjusted 
POR = 2.19; 95% CI: 1.33–3.60; p = 0.002) more likely to have significant protective diphtheria antibody status compared 
to children with incomplete immunization. Other factors such as age, gender, residence, socioeconomic status, nutritional 
status, and maternal education were no longer significant in the final model, indicating that their influence on diphtheria anti-
body seroprotective status was not independent, but rather through other pathways such as access to immunization. Only 
complete DTP immunization consistently remained a strong independent predictor across all three surveys.

Discussion

Differences in sample sizes across the three Riskesdas periods were primarily attributable to the expansion of sampling 
areas within provinces. These variations were appropriately addressed by applying sampling weights in accordance 

Fig 2.  The trend of diphtheria titer in children aged 1-14 years, urban and rural area on Riskesdas 2013 and 2018. Stacked bars show the distri-
bution of seronegative/partial protection, full protection, and long-term protection across age groups and survey years by urban/rural strata.

https://doi.org/10.1371/journal.pone.0343396.g002

https://doi.org/10.1371/journal.pone.0343396.g002
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Table 2.  Bivariate and multivariate analysis of diphtheriae immunity based on characteristic in children aged 1-14 years on Riskesdas 2007, 
2013 and 2018#.

n Bivariate Multivariate

n Weighting n Unweighting % Seronegative/ partial 
protective (<0.1 IU/mL)

% Protective 
(≥0.1 IU/mL)

POR p APOR Lower- 
Upper

p

A. Riskesdas 2007

Age

1-4 364,351 1,230 36.4 63.6 ref

5-14 1,236,593 4,372 26.7 73.3 2.74 0.000

Sex

Female 790,044 2,721 30.5 69.5 ref

Male 810,899 2,881 27.4 72.6 2.74 0.000

Areas

Urban 1,600,943 5,602 28.9 71.1

Rural

DTP Immunization Status (1–4 yo)

Complete 245,120 870 33.5 66.5 1.98 0.000 1.46 1.1-2.00 0.020

Incomplete 119,230 360 42.5 57.5 ref

Family Economy Status

Poor 772,704 2,708 30.1 69.9 ref

Middle 612,974 2,129 27.3 72.7 2.67 0.000 1.02 0.70-1.47 0.932

Rich 215,265 765 29.5 70.5 2.39 0.000 0.64 0.39-1.05 0.078

BMI Nutritional Status

Undernutrition 208,839 702 32.0 68 ref

Normal nutrition 1,126,797 3,936 28.9 71.1 2.46 0.000

Overnutrition 116,779 439 28.2 71.8 2.55 0.000

Maternal Education level

Low 216,292 681 32.3 67.7 ref

Medium 1,095,486 3,851 28.6 71.4 2.50 0.000 1.38 0.78-2.46 0.266

High 89,265 387 29.3 70.8 2.42 0.000 3.61 1.50-8.68 0.004

B. Riskesdas 2013

Age

1-4 229,958 568 28.4 71.6 ref

5-14 2,489,130 6,542 27.3 72.7 2.67 0.000

Sex

Female 1,317,226 3,446 27.4 72.6 ref

Male 1,401,862 3,664 27.3 72.7 2.66 0.000

Areas

Urban 1,324,241 2,940 27.9 72.1 ref 0.000

Rural 1,394,847 4,170 26.8 73.2 2.73

DTP Immunization Status (1–4 yo)

Complete 151,225 375 24.1 75.9 3.15 0.000 2.02 1.09-3.74 0.027

Incomplete 51,408 110 39.1 60.9 ref

Family Economy Status

Poor 1,003,564 2,980 30.6 69.4 ref

Middle 1,296,652 3,061 25.7 74.3 2.89 0.000

Rich 418,872 1,069 24.8 75.2 3.02 0.000

(Continued)
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with the national survey design. As a result, the analyses preserve population representativeness, allowing valid 
inferences regarding immunization coverage and serological protection among the Indonesian child population across 
survey years. Based on further data analysis Riskesdas 2007, 2013 and 2018 the proportion of non-protective diph-
theria IgG titers (<0.1 IU/mL) is quite high at the age of 1–6 years, possibly because there were still around 25–30% 
of toddlers who had not received complete diphtheria immunization (Table 1, Figs 1 and 2). These results are similar 
to research conducted by Le et al on the population in Vietnam, namely around 31.7% of children aged 0–5 years are 
susceptible to diphtheria [22].

n Bivariate Multivariate

n Weighting n Unweighting % Seronegative/ partial 
protective (<0.1 IU/mL)

% Protective 
(≥0.1 IU/mL)

POR p APOR Lower- 
Upper

p

BMI Nutritional Status

Undernutrition 214,351 640 26.6 73.4 ref

Normal nutrition 1,984,818 5,138 26.7 73.3 2.74 0.000

Overnutrition 133,776 346 19.3 80.7 4.17 0.000

Maternal Education level

Low 394,893 1,153 26.9 73.1 ref

Medium 1,966,464 4,916 27.6 72.4 2.27 0.000

High 90,822 255 21.2 78.8 3.03 0.000

C. Riskesdas 2018

Age

1-4 590,061 991 27.4 72.6 ref

5-14 3,461,039 6,207 14.6 85.4 5.86 0.000

Sex

Female 1,958,156 3,386 16.2 83.8 ref

Male 2,092,944 3,812 16.7 83.3 4.99 0.000

Areas

Urban 2,696,317 3,752 15.7 84.3 ref

Rural 1,354,783 3,446 17.9 82.1 4.59 0.000

DTP Immunization Status (1–4 yo)

Complete 385,919 657 21.4 78.6 3.68 0.000 2.19 1.33- 
3.60

0.002

Incomplete 107,222 167 35.3 64.7 ref

Family Economy Status

Poor 1,585,208 3,010 19.4 80.6 ref

Middle 1,276,772 2,261 15.2 84.8 5.59 0.000 1.76 1.06-2.93 0.028

Rich 600,335 919 12.8 87.2 6.8 0.000 1.26 0.66-2.39 0.479

BMI Nutritional Status

Undernutrition 295,107 543 16.1 83.9 ref

Normal nutrition 3,389,695 6,012 16.6 83.4 5.03 0.000

Overnutrition 334,438 582 15.6 84.4 5.41 0.000

Maternal Education level

Low 427,220 795 20.6 79.4 ref

Medium 3,045,551 5,268 16.0 84 5.25 0.000

High 216,953 407 13.4 86.6 6.46 0.000

Note: #Multiple Regression Logistic Analysis, POR: Prevalence Odds Ratio, APOR: Adjusted Prevalence Odds Ratio.

https://doi.org/10.1371/journal.pone.0343396.t002

Table 2.  (Continued)

https://doi.org/10.1371/journal.pone.0343396.t002
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During the data collection of Riskesdas 2007, 2013 and 2018, national immunization program for diphtheria in Indone-
sia was given to infants aged 2, 3 and 4 months as basic immunization. Furthermore, booster or follow-up immunization 
was given to children aged 18 months and elementary school students in the first, second and fifth grades [13]. For infants 
and children aged 18 months, the diphtheria vaccine was given in the form of a DTP-HB-Hib, diphtheria vaccine prepared 
together with tetanus, pertussis, hepatitis B, and Haemophilus influenzae type-B (Hib) vaccines. Meanwhile, for elemen-
tary school students, the diphtheria vaccine was given in the form of a DT vaccine preparation for elementary school stu-
dents in the first grade, and the Td vaccine with a lower diphtheria toxoid concentration to avoid increased reactogenicity 
in the fourth and fifth doses was given to elementary school students in the second and fifth grades [23–25]. Therefore, in 
line with the national immunization program of diphtheria booster vaccination for elementary school students, according to 
Riskedas data, the diphtheria IgG antibody titer had increased again and was highest at the age of 7–10 years (Figs 1 and 
2). However, after reaching the age of ten years old, there was a decrease in the titer of diphtheria IgG antibody. Mean-
while, the most vulnerable age group (with non-protective diphtheria IgG titer) is 5–6 years old (Figs 1 and 2) in all three 
periods of Riskesdas. Previous study reported by Yusoff et al (2021) on the population in Malaysia with a sample size of 
3,317 respondents also showed the same results, where children aged 5–6 years were most susceptible to diphtheria 
infection [26]. These results suggest that diphtheria vaccination boosters should be considered for both 5–6 years old of 
age and adolescents.

Diphtheria seroprotection in Riskesdas 2007, 2013 and 2018 ranged from 71.1%−83.6%, consisting of full protection 
and long protection. Long-term protection is defined as an antibody concentration ≥1 IU/mL [4]. Previous study showed 
that five years post-vaccination the antibodies started to wane slightly, but still remained higher than pre-vaccination [27]. 
The percentage of diphtheria long-term protective antibody in Riskesdas 2018 is found to be two to three fold higher than 
those in Riskesdas 2007 and 2013, in both urban and rural areas (2018 compared to 2013) (Figs 1 and 2). This is likely 
due to the diphtheria outbreak resulting in an increase in the immune response due to exposure to natural toxigenic C. 
diphtheriae infection and the additional diphtheria immunization program. During 2017, there was a diphtheria outbreak 
in 170 districts/cities from 30 provinces with 954 cases and 44 deaths, continuing until 2018. So that in December 2017–
2018 through the outbreak response immunization (ORI) program, diphtheria vaccination was carried out targeting chil-
dren aged 1–19 years. Diphtheria vaccine was given in the form of DPT-HB-Hib preparations for children aged 1–5 years, 
DT vaccine for children aged 5–7 years and Td vaccine for children aged over seven years. ORI aimed to increase com-
munity immunity so that it can break the chain of transmission. ORI diphtheria was implemented in three rounds, where 
the first round was implemented in 12 districts/cities in three provinces, namely DKI Jakarta, Banten and West Java, with 
an average coverage of 68.36% with a total target of 7.9 million. Furthermore, it was gradually implemented in 11 other 
provinces with the criteria of districts/cities that still have new case reports, which often report diphtheria outbreaks during 
2017, which have diphtheria deaths, which have low routine immunization coverage <90% [24]. This result is also in 
accordance with the research conducted by Hughes et al, which showed that although DTP immunization coverage was 
higher in districts with low diphtheria incidence, immunity was significantly lower compared to districts with high diphtheria 
incidence. The higher levels of seroprotection observed in 2018 likely reflect the combined effects of routine immunization, 
booster dose implementation, and emergency vaccination responses, rather than survey year effects alone. Accordingly, 
DTP4 introduction and ORI activities are best regarded as plausible contributors to improved population-level immunity. 
Given the cross-sectional nature of the data, causal attribution to specific interventions is not possible, and observed 
patterns should be interpreted as descriptive of cumulative programmatic impact. High immunity in districts with high inci-
dence is most likely due to natural immunity obtained through exposure to toxigenic C. diphtheriae infection and receiving 
a diphtheria vaccination booster [28].

Bivariate analysis of Riskesdas 2007, 2013 and 2018 data showed several factors that influence diphtheria seropro-
tection in children in Indonesia, such as age, gender, immunization status, family economic status, nutritional status and 
maternal education level (Table 2). However, multivariate analysis in the three Riskesdas periods showed that complete 
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DTP immunization status in children aged 1–4 years was a factor that significantly influenced (Riskesdas 2007: p = 0.020, 
Riskesdas 2013: p = 0.027, Riskesdas 2018: p = 0.002) diphtheria seroprotection.

Factors influencing the completeness of immunization status in children aged under five years include maternal educa-
tion level. Mothers with higher educational levels are often associated with a better understanding of child health, includ-
ing the importance of immunization. In addition, older maternal age is also a contributing factor, as it is associated with a 
greater ability to make independent decisions. Furthermore, the presence of professional midwives during childbirth, who 
provided antenatal and perinatal services, including immunization, also played a significant role [29–32]. Accessibility of 
healthcare facilities, such as Puskesmas (primary healthcare) or Posyandu (integrated health posts), were also reported 
to play a crucial role in increasing immunization coverage [33,34]. Adequate vaccine availability at healthcare facilities, 
along with friendly and informative healthcare workers who foster maternal trust in immunization programs, were also 
found as important factors contributing to increased immunization coverage [35–38].

In children who have completed the DTP3 immunization series, the highest GMC of diphtheria IgG antibodies was 
observed in one year old, with seroprotective proportions of 77% (Riskesdas 2007) and 81.37% (Riskesdas 2013). These 
proportions declined with age, reaching 67.69% (Riskesdas 2007) and 60.88% (Riskesdas 2013) by four years of age (S1 
Table). However, data from Riskesdas 2018 indicated a slightly different trend: while seroprotective proportion of diph-
theria was high in one year old (82.8%), it peaked at two years of age (89.75%) before declining to 72.94% by four years 
of age (S1 Table). Riskesdas 2013 data showed a decrease of IgG diphtheria titer (GMC 0.33 IU/mL to 0.18 IU/mL – S1 
Table). Meanwhile, Riskesdas 2018 data showed an increase of IgG diphtheria in children aged 1–2 years old (GMC 0.48 
IU/mL to 0.77 IU/mL – S1 Table). The rise in GMC levels observed in 2018 should be interpreted in the context of over-
lapping immunization activities. Although the introduction of DTP4 represents a programmatic strengthening of the routine 
vaccination schedule, the extensive ORI campaigns conducted during the 2017–2018 national diphtheria outbreak may 
also have contributed to the enhanced antibody response. Similar to findings from previous outbreak response evalua-
tions, supplemental booster doses delivered through ORI are known to elevate population-level immunity, particularly in 
older children and adolescents who may have waning protection [39,40]. Given that vaccination data did not allow us to 
differentiate between doses obtained through routine services versus ORI, the relative contribution of DTP4 alone can-
not be fully disentangled. Therefore, the 2018 GMC increase is best interpreted as the cumulative effect of both routine 
schedule enhancement and intensified outbreak response measures. Nonetheless, immunity appears to decrease again 
after two years of age.

We acknowledge that observed patterns of declining diphtheria antibody levels with age are consistent with waning 
immunity post-vaccination, as documented in multiple seroepidemiological studies across different settings. Systematic 
reviews of DTP-containing vaccines have demonstrated measurable declines in post-vaccination immunity for diphtheria 
over time, highlighting the potential need for booster doses to maintain protection beyond early childhood [41]. Age- 
stratified serosurveys in other populations reveal similar decreases in protective antibody titers in older children and adults 
in the absence of recent boosting, suggesting that immunity gaps may persist despite high routine coverage [26]. While 
these cross-sectional findings support consideration of booster strategies, definitive conclusions regarding optimal booster 
timing and causal programmatic effects require longitudinal cohort studies, program evaluations, or formal transmission 
and immunity modeling that explicitly account for waning dynamics and vaccination history [40]. These findings suggest 
that completing the diphtheria immunization series significantly enhances children’s immunity against diphtheria, but this 
immunity wanes over time.

Immunization that is given completely according to the recommended dose can trigger an optimal adaptive immune 
response so that it can form long-term immunity. Although high maternal antibodies in newborns can cause low antibody 
titers after two doses of diphtheria immunization, after completing three doses of primary immunization, most infants have 
protective antibodies and as many as 94–100% of children have minimal seroprotection (titer >0.01 IU/mL) [42]. These 
results confirm that complete basic immunization coverage according to the immunization schedule is very important. 
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Meanwhile, data from the three periods of Riskesdas indicated that the coverage of complete basic immunization remains 
below 80% (Table 1), thereby underscoring the need to intensify efforts to increase the coverage of both the third (DTP3) 
and fourth (DTP4) doses of the diphtheria vaccine. By maintaining national immunization coverage above 80%, herd 
immunity or immunity in the community is expected to be achieved so that the threat of outbreaks in the future can be 
reduced [43]. A meta-analysis of 266 articles on diphtheria and 55 articles on diphtheria outbreaks showed that three 
doses of diphtheria toxoids were effective in preventing symptomatic disease by 87% and reducing transmission by 60%. 
However, vaccination alone is certainly not enough and needs to be accompanied by active surveillance and appropriate 
antibiotic treatment [44].

The apparent discrepancy between the IDAI recommendation and the school-based immunization program warrants 
clarification. According to IDAI, the second DTP booster is recommended at approximately five years of age, before 
school entry, to sustain immunity against all three antigens [10]. However, under Indonesia’s national school-based immu-
nization program (Bulan Imunisasi Anak Sekolah, BIAS), children in Grade 1 of elementary school typically receive a DT 
(diphtheria–tetanus) vaccine, which omits the pertussis component. This difference arises from operational and logistical 
adaptations in the national immunization schedule, rather than from conflicting policy guidance. Consequently, references 
of our study to school-based boosters should be understood as reflecting the implementation of the DT vaccine prepara-
tion under the BIAS program, while the IDAI recommendation pertains to the broader pediatric vaccination guidance.

National evidence showed that closing the gap in vaccination coverage had proven to be more effective and 
cost-effective than controlling the outbreak itself, as was the case with the diphtheria outbreaks in East and West Java 
in 2017 and 2023 respectively [39,45]. In Riskesdas 2007, in addition to immunization status, low maternal education 
level was also an influential factor (APOR = 3.61, p = 0.004) on diphtheria seroprotection compared to higher educa-
tion. Maternal education plays an important role in improving health knowledge, attitudes, and practices, including 
compliance with the child immunization schedule. Mothers with higher education better understand the importance of 
immunization and its schedule. Education is also often associated with the ability to access valid health information 
and better use of health services. Many studies have shown that maternal education is significantly related to the 
completeness or incompleteness of children’s basic immunization, which has an impact on increasing immunization 
coverage and the resulting immunity [46,47].

In Riskesdas 2018, seroprotection was also significantly associated with household economic status, with individuals 
from poor households showing different odds of seroprotection compared with those from middle-income households 
(APOR = 1.76; p = 0.028). From a social determinants of health perspective, socioeconomic status influences health 
outcomes through access to key intermediary factors, including education, healthcare services, and adequate nutrition. 
However, in the context of immunological protection, immunization completeness appears to be a more proximal and 
dominant intermediary determinant. Household economic status is closely linked to complete versus incomplete immuni-
zation, which in turn affects overall immunization coverage and levels of seroprotection. This relationship is supported by 
studies from Afghanistan and India, which reported that children from wealthier households had a 36% higher likelihood of 
receiving complete immunization compared with children from the poorest households, even after adjustment for potential 
confounders [48,49].

This study is based on available secondary data, which might lack specificity about the brand, lot consistency and 
exact formulation type of the vaccine [50]. Additionally, there was little information available regarding the circumstances 
in which vaccinations were given, such as whether they took place just in public health centers or also in private medical 
facilities which limits this study scope. Our capacity to evaluate possible variations in vaccination quality, handling, and 
administration procedures is hampered by the lack of these specifics. Secondarily, the observed variations in seroprotec-
tion levels could have been caused by regional variations in the types of diphtheria-tetanus-pertussis (DTP) vaccinations 
used. For instance, a higher prevalence of acellular pertussis (DPaT) vaccine usage in private healthcare settings, as 
opposed to whole-cell pertussis (DPwT) vaccinations more frequently used in public immunization programs, may be the 
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reason for lower seroprotection rates seen in certain urban area. These variations in vaccine formulation and cold chain 
are known to affect profiles of immunogenicity, which might complicate the comparisons [51,52].

The limitation of this study is that individual-level immunization history was available only for children aged 1–4 years. 
As a result, findings related to complete DTP immunization cannot be directly extrapolated to older age groups. Inter-
pretations for these age groups are therefore based on observed age-specific serological patterns rather than confirmed 
individual vaccination histories. Observed serological patterns among older children likely reflect cumulative programmatic 
effects and waning immunity, and any comparisons with immunization coverage data at broader levels should be inter-
preted as ecological. Additionally, Riskesdas 2007 included only urban respondents, which may reduce comparability with 
later surveys and introduce urban–rural bias when interpreting changes over time. These limitations should be considered 
when generalizing the findings, and future studies incorporating detailed vaccine registry data, heterologous immunity 
between DTP and Covid-19 vaccines and mixed-methods assessments of immunization practices are warranted to better 
elucidate the determinants of diphtheria seroprotection.

Conclusions

Using nationally representative Riskesdas data from 2007, 2013, and 2018, this study identifies persistent immunity gaps 
against diphtheria in Indonesia, with a high proportion of children aged 1–6 years lacking protective antibody levels and 
a marked decline in diphtheria IgG titers after 10 years of age. Although population-level seroprotection improved in 2018 
following the introduction of the DTP4 booster and ORI activities, immunity remains suboptimal. Across all survey years, 
complete DTP immunization consistently emerged as the strongest independent determinant of diphtheria seroprotection, 
highlighting the central role of achieving and sustaining complete routine immunization coverage. These findings under-
score the need to strengthen routine DTP delivery and to optimize booster dose strategies, including consideration of 
earlier and adolescent boosters, to mitigate waning immunity and prevent recurrent diphtheria outbreaks.
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