TJ Turkish
Journal of
PD Pgdiatric
Disease
Turkish Journal of Pediatric Disease
Turkiye Cocuk Hastaliklari Dergisi

Aslihan Kése Cetinkaya, Deniz Dogru, Giizin Cinel, Ebru Yalcin, Ugur Ozgelik, Nural Kiper, Hasan Ozen, Ayfer Alikasifodlu, Burcin Sener, Turk J Pediatr Dis
Didem Dayangac¢ Erden

‘ginal Articles

B Clinical and laboratory findings of patients with cystic fibrosis: a single center experience from Tlrkiye

asessI(] UIBIPad JO [euInop ysixn|

Volume 19 © Number 3 ¢ May 2025
B Port-catheter complications in children with malignancy

Mihrimah Selcen Bagci, Arzu Yazal Erdem, Namik Yasar Ozbek, Nese Yarali
B Neurologic toxicity in children with acute lymphoblastic leukemia
Ahmet Serkan Ozcan, Ayca Koca Yozgat, Yunus Murat Akcabelen, Melek Isik, Namik Yasar Ozbek, Htisniye Nese Yarali
B Environmental tobacco exposure linked to lower oxygen saturation in infants with community-acquired lower respiratory tract infections

Cansu Altuntas, Saliha Senel, Pelin Zorlu

B Attitude and barriers towards epilepsy surgery: a survey among pediatricians and pediatric residents in Tlrkiye
Ozge Dedeodlu, Deniz Yimaz, Didem Ardich, Esra Giirkas, Aysegil Nese Crtak Kurt, Ayse Kartal

B Clinical and demographic characteristics of Becker muscular dystrophy cases o
Yigithan Gtizin, Sevcan Deniz Dogan, Gamze Sarikaya Uzan, Gizem Dogan, Berk Ozyimaz, Bakiye Tuncay, Figen Baydan \Q;):-\.

B Differential laboratory findings of common respiratory viruses in hospitalized children: a retrospective study
Furkan Kalayci, Kaan Celebier

B Prognosis of chronic urticaria in children
Saniye Yasemin Yilmaz, llknur Kiilhas Celik, Hasibe Artag

Tquﬂsh
Jaurnal of
Pediatric
Disease

B An overview of the etiology of vaccine hesitancy and refusal
Irem Altinisik, Eda Ozaydin, Aysun Kara Uzun

L

G20z AeN € JequinN 6| BWN[OA

https://dergipark.org.tr/fen/pub/tchd
ISSN 1307-4490

E-ISSN 2148-3566




ISSN: 1307-4490

Tur |( I S h E-ISSN 2148-3566

J l f Vol.19, No.3, May 2025
ournal o
Pediatric

D I S e a S e Official Journal of Ankara Bilkent City Hospital, Children’s Hospital

Editor-in-Chief

ibrahim ilker CETIN MD, Ankara, Tirkiye
Pediatric Cardiology, Ankara Yildinm Beyazit University

Associate Editor-in-Chief
Neriman SARI MD, Ankara, Tlrkiye
Pediatric Hematology and Oncology, University of Health Sciences

Editors
Dilber ADEMHAN TURAL MD, Ankara, Tiirkiye Raymond HADDAD MD, Paris, France
Pediatric Chest Diseases, Ankara Yildinm Beyazit University Pediatric and Congenital Cardiology, Necker Enfants Malades University Hospital
Nisreen AMAYIRi MD, Amman, Jordan Ciineyt KARAGOL MD, PhD, Ankara, Tirkiye
Pediatric Neuro-Oncology, King Hussein Cancer Center Pediatric Rheumatology, Ankara Bilkent City Hospital
Didem ARDICLI MD, Ankara, Ttirkiye A. Merter KEQELi MD, Ankara, Tiirkiye
Pediatric Neurology, Ankara Bilkent City Hospital Pediatric Radiology, University of Health Sciences
Miijdem Nur AZILI MD, Ankara, Turkiye Korgun KORAL MD, Dallas, USA
Pediatric Surgery, Ankara Yildinm Beyazit University Pediatric Neuroradiology, Southwestern Medical School, University of Texas
Umut Selda BAYRAKGCI MD, Ankara, Ttirkiye Enrico LOMBARDI MD, Florence, Italy
Pediatric Nephrology, Ankara Yildinm Beyazit University Pediatric Chest Diseases, Anna Meyer Children’s Hospital
Yonca BULUT MD, Los Angeles, USA Artur MAZUR MD, Rzeszow, Poland
Pediatric Critical Care, David Geffen School of Medicine Pediatric Endocrinology, Medical Collage of Rzeszow University
Pelin CENGIZ MD, Washington, USA Ender ODEMIS MD, istanbul, Tirkiye
Pediatric Critical Care, University of Wisconsin Pediatric Cardiology, Ko¢ University
Enes COSKUN MD, London, UK Alkim ODEN AKMAN MD,PhD, Ankara, Turkiye
Pediatric Hepatology and Nutrition, King’s College Hospital Adolescent Health, University of Health Sciences
Bahar CUHACI CAKIR MD, Ankara, Tiirkiye Ashwin PIMPALWAR MD, Richmond, USA
Social Pediatrics, Gazi University Pediatric Surgery, Bon Secours Mercy Health Children’s Hospital
istemi Han CELIK MD, Ankara, Turkiye Orkun TOLUNAY MD, Ankara, Tiirkiye
Neonatology, University of Health Sciences Pediatrics, University of Health Sciences
Emine DIBEK MISIRLIOGLU MD, Ankara, Tiirkiye Siileyman Tolga YAVUZ MD, Bonn, Germany
Pediatric Allergy and Clinical Immunology, University of Health Sciences Pediatric Allergy, Children’s Hospital, University of Bonn

Serhat EMEKSIZ MD, Ankara, Tirkiye
Pediatric Intensive Care, Ankara Yildinm Beyazit University

Managing / Language Editor Statistics / Proofreading Editor
Metin YiGIT MD, Ankara, Turkiye Basak YALCIN BURHAN MSci, PhD, Ankara, Tlrkiye
Publication Editor Web and Social Media Editor
Emel KAYMAZ, Ankara, Turkiye Musa TURHAN, Ankara, Tirkiye



Vol.19, No.3, May 2025
T J Turkish SRy
Journal of aTE
P D Pediatric
Disease
Owner on Behalf of the Ankara Bilkent City Hospital Children’s Hospital

Namik Yasar OZBEK

Physician in Chief
Ankara Bilkent City Hospital, Children’s Hospital, Ankara, Tlrkiye

“**t«,-“'

Head Office
Emel KAYMAZ, Basak YALCIN BURHAN, Musa TURHAN

Ankara Bilkent City Hospital, Children’s Hospital, TUrkiye
Telephone: +90 (312) 552 60 00 / 401506
tchdergisi@gmail.com

Press Office
FABRIKA MATBAACILIK

Tic. Sic. No: 393545, Mersis No: 0384 0359 0820 0013
ivedik O.S.B. Mah. 1372 Sk. No: 23 Yenimahalle / Ankara, Tirkiye

info@fabrikabaskida.com, www.fabrikabaskida.com
Tel: +90 (312) 397 38 78 - Fax: +90 (312) 397 56 31

Publication Type
Common periodical

Published six issues per year
January, March, May, July, September, November

Printing Date 1 14.05.2025

Publication Languag : English
Publishing Frequency : Bimonthly

This journal printed on acid-free paper

Turkish Journal of Pediatric Disease has been a member of the DOI® system since March 2013.

Turkish Journal of Pediatric Disease is indexed in Turkish Medical Index of TUBITAK/ULAKBIM,

EBSCOhost Research Databases, CINAHL and TUrkiye Citation Index.

The paper used to print this journal conforms to ISO 9706: 1994 standard (Requirements for Permanence).
The National Library of Medicine suggests that biomedical publications be printed on acid-free paper (alkaline paper).

ENVIRONMENTAL INFORMATION

The company that manufactures the paper used in this journal has an ISO 14001 environmental management certificate. The company

obtains all wood fiber in a sustainable manner. The forests and plantations of the company are certified. The water used in production is

purified and used after recovery. Heavy metals or film are not used for the publication of this journal. The fluids used for developing the
PAP aluminum printing templates are purified. The templates are recycled. The inks used for printing do not contain toxic heavy metals.

This journal can be recycled. Please dispose of it in recycling containers.



Tiirkiye Cocuk Hastaliklar Dergisi / Turkish Journal of Pediatric Disease Vol. 19, No. 3, 2025

INSTRUCTIONS FOR AUTHORS

The Turkiye Cocuk Hastaliklar Dergisi / Turkish Journal of Pediatric Disease is an open access and a scientific publication journal that is
published from the Ankara Bilkent City Hospital, Children’s Hospital. The journal is published in accordance with independent, unbiased, and
double-blind peer review principles. The journal is published bimonthly (January, March, May, July, September, November).

In the Turkish Journal of Pediatric Disease, original articles, reviews, case reports, editorials, short reports, book reviews, biographies and letters
to the editor are published. Besides if related with pediatrics, articles on aspects of pediatric surgery, dentistry, public health, genetics, psychiatry,
nursery and other related disciplines of science could be published. The publication language of Turkish Journal of Pediatric Disease is English.

The editorial and the publication processes of the journal are shaped in accordance with the guidelines of the World Association of Medical
Editors (WAME), the Committee on Publication Ethics (COPE), the International Council of Medical Journal Editors (ICMJE), the Council of
Science Editors (CSE), the European Association of Science Editors (EASE) and National Information Standards Organization (NISO). The journal
conforms to the Principles of Transparency and Best Practice in Scholarly Publishing (doaj.org/bestpractice).

The originality, high scientific quality, and the citation potential are the most important criterias for a manuscript to be accepted for the publication.
Manuscripts submitted for the evaluation should not have been previously presented or already published in an electronic or printed medium. The
journal should be informed if manuscript have been submitted to another journal for the evaluation and have been rejected for the publication.
The submission of previous reviewer reports will expedite the evaluation process. Manuscripts that have been presented in a meeting should be
submitted with a detailed information of the organization, including the name, date, and location of the organization.

Manuscripts submitted to the Turkish Journal of Pediatric Disease will go through a double-blind peer-review process. Each submission will be
reviewed by at least two external, independent peer reviewers who are experts in the field, in order to ensure an unbiased evaluation process.
The Editor in Chief is the final authority in the decision-making process for all submissions. Articles accepted for publication in the Turkish Journal
of Pediatric Disease are put in the order of publication taking into account the acceptance dates. If the articles sent to the reviewers for evaluation
are assessed as a senior for publication by the reviewers and the editors, considering all aspects (originality, high scientific quality and citation
potential), it receives publication priority in addition to the articles assigned for the next issue.

An approval of the research protocols by the Ethics Committee in accordance with international agreements (World Medical Association
Declaration of Helsinki “Ethical Principles for Medical Research Involving Human Subjects,” amended in October 2013, www.wma.net) is required
for the experimental, clinical, and drug studies and for some case reports. And also ethics committee reports or an equivalent official document
will be requested from the authors. For manuscripts that are concerning experimental researchs on humans, a statement should be informed
included that shows a written informed consent of the patients and the volunteers who were given a detailed explanation of the procedures
that they may undergo. For studies carried out on animals, the measures taken to prevent pain and suffering of the animals should be stated
clearly. Information of the patient consent, the name of the ethics committee, and the ethics committee approval number should also be stated
in the Materials and Methods section of the manuscript. It is the authors’ responsibility to carefully protect the patients’ anonymity carefully. For
the photographs that may reveal the identities of the patients, releases signed by the patient or their legal representative should be enclosed.

A similarity report in terms of plagiarism will be requested in accordance with the agreement between DergiPark and intihal.net for all manuscript
submissions. Authors will be informed during the submission process and the system will prepare a report during the file upload step and
the result will be sent to the author via e-mail. The author will be able to complete the submission process at this stage. In order to submit a
manuscript to the Turkish Journal of Pediatric Disease, the similarity rate should be maximum 20%.

In the event of alleged or suspected research misconduct, e.g., plagiarism, citation manipulation, and data falsification/fabrication, the Editorial
Board will follow and act in accordance with the COPE guidelines.

Each individual listed as an author should fulfill the authorship criteria recommended by the International Committee of Medical Journal Editors
(ICMJE - www.icmje.org). The ICMJE recommends that authorship should be based on the following 4 criteria:

1. Substantial contributions to the conception or design of the work; or the acquisition, analysis, or interpretation of data for the work; AND
2. Drafting the work or revising it critically for important intellectual content; AND
3. Final approval of the version to be published; AND

4. Agreement to be accountable of all aspects of the work in ensuring that questions related to the accuracy or the integrity of any part of the
work are appropriately investigated and resolved.

In addition to being accountable for the parts of the work he/she had done, an author should be able to identify which co-authors are responsible
for the specific other parts of the work. In addition, authors should have confidence in the integrity of the contributions of their co-authors.

All those designated as authors should meet all of the four criteria for authorship, and all who meet the four criteria should be identified as
authors. Those who do not meet all of the four criteria should be acknowledged in the title page of the manuscript.

The Turkish Journal of Pediatric Disease requires corresponding authors to submit a signed and scanned version of the authorship contribution
form (available for download through https://dergipark.org.tr/en/pub/tchd) during the initial submission process in order to act appropriately
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on authorship rights and to prevent ghost or honorary authorship. If the editorial board suspects a case of “gift authorship,” the submission
will be rejected without a further review. As a part of the submission of the manuscript, the corresponding author should also send a short
statement declaring that he/she accepts to undertake all of the responsibility for the authorship during the submission and review stages of
the manuscript.

The Turkish Journal of Pediatric Disease requires and encourages the authors and the individuals who involved in the evaluation process of
submitted manuscripts to disclose any existing or potential conflicts of interests, including financial, consultant, and institutional, that might
lead to the potential bias or a conflict of interest. Any financial grants or other supports received for the submitted study from individuals
or institutions should be disclosed to the Editorial Board. To disclose a potential conflict of interest, the ICMJE Potential Conflict of Interest
Disclosure Form should be filled in and submitted by all of the contributing authors. Cases of the potential conflict of interest of the editors,
authors, or reviewers are being resolved by the journal’s Editorial Board within the scope of COPE and ICMJE guidelines.

The Editorial Board of the journal handles all of the appeal and complaint cases within the scope of COPE guidelines. In such cases, authors
should get in direct contact with the editorial office to regard their appeals and complaints. When needed, an ombudsperson may be assigned
to resolve cases that cannot be resolved internally. The Editor in Chief is the final authority in the decision-making process for all of the appeals
and complaints.

When submitting a manuscript to the Turkish Journal of Pediatric Disease, authors should accept to assign the copyright of their manuscript
to the Turkish Journal of Pediatric Disease. If authors rejected for publication, the copyright of the manuscript will be assigned back to the
authors. The Turkish Journal of Pediatric Disease requires each submission to be accompanied by a Copyright Transfer and Acknowledgement
of Authorship Form (available for download at https://dergipark.org.tr/en/pub/tchd). When using previously published content including figures,
tables, or any other material in both of the print and electronic formats, authors must obtain permission from the copyright holder. Legal,
financial and criminal liabilities in this regard belong to the author(s).

Statistical analysis to support the conclusions are usually necessary. Statistical analyses must be conducted in accordance with the international
statistical reporting standards (Altman DG, Gore SM, Gardner MJ, Pocock SJ. Statistical guidelines for contributors to medical journals. Br
Med J 1983: 7; 1489-93). Information about the statistical analyses should be provided with a separate subheading under the Materials and
Methods section and the statistical software that was used during the process must be specified certainly.

Statements or opinions expressed in the manuscripts published in the Turkish Journal of Pediatric Disease reflect the views of the author(s) and

not the opinions of the editors, the editorial board, or the publisher; the editors, the editorial board, and the publisher disclaim any responsibility
or liability for such materials. The final responsibility in regard to the published content rests with the authors.

MANUSCRIPT PREPARATION

The manuscripts should be prepared in accordance with the ICMJE-Recommendations for the Conduct, Reporting, Editing, and Publication of Scholarly
Work in Medical Journals (Updated January 2024 - http://www.icmje.org/recommendations).

CONSORT Randomised controlled trials

STROBE Observational epidemiological research
STARD Diagnostic accuracy

PRISMA Systematic reviews and meta-analysis
ARRIVE Experimental animal studies

TREND Non-randomized public behavior

Manuscripts can only be submitted through the journal’s online manuscript submission and evaluation system, available at www.dergipark.org.tr/en/
journal/2846/submission/step/manuscript/new. Manuscripts submitted via any other way will not be evaluated.

Manuscripts submitted to the journal will go firstly through a technical evaluation process where the editorial office staff will ensure that the manuscript
has been prepared and submitted in accordance with the journal’s guidelines. Submissions not conforming to the journal’s guidelines will be returned to
the submitting author with the technical correction requests.

Authors are required to submit the following:

Copyright Transfer and Acknowledgement of Authorship Form and ICMJE Potential Conflict of Interest Disclosure Form (should be filled in by all of the
contributing authors) during the initial submission. These forms are available for downloading at www.dergipark.org.tr/en/pub/tchd.

Manuscripts should be written using Microsoft Word™ (2010 and higher) software, in Times New Roman, 12 point size and double line spacing. There
should be 2 cm margins on all sides on the pages. “System International” (Sl) units should be used in manuscripts. Tables and graphics should be cited
in the text. Abbreviations can be used provided that they are written openly at the first place they appear in the abstract and text, and the abbreviation
is given in parentheses.

In the article, when giving the mean and percentile, 2 digits should be used after the decimal point (such as 231.69 or 231.70, instead of 231.7). In the
representations other than integers, two digits should be written after the dot, and in the representation of statistical values (such as p, r, t, z values),
three digits should be written after the dot. In the presentation of p values, instead of p<0.05 or p>0.05, the full p value should be given with three digits
after the dot (eg p=0.029) with the test statistic. If this value is less than one thousand, it should be displayed as p<0.001.
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Preparation of the Manuscript Title page:

Title page should be submitted for all of the submissions and this page should include:

Title page of the manuscript should include the English title of the article. The title page should include the authors’ names, degrees, ORCID number and
the institutional/professional affiliations, a short title (max 50 character), abbreviations, financial disclosure statement, and the conflict of interest statement.
If a manuscript includes authors from more than one institution, each author’'s name should be followed by a superscript number that corresponds to his/
her institution, which is listed separately. Please provide a contact information for the corresponding author, including name, e-mail address, and telephone
and fax numbers.

Important Notice: The title page should be submitted separately.
Keywords: Each submission must be accompanied by a minimum of three to a maximum of six keywords for subject indexing at the end of the abstract. The

keywords should be listed in full without abbreviations. The keywords should be selected from the National Library of Medicine, Medical Subject Headings
database (https://www.nIm.nih.gov/mesh/MBrowser.html).

MANUSCRIPT TYPES

Original Articles:

Word count: Maximum 4000 words

Title: Maximum 20 words

Abstract: Maximum 300 words (Objective, Materials and Methods, Results and Conclusion)

Keywords: 3-6 word, listed in alphabetical order

Figures and tables: Maximum 5

References: It should be at least 20 and at most 40

The original articles should include an English title, an English structured abstract and English keywords. It is widely acknowledged that the abstract is of
critical importance to the majority of readers, as it is the first section they will read. Furthermore, a significant number of electronic databases only integrate
abstracts into their index, which emphasises the importance of including key findings in the abstract. The remaining sections of the manuscript should

include the following: Introduction, Materials and Methods, Results, Discussion, Conclusion, Acknowledgement (if required) and References. All sections of
the manuscript should start on a new page.

Review Articles:

Word count: Maximum 5000 words

Abstract: Maximum 500 words (Objective, Materials and Methods, Results and Conclusion)
Keywords: 3-6 word, listed in alphabetical order.

Figures and tables: Maximum 5

References: It should be at least 40 and at most 60

Review articles are comprehensive analyses of the specific topics in medicine, which are written upon the invitation due to extensive experience and
publications of authors on the review subjects. All invited review articles will also undergo peer review prior to the acceptance. Review articles should include;
English title, English abstract and English key words.

Case Reports:

Word count: Maximum 2000 words

Abstract: Maximum 200 words

Keywords: 3-6 word, listed in alphabetical order

Figures and tables: Maximum 5

References: It should be at least 5 and at most 15

There is a limited space for the case reports in the journal and reports on rare cases or conditions that constitute challenges in the diagnosis and the
treatment, those offering new therapies or revealing knowledge that are not included in the literature, and interesting and educative case reports are being/
will be accepted for publication. The text should include Introduction, Case Presentation and Discussion. Case reports should include; English title, English
abstract and English key words.

Letters to the Editor:

Word count: Maximum 1500 words

Figures and tables: Maximum 3

References: It should be at least 5 and at most 15

This type of manuscript discusses about the important parts, overlooked aspects, or lacking parts of the previously published article. Articles on subjects
within the scope of the journal that might attract the readers’ attention, particularly educative cases, may also be submitted in the form of a Letter to the
Editor. Readers can also present their comments on published manuscripts in the form of a Letter to the Editor. An abstract and Keywords should not be
included. Tables, Figures, Images, and other media can be included. The text should not include subheadings. The manuscript that is being commented on,
must be properly cited in this manuscript. Letters to the Editor should include; English title.
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Study Protocols:

The Turkish Journal of Pediatric Disease welcomes study protocols to improve the transparency of research and inform the scholarly community about
the trials that are being underway. Publication decision of study protocols will be by editorial decision. Study protocols for the pilot or feasibility studies
are not generally taken into consideration. Study protocol articles should follow the SPIRIT guidelines that provides a detailed account of the hypothesis,
rationale, and methodology of the study. All study protocols must provide an Ethics Committee Approval. All protocols for the clinical trials require a trial
registration number and the date of registration.

Tables

Tables should be included in the main document, presenting after the reference list, and they should be numbered consecutively in the order they are
referred in the main text. A descriptive title must be placed above the tables. Abbreviations used in the tables should be defined below the tables by the
footnotes (even if they were defined within the main text). Data presented in the tables should not be a repetition of the data presented within the main text
but should be supporting the main text. The following symbols should be used for abbreviations in sequence: *, 1, £, §, ||, 1, **, T1, ¥t

Figures and Figure Legends

Figures, graphics, and photographs should be submitted as separate files (in TIFF or JPEG format) through the submission system. The files should not
be embedded in a Word document or in the main document. When there are figure subunits, the subunits should not be merged to form a single image.
Each subunit should be submitted separately through the submission system. Images should not be labeled (a, b, ¢, etc.) to indicate figure subunits. Thick
and thin arrows, arrowheads, stars, asterisks, and similar marks can be used on the images to support figure legends. Like the rest of the submission, the
figures should also be blind. Any information within the images that may indicate an individual or an institution should be blinded. The minimum resolution
of each submitted figure should be 300 DPI. To prevent delays in the evaluation process, all submitted figures should be clear in resolution and large size
(minimum dimensions: 100 x 100 mm). Figure legends should be listed at the end of the main document.

All acronyms and abbreviations used in the manuscript should be defined at first use, both in the abstract and in the main text The abbreviation
should be provided in parentheses following the definition.

When a drug, product, hardware, or software program is mentioned within the main text, product information, including the name of the product, the
producer of the product, and city and the country of the company (including the state if in USA), should be provided in parentheses as in the following
format: The skin prick tests were performed using a multi-prick test device (Quantitest, Panatrex Inc, Placentia, California, USA).

All references, tables, and figures should be referred in the main text, and they should be numbered consecutively in the order that they are referred in the
main text.

Limitations, drawbacks, and the shortcomings of original articles should be mentioned in the Discussion section before the conclusion paragraph.

REFERENCES

While citing publications, the preference should be given to the latest, most up-to-date publications. Authors should avoid using references that are
older than ten years. The limit for the old reference usage is up to 20% in the journal. If an ahead-of-print publication is cited, the DOl number should be
provided. Authors are responsible for the accuracy of the references. Reference numbers should be indicated at the end of the sentences in parentheses
and references should be numbered consecutively in the order that they are mentioned in the text. Journal names should be abbreviated as listed in “Index
Medicus” or in “ULAKBIM/Turkish Medical Index”. References should be typed in “NLM Format”.

If the reference is a journal;

Author(s)” surname and initial(s) of the first name of all authors, if the number of authors are 6 or less, first 6 authors if the number of authors of an article is
more than 6 followed by “et al.”. Title of the article. Title of the journal abbreviated according to Index Medicus (http://www.ncbi.nlm.nih.gov/sites/entrez/
query.fcgi?db=nimcatalog) Year of puplication; volume number (issue number): page numbers.

Example: Benson M, Reinholdt J, Cardell LO. Allergen-reactive antibodies are found in nasal fluids from patients with birch polen-induced intermittent
allergic rhinitis, but not in healthy controls. Allergy 2003;58:386-93.

If the reference is a journal supplement;

Author(s)’ surname and initial(s) of the first name. Title of the article. Title of the journal abbreviated according to Index Medicus (http://www.ncbi.nim.nih.
gov/sites/entrez/query. fcgi?db =nimcatalog) Year of puplication; volume number (Supplement number): page numbers.

Example: Queen F. Risk assessment of nickel carcinogenicity and occupational lung cancer. Envirol Health Perspect 1994;102 (Suppl. 1):5S2755-S2782.
If the reference is a book;

Author(s)’ surname and initial(s) of the first name. Title of the book. Edition number. City of publication: Publisher, Year of Publication.

Example: Ringsven MK, Bond N. Gerontology and leadership skills for nurses. 2™ ed. Albany, NY: Delmar Publishers, 1996.

If the reference is a book chapter;

Surname and initial(s) of the first name of the author(s) of the chapter. Title of the chapter. In: Surname and initial(s) of the first name(s) of the editor(s) (ed)
or (eds). Title of the book. Edition number. City of publication: Publisher, Year of publication: page numbers of the chapter.

Example: Phillips SJ, Whistant JP. Hypertension and stroke. In: Laragh JH, Brenner BM (eds). Hypertension: Pathophysiology, Diagnosis and Management.
2" ed. New York: Raven P, 1995:466-78.

If the reference is a conference paper presented in a meeting;

Author(s)” surname and initial(s) of the first name (all authors if the number of authors are 6 or less, first 6 authors if the number of authors of a conference
paper is more than 6 followed by “et al.”. Title of the conference paper, If applicable In: Surname and initial(s) of the first name(s) of the editor(s) (ed) or (eds).
Title of the abstract book. Title of the meeting; Date; City of the meeting; Country. Publisher; Year: Page numbers.

Vi
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Example: Bengtsson S, Solheim BG. Enforcement of data protection, privacy and security in medical informatics. In: Lun KC, Degoulet P, Piemme TE,
Reinhoff O (eds). MEDINFO 92. Proceedings of the 7" World Congress on Medical Informatics; 1992 Sep 6-10; Geneva, Switzerland. North-Holland;
1992: 1561-5.

If the reference is an online journal:

Author(s)’ surname and initial(s) of the first name (all authors if the number of authors are 6 or less, first 6 authors if the number of authors of an article
is more than 6 followed by “ve ark.” in Turkish references and “et al.” in international references).Title of the article, title of the manuscript abbreviated
according to Index Medicus Year; Volume number (Issue number). Available from:URL address. Accessed date:day.month.year.

Example: Arrami M, Garner H. A tale of two citations. Nature 2008;451(7177): 397-9. Available from: URL:www.nature.com/nature/journal/v451/n7177/
full/451397a.html. Accessed 20 January 2008.

If the reference is a website:

Name of the web site. Access date. Available from: address of the web site.

Example: Centers for Disease Control and Prevention (CDC). Acsess date: 12 March 2013. Available from: http://www.cdc.gov/
If the reference is a thesis:

Author’s surname and initial of the first name. Title of the thesis (thesis). City of university: Name of the university, Year.
Example: Ozdemir O. Fibrillin-1 gene polymorhism and risk of mitral valve disorders. (Thesis). Ankara: Gazi University, 2006.

REVISIONS

When submitting a revised version of a paper, the author must submit a detailed “Response to the reviewers” that states point by point how each issue
were raised by the reviewers, and where it can be found (each reviewer’s comment, followed by the author’s reply and line numbers where the changes
have been made) as well as an annotated copy of the main document. Revised manuscripts must be submitted within 30 days from the date of the
decision letter. If the revised version of the manuscript is not submitted within the allocated time, the revision option may be cancelled. If the submitting
author(s) believe that additional time is required, they should request this extension before the initial 30-day period is over.

Accepted manuscripts are copy-edited for the grammar, the punctuation, and the format. Once the publication process of a manuscript is completed, it will
be published online on the journal’s webpage as an ahead-of-print publication before being included in it's scheduled issue. A PDF proof of the accepted
manuscript will be sent to the corresponding author and their publication approval will be requested within 2 days of their receipt of the proof.

CHANGE OF AUTHORSHIP AND WITHDRAWAL REQUEST
Change of Authoship

Any request to change the author list after submission, such as a change in the order of the authors or the deletion or the addition of author names, is
subject to the Editorial Board’s approval. To obtain this approval, please find and complete the change of authorship form on the Journal’s website and
send it to the Journal’s office. This form should include the following information: The reason for the change of authorship signatures of all authors (including
the new and/or removed author)
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ABSTRACT

Objective: The objective of this study was to evaluate the clinical characteristics of patients with cystic fibrosis (CF) and to determine
whether there is a relationship between nutritional status and pulmonary functions. Additionally, the study aimed to investigate the
relationship between the CFTR genotype and the occurrence of cystic fibrosis-related diabetes (CFRD), as well as the impact of CFTR
mutations on the severity of CF pulmonary disease.

Material and Methods: The data of 300 CF patients were retrospectively analyzed. Clinical and laboratory characteristics were obtained
from unit database. The patients’ growth indices and nutritional status were assessed based on age groups.

Results: Among the 300 patients, 69.5% were diagnosed under age one year old. The earliest diagnosed patient was 2 days old, and the
latest diagnosed patient was 31 years old. The most common presenting complaints were recurrent lung infections and gastrointestinal
symptoms. Genotyping was performed in 241 patients (80.3%), and 16.6% of these were found to be homozygous for F508del. The
allelic frequency of F508del was found to be 41.4%. Eighty-three patients (29.7%) were colonized with Pseudomonas aeruginosa, and
they were found to have more severe lung disease compared to non-colonized patients (p=0.004). We observed that 30% of the patients
with CFRD and 12.7% of the non-diabetic patients had severely impaired pulmonary function (p=0.004). The patients who had F508del
mutation in at least one allel were found to have a higher risk of developing diabetes compared to those who did not have (p=0.049).

Conclusion: Pseudomonas aeruginosa colonisation and development of CFRD are associated with impairment in pulmonary functions in
CF patients.
Keywords: Cystic fibrosis, Mutation, Pulmonary function

INTRODUCTION pulmonary infections and inflammation, pancreatic exocrine

insufficiency, and male infertility (1).

Cystic fibrosis (CF) which was once considered as a childhood |y 4 recent study from our country the incidence of CF was
disease, is now recognized as a condition affecting adults  found to be 2.9 per 10000 live births in Central Anatolia (2).
as well, due to better understanding the pathophysiology of  However, since the rate of consanguineous marriage is high in

the disease, development of reliable diagnostic methods,  our country, the prevalance of the disease is estimated to be
identification of new mutations and advances in the treatment  mych higher than expected.

modalities. CF is an autosomal recessive metabolic disorder
characterized by the dysfunction of the cystic fibrosis
transmembrane conductance regulator (CFTR) protein. This
condition primarily affects the sweat glands, pancreas, and the
mucous glands of the respiratory, gastrointestinal, and genital
tracts. As a result, individuals with CF often experience chronic

In this study, we aimed to evaluate the clinical characterictics
and laboratory findings at the time of the diagnosis and at the
time of the last follow-up in patients with CF. The nutritional
classifications were compared with FEV1 and P aeruginosa
colonization across different age groups. Additionally, we
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aimed to identify relationship between CFTR genotype and
the occurrence of cystic fibrosis-related diabetes (CFRD), and
the impact of CFTR mutations on the severity of CF pulmonary
disease.

MATERIALS and METHODS

In this retrospective study, data of 300 CF patients were
analyzed between January 2011 and June 2012 at pediatric
pulmonology unit of Hacettepe University. Among 300 patients,
278 of them had clinical visit during this period because two
patients died and 20 did not apply for follow-up visits.

The patients who fulfilled the following diagnostic criteria of CF
were included in the study: (a) two sweat tests greater than 60
mmol/L chloride, and (b) one sweat test greater than 60 mmol/L
chloride and DNA analysis revealing two identified disease
causing CF mutations. If the sweat test result is less than or
equal to 60 mmol/L: (@) DNA analysis revealing two identified
disease causing CF mutations, and (b) clinical presentation
consistent with typical features of CF (3).

We evaluated clinical and laboratory findings of patients
from the unit databases including; gender, age, complaints,
symptoms, physical examination findings, height and weight
measurements, presence of pancreatic insufficiency, results of
genotyping, sweat chloride test, pulmonary function test. Also
microbiological evaluation of the respiratory cultures, findings
of the chest X-rays, abdominal ultrasonography and if available
computed tomography were recorded. Patients were evaluated
for the development of CF related complications.

Sweat chloride concentration was measured via the quantitative
pilocarpine iontophoresis test, as described by Gibson and
Cooke method (4). Genetic mutation analysis was performed
using a CF gene panel that included 36 CFTR gene mutations.
Pancreatic insufficiency was defined as having the classic
symptoms and signs including the weight loss, gas, dyspepsia,
bloating, foul-smelling oily stools and steatorrhea. Although
fecal elastase is the most used test to screen pancreatic
exocrine insufficiency, during the time of the study this test
could not be analyzed in our hospital (5). Anemia was defined
as a reduction of the hemoglobin concentration or red blood
cell volume below the range of values according to age and sex
(6). Elevation of liver transaminases was categorized depending
on age and sex (7).

The nutritional status of the patients were evaluated according
to the age groups. Weight, height measurements and body
mass index (BMI) were expressed in percentiles by using
reference values issued by Centers for Disease Control (8).
Weight-for-height (WfH) percentiles were recorded for patients
under two years of age, while BMI percentiles were noted
for those aged 2 to 18 years, and BMI measurements were
taken for patients over 18 years old. For the patients under
two years of age, WfH percentiles under 10 was defined as

Clinical and laboratory findings of cystic fibrosis 93

inadequate nutrition, percentile between 10 and 25 as nutrition
at risk, percentile between 25 and 75 as normal nutrition, and
percentile over 95 was defined as obese. For the ages between
2 and 18 years of age, BMI percentiles under 10 was defined as
inadequate nutrition, percentile between 10 and 25 as nutrition
at risk, percentile between 25 and 75 as normal nutrition, and
percentile over 95 was defined as obese. For the patients over
age 18, BMI under 19 was defined as inadequate nutrition for
boys and girls, BMI between 19 and 22 for girls and 19 and 23
for boys as nutrition at risk, BMI over 22 for girls and 23 for boys
were defined as normal nutrition.

Pulmonary function tests were conducted using spirometry
in accordance with the standard guidelines by the American
Thoracic Society (ATS) and the European Respiratory Society
(ERS). The Forced Expiratory Volume in the first second (FEV1)
was measured in liters and expressed as a percentage (%)
of the predicted value, based on reference data from healthy
individuals of the same age, sex, height, and racial/ethnic
background (9).

Chronic  colonization by Pseudomonas aeruginosa or
Staphylococcus aureus was defined as the presence of
Pseudomonas aeruginosa or Staphylococcus aureus in
respiratory cultures for at least 6 months, based on at least
three positive cultures with at least one month intervals between
them (10).

Patients were evaluated for the development of CF related
complications. Pseudo_Bartter syndrome was defined as acute
exacerbation with hyponatremia, hypochloremia, hypokalemia
and metabolic alkalosis (11). The occurence of Allergic
Bronchopulmonary Aspergillosis (ABPA) was recorded; which
is a pulmonary hypersensitivity disease mediated by an allergic
response due to Aspergillus fumigatus (12). For the diagnosis of
diabetes mellitus, patients with a fasting plasma glucose =126
mg/dl required either a confirmatory fasting plasma glucose
obtained the next day or a casual blood glucose level measured.
If the repeated fasting plasma glucose was =126 mg/dl or if the
casual glucose was =200 mg/dl, CFRD was diagnosed. To rule
out diabetes mellitus in individuals with fasting plasma glucose
<126 mg/dl and with clinical symptoms of diabetes, a standard
oral glucose tolerance test (OGTT) was performed. Impaired
glucose tolerance was defined as 2-hour glucose levels of 140
to 199 mg/dL on the OGTT (13).

Statistical analysis

Statistical analyses were performed using the SPSS Statistics
for Windows, version 15.0 (SPSS Inc., Chicago, lll., USA).
The variables were investigated using visual (histogram) and
analytical (Kolmogorov—Smirnov/ Shapiro-Wilk test) methods
to determine whether or not they are normally distributed.
Descriptive analyses were presented using medians,
interquartile range (IQR), minimum, and maximum for the
nonnormally distributed and ordinal variables, means and
standard deviations for normally distributed variables. The
categorical data were analysed as frequency and percentage.
Chi-square test was used to compare proportions in different
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groups. Mann-Whitney U and Kruskal Wallis tests were used to
compare nonnormally distributed parameters. A p value of less
than 0.050 was considered to show a statistically significant
result.

RESULTS

A total of 300 CF patients were included in the study.
Among all patients 50.3% of them were male and the rate of
consanguineous marriage was 39.7%.

Clinical characteristics and laboratory findings of the
patients at the time of the diagnosis

Among 300 patients, 69.5% of them were diagnosed under
age one year. The earliest diagnosed patient was 2 days old,
and the latest diagnosed patient was 31 years old. The median
age at the diagnosis was 5 (IQR, 3-29) months. Ninety-nine of
the patients were diagnosed in our hospital, 201 were referred
to us with the suspected diagnosis of CF. Forty-three (14.3%)
of our patients had siblings with CF.

The common presenting symptoms were recurrent lung
infection, diarrhea, vomiting and Pseudo-Bartter syndrome
(Table 1). The evaluation of the patients’ nutritional status
revealed that among those under 2 years of age, 71% had
a WfH measurement below the 10" percentile, 2.7% were
between the 10" and 24" percentiles, and 26.3% were above
the 25" percentile. In patients aged between 2 and 18 years,
45.7% were below the 10" percentile, 11.9% were between the
10t and 24™ percentiles, 40.7% were above the 25" percentile,
and 1.7% were classified as obese. Among patients over 18
years of age, 5 had a BMI lower than 19, while 2 had a normal
BMI.

Most of the patients had anemia (40.9%) and elevated liver
transaminases (40.9%). The other abnormal laboratory
findings were vitamin A,E,D deficiency, metabolic alkalosis,
hypoalbuminemia, electrolyte imbalance, elevated
immunglobulin E, elevated hemoglobin alc, hyperbilirubinemia
and hyperglycemia. Pancreatic insufficiency was diagnosed
in 94.7% of the patients. Sweat tests were performed in
287 patients. The mean sweat chloride level was 99.5+24.44
mmol/I.

Thirty-seven patients performed spirometry, the median FEV1%
was 80 (IQR, 60-88). Thirty-six percent of the patients had
normal chest radiograph. The most common pathological
findings, in decreasing order, were bilateral hyperinflation of
the lungs, infiltration, chronic changes, bronchiectasis, and
atelectasis. Within one year of the diagnosis, chest tomograpy
was performed to 19.7% of the patients and bronchiectasis
and peribronchial thickening were the most common findings.
Abdominal ultrasonography was normal in 51.5% of the
patients, while hepatomegaly was detected in 18.7%.

At the time of the diagnosis Pseudomonas aeruginosa (n=52)
and Staphylococcus aureus (n=54) were the most frequently

Turk J Pediatr Dis 2025;19 (3):92-98

Table I: The presenting symptoms and the findings of the|
patients

Symptoms Values*
Recurrent lung infection 117 (39)
Diarrhea /vomiting 95 (31.7)
Pseudo-Bartter syndrome 55 (18.3)
Failure to thrive 51 (17)
Chronic cough 44 (14.7)
Steatorrhea (11 7)
Siblings of patients with CF 1(7)
Meconium ileus (6 7)
Anemia 5(5)
Saltytaste on skin 3 (4.3)
Pretibial edema 8 (2.7)
Elevated liver transaminases 7 (2.3
Constipation 5(1.7)
Prolonged jaundice 5(1.7)
Rash 4(1.3)
Hemoptysis 3(1)
Rectal prolapse 3(1)
Atelectasis 2 (0.7)
Acute pancreatitis 1(0.3)

*n (%)

Table IlI: Allelic frequencies of the 14 most common CFTR

mutations
Mutation name

F508del

G85E

1677delTA

2789+5G-A 22

N1303K 18

2183AA-G 13

Gbh42X 11

R334W 9

W1282X 9
7
6
6
4
4

Allelic frequencies*
133 (41.4)

)

N © 20

CFTRdele2,3
3120+1G-A
3849+10kbC-T
621+1G-T

R347P
* n(%)

LSIUSIeciRe RN e e

isolated microorganisms in the respiratory cultures. No
microorganism was isolated in 59% of the patients.

Genotyping was performed in 241 (80.3%) patients. Two
mutations were identified in 171 (70.9%) patients and no
mutations could be found in 48 (19.9%) patients. The
prevalence of the patients who were F508del homozygous was
16.6% and F508del heterozygous was 22%. Among 315 allels
where a mutation was detected, the most common mutation



was F508del. The other most common mutations were G85E,
1677delTA,2789+5G-A and N1303K in decreasing frequency
(Table II).

Clinical characteristics and laboratory findings at the
time of inclusion

Among 300 patients, 278 of them had clinical visit during this
period because two patients died and 20 did not apply for
follow-up visits. The median age was 7 years and 6 months
(min 3 months of age, max 39 years). Sixty-seven percent of
the patients had normal physical examination findings, while the
most common pathological findings were crepitant rales and
rhonchi.

The evaluation of the patients’ nutritional status at the time of
inclusion revealed that among those under 2 years of age, 9.4%
were below the 10™ percentile, 9.4% were between the 10"
and 24™ percentiles, and 81.2% were above the 25" percentile.
In patients aged 2 to 18 years, 27.7% were below the 10"
percentile, 11% were between the 10" and 24" percentiles,
54.8% were above the 25" percentile, and 6.5% were classified
as obese. Among patients over 18 years of age, 19 had a BMI
lower than 19, while 24 had a normal BMI. The mean BMI for
boys and girls over 18 years was 22.2+4.59 and 21+2.82,
respectively.

At the time of inclusion 128 patients performed spirometry, the
median FEV1% was 76 (IQR, 59-90). Eight of the patients had
FEV1 below 30%. The most common pathologic findings of
chest radiograph were bronchiectasis, atelectasis and chronic
changes. Chest tomography was performed in 32 patients, the
most frequent pathologic findings were similar to those found
in chest radiograph. Abdominal ultrasonography was normal
in 43.9% of the patients, and hepatomegaly was detected in
17.7%.

Paeruginosa (n=113) and S. aureus (n=136) were the most
frequently isolated microorganisms in the respiratory cultures at
the time of the inclusion consistent with the results at the time
of diagnosis. Eighty three (29.7 %) patients were colonised with
P, aeruginosa and nine (3%) were colonised with S. aureus.

We observed that up to 35% of the patients developed
gastrointestinal and respiratory system complications. The most
common respiratory system complication was bronchiectasis,
followed by ABPA, asthma, hemoptysis, atelectasis, and
pneumothorax. The most frequent gastrointestinal system
complications were hepatomegaly, hepatosteatosis, elevated
liver transaminases, biliary disease, cirrhosis, splenomegaly and
pancreatic steatosis. Endocrin complications occured in 6.7%
of the patients. Ten patients had CFRD and 15 patients had
impaired glucose tolerance.

The relationship between nutritional status and pulmonary
function was evaluated; no statistically significant difference in
FEV1% was found based on the nutritional status of patients
under and over 18 years of age (p=0.170 and p=0.810,
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Figure 1: The relationship between the nutritional status and FEV1% of the
patients. under age 18 years old.

120+

FEV1%
§

Inadequate nutrition Nutrition at risk Normal nutrition

Figure 2: The relationship between the nutritional status and FEV1% of the
patients over age 18 years old

respectively). Figure 1 illustrates the relationship between
nutritional status and FEV1% in patients under 18 years old.
Figure 2 shows the relationship between the nutritional status
and FEV1% in patients over 18 years old.

The FEV1% of the patients were compared according to
CFTR mutations and no statistically significant difference was
found (p=0.250) (Figure 3). Twenty percent of the patients who
were F508del homozygous had severely impaired pulmonary
function. 5.9% of the patients who were F508del heterozygous
and 9.1% of patients with F508del and unknown mutation had
severely impaired pulmonary function. There was no statistically
significant relationship between having F508del mutation and
severity of impaired pulmonary function (p=0.360). Patients with
P aeruginosa colonization exhibited more severely impaired
pulmonary function (p=0.004). The median FEV1% of the P,
aeruginosa colonized patients was found to be statistically
lower than non-colonized group (p=0.001).
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Figure 3: The relationship between FEV1% and type of the CFTR mutations

The relationship between nutritional status and R aeruginosa
colonization was evaluated according to the age groups and
no statistically significant difference was found between the
colonized and non-colonized groups (p=0.670, p=0.720 and
p=0.980, respectively). There was no statistically significant
difference in Paeruginosa colonization between those with
and without F508del mutation (p=0.440). Also no statistically
significant difference was found in the severity of the lung
disease according to median FEV1% in patients with and
without MRSA in the respiratory cultures taken at the time of
the inclusion (p=0.300).

We observed that 30% of the patients with CFRD and 12.7%
of the non-diabetic patients had severely impaired pulmonary
function according to FEV1% values (p=0.004). The patients
who had F508del mutation in at least one allel were found
to have higher rate of developing diabetes compared to those
who did not have (p=0.049).

DISCUSSION

In this study clinical and laboratory findings of 300 patients were
examined in our unit which is the largest CF center in Tirkiye.
Forty-three (14.3%) of our patients had siblings with CF. Our
results were consistent with the Cystic Fibrosis Foundation
annual report of 2023 that 13.9% of their patients had a
family history of CF (14). Recently, a multicenter study from
our country which evaluated 1170 CF patients, revealed that
the median age at diagnosis was 1.7 years and 240 patients
were diagnosed through newborn screening (15). In our study
we found that most of our patients (69.5%) were diagnosed
within the first year of life and median age at diagnosis was 5
months. According to the data of Cystic Fibrosis Foundation
annual report of 2018 and European Cystic Fibrosis Society
Patient Registry (ECFSPR) annual report of 2017, median age
at the diagnosis was 3 and 4 months, respectively (16,17). Itis
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a pleasure to see that most of the patients in our country are
diagnosed at an early age.

Cystic Fibrosis Foundation reported that 54.1% of all new
diagnoses and 85.1% of diagnoses among those less than 6
months old were as detected by newborn screening in 2023
(14). Dogru et al. (15) showed that among 293 patients who
were under 3 years of age, 81.9% of them were diagnosed
via newborn screening. At the time of our study newborn
screening for CF was not implemented in our country’s national
screening programme. Thus our patients were diagnosed
upon the presentation of symptoms. We anticipate that the
implementation of newborn screening for CF in our country
will facilitate earlier diagnoses, leading to improved survival
outcomes for patients.

Malnutrition in CF patients is associated with deterioration
of pulmonary function; as a result it is essential to assess
nutritional status in all CF patients regularly (18). Cystic Fibrosis
Foundation recommends that CF patients growth percentile
should be within the 50". percentile according to their age
group. When BMI was compared with FEV1%, there was a
correlation between improved BMI percentiles and pulmonary
function in individuals aged 6 to 20 years and adults (16). Kilinc
et al. (18) grouped 143 CF patients according to nutritional
status and compared them in terms of pulmonary function test
results, lung infections, and the hospitalization rate. Patients
in the well-nourished group had significantly higher pulmonary
function test results and bacterial lung infections differed
significantly between groups.

Ashkenazi et al. (19) investigated the long-term correlations
between nutritional status at 10 years of age and pulmonary
function as well as the severity of lung disease in adulthood.
Their findings indicated that a BMI z-score of less than -0.75 at
age 10 was associated with a higher rate of lung transplantation
in adults (19). In our study we could not find any association
between the nutritional status and pulmonary function. This
may be due to factors that may affect pulmonary function tests
like age at diagnosis, type of the mutations, sociocultural level
of family, treatment compliance and P, aeruginosa colonisation.

Genotyping was performed in 80.3% of our patients and 16.6%
of them were F508del homozygous and allelic frequency
of F508del was 41.4%. Dogru et al. (15), found that in their
registry, 8.8% of the patients were F508del homozygous and
12.9% were F508del heterozygous and the allellic frequency of
this mutation was 28%. In United States and Europe most of
the patients had identified mutations, however, in our study no
CFTR mutations were detected nearly in 20% of our patients,
in consistence with the results of a recent study in our country
(15-17). This can be due to the genetic heterogenity because of
the high prevelance of consanguineous marriage in our country
and the limited number of the mutations investigated with CF
gene panel during the study period. As the CFTR modulators
have been developed for specific gene mutations, identification



of the CFTR genotypes is of crucial importance to determine
the patients eligibility for these drugs (20).

P, aeruginosa colonization has been shown to be associated
with impaired pulmonary function and a major predictor of
morbidity and mortality during both children and adults (21).
According to the national CF registry in TUrkiye, the prevalence
of P aeruginosa colonization was found to be 20.9% (15). P
aeruginosa was colonised in 29.7% of our patients and they
had more severely impaired pulmonary function than non-
colonized group. Mésingle et al. (10), found that the decline
in pulmonary function varied with P aeruginosa status. The
mean annual decrease in FEV1% was 0.38% per year before
the initial acquisition of P aeruginosa, which increased to
0.93% after its initial acquisition, and reached 1.50% per year
in patients with chronic P aeruginosa colonization (10). Since
chronic inflammation and progressive lung injury are the major
causes of morbidity and mortality in these patients, eradicating
Paeruginosa from the respiratory tract before the occurence of
irreversible lung injury is crucial.

Life expectancy increases in CF patients in the last 60 years.
However, this improvement in survival has led to patients
experiencing complications in addition to lung disease and
impaired nutrition. The most common of these is CFRD,
which affects 40-50% of CF adults. Female sex, advanced
age, reduced lung function, liver disease, steroid treatment,
a family history of type 2 diabetes, and genetic factors, such
as mutations in the CFTR gene and other modifier genes are
known risk factors for CFRD (22). Genotypes that lead to
severe CFTR dysfunction and pancreatic exocrine insufficiency
are associated with an increased risk of developing diabetes
over time. Individuals with severe CFTR mutations, such as
F508del homozygotes, have had a risk of developing diabetes
that exceeds 80% by age 50 and approaches 100% by age 60
(23). Consistent with the literature, in our study patients who
had F508del mutation in at least one allel were found to have
a higher risk of developing diabetes compared to those who
did not have (p=0.049). It is shown that in the years preceding
therapy for CFRD, reductions in pulmonary functions and BMI
are observed (24). In our study FEV1% of patients with CFRD
were compared with the patients who had no diabetes and it
was found that 30% of the patients with CFRD and 12.7% of the
non-diabetic patients had severely impaired pulmonary function
(p=0.004). According the data from the adult CF patients from
Turkiye, lower BMI and lower FEV1% were observed in CFRD
group (21). These results indicate that CFRD adds to difficulties
in maintaining nutritional status and pulmonary function in
CF patients. Therefore annual screening with an OGTT is
recommended for patients starting at age ten (25).

The major limitation of our study is its retrospective nature and
the fact that it was conducted in the single center. Although
genotyping performed in most of the patients, we were unable
to identify the CFTR mutation in approximately one-fifth of the
patients due to limited number of mutations screened during
the study period.
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In conclusion, CF is a significant disease that affects not only
children but increasingly impacts adults as well. The study
findings highlight the importance of CFRD that is associated with
decline in pulmonary functions and minimizing P. aeruginosa
colonization in CF patients.
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ABSTRACT

Objective: Central venous access catheters (CVC) are crucial for chronically ill patients, especially in pediatric cancer patients. The aim
of this study was to determine subcutaneous implanted port-catheter-related early and late complications and outcomes of catheters in
children with malignancy.

Material and Methods: This retrospective study evaluated complications related to subcutaneous implanted port catheters in children
with malignancies who were hospitalized in the Pediatric Hematology and Oncology clinics.

Results: The mean age of 69 patients (M/F,37/32) at diagnosis were 6.4+4.85 years (6 months-17 years). During the study period, 89 port
catheters were inserted and 141 complications were detected in 54 (60%) of 89 port catheters in a total of 19226 catheter days. Infectious,
thrombotic, and mechanical complications were noted in 98 (69.5%), 29 (20.5%), and 14 (10%) port catheters, respectively. Six different
complications were identified in one port catheter, while seven complications were found in three different port catheters of a patient with
acute myeloid leukemia (AML). The patients who had severe neutropenia (neutrophil count <0.5x10° on the day of insertion showed more
complications than non-neutropenic patients (63.6%, p <0.001). Fifty-seven early (40.4%) and 84 late (59.6%) complications were noted.
The most catheterized vein was the right external jugular vein (n=45), with 32 of these cases resulting in complications. The complication
rate for the catheters in right external jugular vein was significantly higher than the others (p= 0.024). Infectious complications were most
prevalent both in the early and in the late periods (p<0.001). Gram-positive bacteria, gram-negative bacteria and fungi were identified
in 61.6%, 34.9%, and 3.5% catheter cultures, respectively. An antibiotic lock therapy with systemic antibiotics was used in 20 infection
episodes; and the antibiotic lock failed only in two infection episodes.

Conclusion: Our study highlighted a high rate of complication-related port catheter removal, with skin flora infections. The choice of vein for
insertion and the positioning of the port-catheter tip are also key factors contributing to complications. Ensuring proper implantation, usage,
maintenance is essential to minimize both early and late complications.

Keywords: Children, Complication, Malignancy, Port catheter

INTRODUCTION line insertion, primarily include cardiac, vascular, pulmonary,

and catheter placement issues. Late complications are mainly
Central venous access catheters (CVCs) are essential for  associated with infections and device dysfunction (3, 4).
chronically ill patients, particularly pediatric cancer patients, as

they provide a long-term route for adrministering medications, This study aimed to determine the early and late complications

blood products, nutritional supplements, and fluids. These related to subcutaneous implanted port catheters, as well as
catheters are typically inserted into a large vessel, with the the outcomes of catheter use, in children with malignancies
tip extending to the heart or major vessels like the superior  hospitalized in pediatric hematology and oncology clinics.
vena cava (1). Implantable port catheters are often the most

suitable choice for cancer patients due to their lower risk of

infection and extravasation (2). However, both the nature of the
malignancy and the irritative effects of vesicant antineoplastic

drugs can increase the risk of catheter-related complications ~ This retrospective study evaluated complications related to
(8). Early complications, which occur within 30 days of central ~ subcutaneous implanted port catheters in 69 children with
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malignancies who were hospitalized in the Pediatric Hematology
and Oncology clinics of Ankara Children’s Health and Diseases
Hematology and Oncology Training and Research Hospital
between January 2014 and June 2015. The patient’s age,
diagnosis, port-catheter insertion date, the vein in the catheter
placed, the position of the tip of the catheter, neutrophil
count and presence of fever at the time of port insertion, port
catheter, and peripheral blood culture results and if present,
the treatment characteristics with antibiotics or antibiotic lock
therapy were recorded. Port-catheter complications of patients
who underwent hematopoietic stem cell transplantation were
not included. If a port catheter was removed and a new one was
inserted in a subsequent session, the new port was considered
a distinct catheter.

Port catheters were inserted by pediatric surgeons under general
anesthesia in the operating room of our hospital, 7-10 days
after the diagnosis of leukemia or solid tumors. Different brands
and sizes were used based on the patient’s age and weight.
The catheters were inserted into the vein deemed appropriate
by the surgeon, without the use of ultrasound guidance. After
obtaining a blood culture from the catheter, heparinized saline
(100 international units/ml, 2-3 ml) was administered, and the
catheter was used the following day. The catheter tip was
verified using chest radiographs and echocardiography for all
patients.

Port catheter complications were classified as early or late.
Early complications were defined as those occurring within the
first 30 days after catheter insertion, while late complications
were those that developed after this period. Both early and late
complications were further examined in three categories.

Mechanical complicationsincludedfractures, migration, catheter
kinking, leakage, extravasation, reservoir rotation, catheter
failure, pneumothorax, and bleeding. Thrombotic complications
were classified as partial catheter lumen occlusion (suspected
when there is an inability to aspirate blood but the ability to
infuse) or complete venous thrombus (suspected when there is
an inability to both aspirate and infuse), confirmed by Doppler
ultrasound or echocardiogram.

Infectious complications were defined as catheter-related
local infections (indicated by symptoms such as tenderness,
erythema, induration, and purulent discharge at the catheter
reservoir), microbiologically documented catheter infections
(where a bacterium was identified in the port-catheter culture
but not in peripheral blood), or catheter-related bloodstream
infections (where the same microorganism was detected
in both catheter and peripheral blood cultures in cases with
clinical signs of suspected infection). Coagulase-negative
Staphylococci (CoNS) and other skin contaminants were
considered infection-related agents if two blood cultures were
positive, or if one culture was positive along with clinical signs
of active infection.

Turk J Pediatr Dis 2025;19 (3):99-104

Statistical analysis

Statistical analysis was performed using SPSS Statistics
for Windows, version 17.0 (SPSS Inc., Chicago, lll., USA).
Descriptive  statistics were presented as numbers and
percentages for categorical variables, and as mean values with
standard deviations for numerical variables. Chi-square and
Fisher's Exact tests were employed to compare categorical
variables. A significance level of p<0.050 was considered
statistically significant.

RESULTS

In this study, 89 port catheters of 69 patients were analyzed. The
mean age of the patients were 6.4+4.85 years (6 months- 17
years) (Figure 1). Male female ratio was 37/32. Port catheters
were mostly used in patients with hematologic malignancies
(=60, 86.9%), followed by (n=9, 13.1%) patients with solid
tumors. Forty-six of these patients (66.6%) were diagnosed
with acute lymphoblastic leukemia (ALL), 14 (20.2%) had acute
myeloid leukemia (AML) and nine patients had different oncologic
malignancies (Neuroblastoma (n=4), rhabdomyosarcoma (n=2),
Wilms tumor (n=1), Ewing sarcoma (n=1), and desmoplastic
small round cell tumor (DSRCT) (n = 1).

A total of 141 complications were detected in 54 (60%) of the
89 port catheters during the study period, which included an
analysis of 19 226 catheter days. The time between port insertion
and detection of complications was 19 to 546 days. Six different
complications were detected in one port catheter, while seven
complications were detected in three different port catheters of
a patient with AML.

Infectious, thrombotic, and mechanical complications were
noted in 98 (69.5%), 29 (20.5%), and 14 (10%) port catheters,
respectively. Nine patients (5%) were febrile on the day of port-
catheter insertion and seven of them developed infectious
complications, however the complication rates weren’t different
in patients with and without fever (p=0.150). All complications
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Figure 1: Patient Ages at the Time of Complication
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Table I: Types of complications

S o per 1000
Complication n (%) days
Infection (n=98)

Microbiologically documented catheter 70 (71.4)

infection B

Catheter related blood stream infections 16 (16.4)

Local infections 12 (12.2)
Mechanical (n=14)

Leakage 4 (28.5)

Reservoir rotation 1(7.1)

Extravasation 3 (21.5) 0.8

Catheter fracture 2(14.3)

Bleeding in catheter site 1(7.1)

Catheter failure 3 (21.5)
Trombotic (n=29)

Partial catheter occlusion 25 (86.3) 1.5

Venous thrombosis 4 (13.7)

Table Il: Complications of port catheters based on the time

of occurrence
Complication

Mechanical* Infectious* Thrombotic*

Early (<30 days)

(n=57) 10(17.5) 42 (73.7) 5(8.8)

Late (>30 days)

(n=84) 4 (4.8) 56 (66.7) 24 (28.5)

Total

(n=141) 14 (10) 98 (69.5) 29 (20.5)

* (%)

Table lll: Microorganisms identified in port cathete

cultures

Microorganisms n (%)

Gram positive bacteria 68 (61.8)
Coagulase negative staphylococcus 60 (54.6)
Others 8(7.2)

Gram negative bacteria 36 (32.7)
Klebsiella 17 (15.4)
E. coli 5(4.5)
Pseudomonas 4 (3.6)
Enterobacter 4 (3.6)
Others 6 (5.5)

Candida 6 (5.5)

were more frequently observed in the patient group that was
neutropenic at the time of port insertion (63.6%, p <0.001),
while a platelet count below 50 000/mms did not influence the
frequency of complications (%53.4 vs 46.6%, p=0.880).

Total complications were noted at 7.3 per 1000 catheter days.
Infectious, thrombotic, and mechanic complications were noted
at 5, 1.5, and 0.8 per 1000 catheter days, respectively. Fifty-
seven early (40.4%) and 84 late (59.6%) complications were
noted. Complication types and periods were shown in Table
| and Table Il. Infectious complications were most prevalent
in both the early and the late periods (p<0.001). Although
early mechanical and late infectious complications were more
common, no statistically significant difference was detected

Port catheter complications in children with malignancy 101

Table IV: Port catheters after complications and outcome

Continuation* Revision* Removal*

Mechanical (n=14) 8 (57) 4 (28.5) 2 (4.5)
Infectious (N=98) 77 (78.5) 0 21 (21.5)
Thrombotic (h=29) 25 (86) 3 (10.5) 1(3.5)

*n(%)

between the type of complications (p=0.090). Most thrombotic
complications occurred in the late period (p<0.001).

The vein used for port insertion and the types of complications
were evaluated. The most used veins were the right external
jugular vein (n=45; 32 of them complicated) and the left external
jugular vein (n=25; 12 of them complicated). The complication
rates of the external jugular vein and internal jugular vein were
similar, however, the complication rate in the right external
jugular vein was significantly higher compared to the left external
jugular vein (60.6% vs 49.4%, p=0.010). All port-catheter tips
were evaluated using echocardiography, and the frequency of
complications was significantly higher in patients with catheter
tips located in the right atrium (RA) (44.9%, p=0.011).

Infectious complications accounted for 98 (69.5%) of the 141
total complications. Among these, local infections were noted
in 12 cases (12.2%). Microbiologically documented catheter
infections and catheter-related bloodstream infections were
detected in 70 (71.4%) and 16 (16.4%), respectively. Gram-
positive bacteria, gram-negative bacteria and fungi were
identified in 61.8%, 32.7%, and 5.5% catheter cultures,
respectively. The most identified microorganisms were
coagulase-negative Staphylococci (CoNS) and Klebsiella
species (Table lll). Port catheters were removed in 21 infection
episodes due to infectious complications. Antibiotic lock
therapy, in conjunction with systemic antibiotics, was used in
20 episodes of infection. Vancomycin was administered in 17
episodes for CoNS and Enterococci, while ciprofloxacin was
used in two episodes for E. coli and one episode for K. kingae.
Antibiotic lock therapy was ineffective in only two episodes.

Twenty-five (86.3%) of the thrombotic complications were
classified as partial catheter occlusions. In cases of catheter
occlusion, a heparin lock was attempted first; if recanalization
was not achieved, a tissue plasminogen activator (tPA) was
administered into the catheter lumen. Venous thrombosis was
detected with doppler USG in four of 29 (13.7%) thrombotic
complications. The locations of thrombosis were the right
external jugular vein (n=2), superior vena cava (n=1), and left
external jugular vein (n=1). Two of the four thromboses were
acute, and these ports continued to be used with low molecule
weight heparin therapy. Port catheters that were not recanalized
with either heparin or tPA were revised or removed, respectively.

Mechanical complications were 10% (n=14) of all complications.
These were leakage (n=4), reservoir rotation (n=1), extravasation
(n=8), catheter fracture (n=2), bleeding in the catheter site
(n=1), and catheter failure (n=3). Pneumothorax, arterial injury,
air embolism, and arrhythmia did not occur in any patient.
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In all complications, 78% of the port catheters continued to be
used, 5% were revised, and 17% were removed. The outcome
of catheters are shown on Table IV. The most common cause
of catheter removal was an infection. Coagulase-negative
Staphylococci, which is the main element of skin flora, are the
most common infectious agent.

DISCUSSION

The use of port catheters provides significant convenience
for both patients receiving chemotherapy and healthcare
workers (5-7). Reported incidence rates of catheter-related
complications in children with malignancies range from 6% to
41% (8-10). During our study period, the incidence of port-
catheter-related complications was higher, with complications
detected in 75% of port catheters, and early complications
accounting for 40.4% of these. Although our study found a
higher rate of port catheter-related complications compared
to the literature, most of the affected ports remained usable,
as most complications were microbiologically documented
catheter infections with CoNS. The infection-related catheter
removal rate has been reported as 9.3% to 26.8% (11).

The overall complication rate was found to be 7.3 per 1.000
catheter days. In a study including all types of central venous
catheters, infection, thrombosis, and mechanical complications
were reported at rates of 3.7, 0.2, and 0.4 per 1.000 catheter
days, respectively, in patients with hematologic diseases (12).
Port catheter-related infection rates were reported as 2.5 and
7.4 per 1.000 catheter days in two different studies from our
country, which are consistent with our findings (13,14). In
another study, port catheter-associated venous thrombosis,
and infections were noted at 0.67 events and 0.84 events per
1000 catheter days, respectively (15). The higher incidence of
complications in our study compared to the literature may be
attributed to factors such as the variety of underlying diseases
and treatments, differing criteria for classifying complications,
variations in catheter care protocols, the type of vein used for
catheter insertion, and the experience of both the insertion and
management teams. Infectious complications were the most
prevalent in both the early and late periods, while mechanical
complications were more common in the early period. The early
period is representative of the induction phases of leukemia
treatment in which the patients are not in remission, have
neutropenia or thrombocytopenia, and are most susceptible to
infection. A high rate of mechanical complications might have
been caused due to not using USG or fluoroscopic guidance at
the time of catheter insertion.

In our study, thrombotic complications were common in the
late period. Catheters are artificial surfaces and lack vascular
endothelial function such as inhibition of platelet adhesion or
inflammatory response. Thrombotic complications in the late
period can be clarified by the duration of use is extended, the risk
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of both fibrin sheath formation and thrombosis increases due
to the precipitation of the medical drugs, blood components,
and handling errors (2,16). Neutropenia is another risk factor for
leading port catheters to infectious complications (17). In the
mechanical, infectious and thrombotic complication groups,
early complications were seen statistically significantly in cases
with neutrophil count <1500/mm? at the time of port insertion.

Efforts are ongoing to identify effective flushing and locking
solutions to prevent both infectious and mechanical
complications associated with port catheter devices (18).
The use of antibiotic prophylaxis before placement is also
controversial (19,20). A single dose of antibiotics targeted
to skin flora is still given to immunocompromised patients
before the insertion of CVC in some centers. Disinfection of
the hub, needleless connector, or injection port with alcohol
or chlorhexidine is also recommended (21). Consistent with
the literature, we did not use routine antibiotic prophylaxis in
pediatric cancer patients with port catheters during the study
period. Studies have shown that implementing a catheter care
bundle can prolong catheter life and reduce treatment costs by
decreasing the frequency of infections. The key components of
the catheter care bundle identified in these studies include skin
cleansing with chlorhexidine, ensuring sterility during catheter
insertion, selecting non-femoral veins for insertion, and adhering
to strict sterility protocols in daily care (22). Devrim et al. (23)
inserted split-septum catheters and utilized pre-filled syringes
as part of their catheter care bundle. They demonstrated that
the use of central line bundles not only decreased the risk
of catheter-related infections but also prolonged the time to
develop infections, resulting in cost-effectiveness (24).

In conclusion, port catheter complications remain a significant
concern for children with cancer, presenting challenges despite
the availability of standardized practice guidelines. Our study
highlighted a high rate of complication-related port catheter
removal, with infections—especially those caused by CoNS, a
common element of skin flora—being the leading cause. The
choice of vein forinsertion and the positioning of the port-catheter
tip are also key factors contributing to complications. Ensuring
proper implantation, usage, and maintenance is essential
to minimize both early and late complications. Furthermore,
comprehensive training for clinicians, patients, and caregivers,
including simulations, hand hygiene education, and the use of
ultrasound guidance during catheter placement, is essential for
improving outcomes and preventing complications.
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ABSTRACT

Objective: The objective of this study was to evaluate the occurence of neurological complications and long-term neurological sequelae
in children with acute lymphoblastic leukemia (ALL). These complications were examined in relation to demographic characteristics,
leukemia risk groups, and chemotherapy type.

Material and Methods: A total of 165 patients aged between 1 and 18 years of age who underwent ALL IC-BFM 2009 chemotherapy
at the Pediatric Hematology Unit of Ankara Pediatric Hematology and Oncology Research and Training Hospital between June 2013 and
December 2018 were retrospectively evaluated.

Results: Forty-two neurological complication episodes (1 to 3 per patient) were observed in 37 (22.4%) patients during chemotherapy. No
significant differences between groups with or without neurological complications were detected in terms of age, gender, type of leukemia,
risk group assignment, and relapse status (p=0.150, p= 0.170, p= 0.810, p= 0.370, and p=0.340, respectively). Complications were more
likely to occur in preB-ALL patients with intermediate to high-risk status, and approximately half of the complications were identified during
the early phases of treatment, i.e., induction and early consolidation; also, vincristine, methotrexate, and corticosteroids were more likely
to lead to neurotoxicity. The two most common complications included polyneuropathy in 47.6% of the patients and posterior reversible
encephalopathy syndrome in 16.7%. Other complications included cranial neuropathy, secondary intracranial hypertension, cortical
atrophy, epilepsy, encephalopathy, myopathy, cranial thrombosis, psychotic disorder, and cerebral edema. While none of the neurological
complications were associated with mortality, 21.4% of the patients had varying types of sequela, the most common being epilepsy.

Conclusion: Despite increased success rates with intense therapeutic approaches in pediatric ALL patients, 22.4% of this population
experienced neurological complications. Long-term follow-up is warranted to evaluate the adverse effects and sequelae of chemotherapy
more definitely.

Keywords: Acute lymphoblastic leukemia, Neurologic complications, Polyneuropathy, Posterior reversible encephalopathy syndrome

INTRODUCTION

Acute lymphoblastic leukemia (ALL) comprises one-third of all

induction, consolidation for residual leukemia, central nervous
system (CNS) eradication, and maintenance. The objectives of
the treatment include achievement of remission, prevention of

cancers of childhood and 75% to 80% of all acute leukemias.
It occurs more commonly in males, Caucasians, and pediatric
patients between 2 and 5 years of age (1). The reported
incidence in our country is estimated to be 1.4/100000 (2).
Significant variations may exist between ALL patients in terms
of clinical and laboratory characteristics, treatment, follow-up,
and many disease subtypes have been described. Treatment
strategies include different chemotherapy regimens and are
based on four basic therapy steps constructed on risk groups
and prognostic factors. These treatment steps include remission

relapses, and eradication of minimal residual disease (MRD).
Recently introduced treatments not only have been able to
reduce the risk of relapse but also achieved event-free survival
rates of up to 85% to 90% (3,4). However, this also led to an
increased occurrence of complications caused by early and/
or late side effects of such treatments. Early recognition and
treatment of these complications are of utmost importance
due to associated high morbidity and mortality (5,6). The
dosage, route, length of administration, and concomitant
use of chemotherapeutic agents are among the important
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determinants of the risk of complications (7,8). While CNS
and peripheral nervous system involvement is rare at the time
of diagnosis, complications involving both of these nervous
systems may occur during ALL treatment. Involvement of the
peripheral nervous system is defined as the involvement of any
part of the nervous system, including motor neurons, sensory
ganglia, nerve roots, plexuses, cranial and peripheral nerves,
and neuromuscular connections.

Chemotherapy may cause both peripheral neurotoxicity,
consisting mainly of a peripheral neuropathy, and central
neurotoxicity, ranging from minor cognitive deficits to
encephalopathy. Peripheral neuropathy may be the dose-
limiting toxicity, therefore the assessment of peripheral
neuropathy and its impact on quality of life should be evaluated
during therapy. CNS toxicities such as seizures, drowsiness,
cognitive deficits or even coma are observed less frequently.
However, these adverse effects should always be taken into
account when starting clinical chemotherapeutic trials.

In this study, we aimed to evaluate neurological complications
and long-term neurological sequela in a group of pediatric ALL
patients receiving ALL IC-BFM 2009.

MATERIALS and METHODS

Atotal of 165 ALL patients aged between one and 18 years and
receiving ALL IC-BFM 2009 protocol at Pediatric Hematology
Unit, Ankara Pediatric Hematology and Oncology Research
and Training Hospital between June 2013 and December 2018
were retrospectively examined for neurological complications
9).

Risk groups were defined based on BFM ALL IC 2009 protocoal;
standard risk group (SRG):<1x 10° /L blasts on peripheral blood
smear on day eight, age between one and six years, initial
leukocyte count <20x10%L, MRD on day 15<0.1%, and <5%
blasts on bone marrow aspirate on day 33; high-risk group
(HRG): hypodiploidy or t(9;22) or t(4;11) or more than 1x10%/L
blasts on peripheral blood smear on day 8 or MRD on day
15>10% or more than 5% blasts on bone marrow aspirate on
day 33; intermediate-risk group (IRG): patients not stratified as
SRG or HRG.

CNS status was defined as CNS-1 (no detectable blast cells in a
sample of cerebrospinal fluid), CNS-2 (<5 leukocytes per cubic
millimeter with blast cells in a sample with <10 erythrocytes per
cubic millimeter), CNS-3 (=5 leukocytes per cubic millimeter
with blast cells in a sample with <10 erythrocytes per cubic
millimeter), or traumatic lumbar puncture with blast cells (=10
erythrocytes per cubic millimeter with blast cells).

Demographic data such as age, gender, age at diagnosis,
age at onset of symptoms as well as the type of leukemia, risk
group, presence of CNS involvement, relapse/remission status,
neurological complications before treatment, concomitant
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symptoms and signs, phase of chemotherapy at the time of
complications, relationship to drugs, comorbid conditions,
laboratory results, computed tomography (CT) and magnetic
resonance imaging (MRI) findings, and electroencephalography
(EEG) and electromyography (EMG) results were retrieved from
the electronic database. Exclusion criteria included the presence
of leukemias other than acute lymphoblastic leukemia, infant
leukemia, follow-up treatments in another center, and bone
marrow transplantation.

Statistical analysis

The Statistical Package for the Social Sciences (SPSS) version
22.0 (IBM Corp., Armonk, New York, USA) was used to analyze
the data. Descriptive statistics were presented as frequency,
percentage, mean, and standard deviation. The normal
distribution of the data was tested with Shapiro-Wilk’s test.
The difference in age and age at onset of symptoms between
patients with or without neurological complications was
examined using the Mann-Whitney test, while percentages of
demographic characteristics were analyzed with the chi-square
test. p value <0.050 was considered statistically significant.

RESULTS

Of the 165 ALL patients included, 97 (58.8%) were male and
68 (41.2%) were female. The medan age at diagnosis was 7.5+
4.5 years (min-max, 1.6-17.7 years). Pre B ALL and T-cell ALL
were diagnosed in 144 (87.3%) and 21 (12.7%) of the patients,
respectively. There were 13 patients (7.9%) in the standard
risk group, 83 patients (50.3%) in the intermediate-risk group;
and 69 patients (41.8%) in the high-risk group. One-hundred
and forty-eight patients (89.7%) were in remission, while
31 (18.8%) had a relapse during follow-up. Central nervous
system involvement (CNS-3) was present in 5/165 patients
(8%) at the time of diagnosis. During the study, 42 neurological
complications were detected in 37 patients (22.4%) on average
at the 7" months of the treatment (min-max, 1-26 months). The
mean age of these patients was 8.4+4.7 years and 23 (62.2%)
were male.

Of the 37 patients, 31 (83.8%) had a diagnosis of pre B-ALL
(21.5% of all pre B-ALL patients), and 35 neurological episodes
were identified in these cases. On the other hand, six (16.2%)
had a diagnosis of T-ALL (28.5% of all T-ALL patients), and
neurologic episodes were detected of them. Both IR and HR
patients had 20 episodes each (47.6%), while two complications
(4.8%) emerged in SRG patients.

Nine of the patients (24.3%) who developed neurological
complications were relapsed ALL. In these patients,
neurological complications occurred during relapse treatment
in seven (77.8%) and maintenance treatment in two. Two of the
patients with neurological complications (5.4%) had leukemic
involvement of the CNS at the time of diagnosis. Patients with
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Table I: Characteristics of patients

Neurological Complications

pceees All patients (n=165) Yes (n=37) No (n=128) p
Age *(year) 7.5+4.5 8.4+4.7 7.044.5 0.150
Gendert

Male 97 (58. 23 (62.2) 4(57.8) 0.1705
Female 68 (41.2 14 (37.8) 54 (42.2)
Type of leukemia®
Pre B-ALL 144 (87.3) 31 (83.8) 113 (88.3) 0.8108
T-ALL 21 (12.7) 6 (16.2) 15(11.7)
Risk'
SRG 13(7.9) 2 (5.4) 11 (8.6)
IRG 83 (50.3) 18 (48.6) 65 (50.8) 0.370°
HRG 69 (41.8) 7 (45.9) 52 (40.6)
Relapse! 31(18.8) 9 (24.3) 22 (17.2) 0.340°
CNS involvementt
Yes 5(3) 2 (5.4) 3(2.3)
No 160 (97) 35 (94.6) 125 (97.7)

*» mean+SD, 1: n(%),#: Mann-Whitney test, $: Chi-square test, ALL: acute lymphoblastic leukemia, SRG: standard risk group, IRG: intermediate

risk group, HRG: high-risk group, CNS: central nervous system

Table Il: Neurological complications
Complication-

All ALL patients’

PIEEIEES detected* (n=42) (n=165)
Polyneuropathy 18 (42.8) 10.9
PRES 7 (16.7) 4.2
Cranial neuropathy 3(7.1) 1.8
Myopathy 3(7.1) 1.8
ﬁsggg::golstraoramal 3(7.1) 18
Cortical atrophy 2 (4.8) 1.2
Epilepsy 2(4.8) 1.2
Encephalopathy 1(2.4) 0.6
Cranial thrombosis 1(2.4) 0.6
Psychotic disorder 1(2.4) 0.6
Cerebral edema 1(2.4) 0.6

*n(%),1: %, PRES: posterior reversible encephalopathy syndrome

or without neurological complications were not significantly
different in terms of age, gender, leukemia type, risk groups,
and relapse status (p=0.150, p= 0.170, p= 0.810, p= 0.370,
and p=0.340, respectively) (Table I).

There was a total of 22 patients (13.3%) who had muscle
weakness, gait impairment, leg pain, and loss of deep tendon
reflexes. Motor and/or sensory axonal polyneuropathy (PNP)
was diagnosed in 14 patients based on EMG assessment,
and in 4 patients based on clinical findings (n=18; 10.9%); in
all of these cases, the event was considered associated with
vincristine (VCR) treatment. Three patients have one or more
of neuropathic symptoms and signs, three patients were
diagnosed steroid-related myopathy and one patient was
diagnosed intrathecal MTX-related cytotoxic cerebral edema.

Of the patients with polyneuropathy, 83.3% had pre B-ALL with
50% diagnosed in induction, 16.7% in reinduction, and 5.5% in

HR consolidation. All of these protocol phases included use of
Vincristine and Prednisone/dexamethasone.

Following the emergence of the complications, treatment
consisting of B-vitamin complex and gabapentin was given.
Three patients (1.8%) developed neuropathic pain and one
(0.6%) had dropped leg as a sequela. In three patients (1.8%)
cranial neuropathy was present. Autonomic neuropathy
symptoms such as constipation could not be retrieved from
patients’ records due to missing data. There were 11 patients
(6.7%) who had convulsions, in association with headache,
visual and speech impairment, altered consciousness, and loss
of muscle strength. In seven patients (4.2%), a cranial MRI was
performed, and posterior reversible encephalopathy syndrome
(PRES) was diagnosed. In four other patients with convulsions,
sinus venous thrombosis, encephalopathy, and epileptic activity
were detected. Six (85.7%) of the patients with PRES had pre
B-ALL, and five (71.4%) had HR status and received induction,
reinduction, HR block, and relapse treatments. Six (85.7%) had
hypertension, and two (28.6%) had hyponatremia at the time
of the episode. Following the occurrence of the complications,
appropriate antiepileptics, antihypertensives, and sodium
replacement were given to symptoms and comorbidities. Of the
patients with PRES, three (42.8%) had epileptic sequela. Table
Il shows all neurological complications.

In a patient (0.6%) in the IR group aged 16.6 years and
diagnosed with pre B-ALL, a cranial MRI was performed due
to headache, convulsion, and loss of motor strength during
induction treatment revealed hemorrhage; also, venography
showed sinus venous thrombosis which was thought to be
associated with steroids and L-asparaginase given during
induction. Low molecular weight heparin at a dose of 100 U/
kg BID was administered for one month, followed by once-
daily administration for six months. Thrombosis was completely

Turk J Pediatr Dis 2025:19 (3):105-112



108 Ozcan AS et al.

dNd yibualis jo Aeoros]y .
upusdedes + xo[duiod JA-g dNd JBUOXE JOI0} 807 -550| 11 Buiep -ured Vid 996+ DdH
Bo| -sseuseap
uoisnyip Elbedway yinow
Ayredounau [eluesn N uoyo_bmo.m -sisAresed oup 10 Buidooiq osdepyd  B'Gl 8l
eNJIBU [BlUBID
uoisuapedAy ainssaid .
apIWe|0ze1eoy [elUBIOBIU| 480 N N BUON BUIIWIOA -8yoepesH oesdepd 0L /I X
Alepuodeg pasealou| Q
Bwsaps . &
ewsaps [eiqaie) N S—— N yibuals Jo ssoT SSBUMEAAN 2zeklld €11 9l
upuededes + xa|dwod A-g dNd o nmw__\n,__ S50/ 10 g .www_ﬂwmm\_,ﬂ 1Zed 6y Sk
ured ybuains Jo
I - dNd o o .
opedoineN unuadeqgen + xe|dwoo IA-g dNd N e 8507 -850 41 (] ured Be| -sseudeap 1Zel-Ild - 291 ¥L o4l
SISOl
unuadeges)  Ayyedounau [elues) N o SISOAN SISOld sdejey 6'9
xe|dwoo y-g edoAN BUON soEag .mw_mwmww\_,m ad  6¢ el
x8|dwoo yr-g edoAi auoN BUON  Japiosip BuIseAn dd 8¢ 2L
} Aydose dNd JopIOSIp .
unusdedes + xo|duwiod JA-g dNd [BoL0N [BLOXE 1010 $801 H1d s < ) dd 99 [aE
uoisuspadAy ainsseud
9pIWe|0Zeedy [eluB.IO Ul 4S0 N 8UON 8yoepesH did ccth ok
AIepuooss paseaiou|
dNd Joplosip .
unuadeqes) + xa|dwoo IA-g dNd N ST Yibuals Jo sso T Nd €€ 6
=
onoyoAsdnuy  Jeplosip O110YoASH N N BUON uoisseubby Lzes-|ld Al N_
SISOQUUOJU} B
abeyliowsy . I
HAAT + ondajidenuy  SISOQUIOIU} [EIUBID snuis leanpang N Nuibueis Jo S0 8yoepesH -aInzieg vid 99t 8
[exifes
~ dNd Jopiosip .
unuadeges) + xo|dwod JA-g dNd [BUOXE JOIOP $SO| H1d BUBIEA -SSBUSBAA Vid Sttt /
unuadeqes + xe|dwoo yA-g dNd [eUOXE _om_w_m 8§80l 41d SSBUMEBO/\ vid 2% 9
Asdeyid3 ondsjidenuy + enisuspedAuynuy S3dd S3dd co__MMmm_m uoIsnjuoy ainzies vid St ]
Asde|id3 ondsjidepuy + enisuspedAynuy S3Hd S3dd _\M%M%om Ayyedojeydeous uoisnjuo) ainzieg Vvid 20t 14
X8|dwoo IA-g dNd SUON Ubuess JO sSOT  IepIosIp Buiep vid L'e € Dl
Xo|dwoo IA-g redoAN N SUON wwo._c.pwwnm_w HM Jopiosip Buisiean dd 9¢ @
X8|dwoo IA-g dNd SUON SSO|{1Q  Jepiosip Budep vid St |94S
S
> 2
= () .m. @ = m m..
) S D g o m ) £ w ® s T
[] o (= = (=] - ©
g £ g g = E 5 g e & g g g |2 & &
8 g g g L . o @ E 4 e % £
(2} = a 2 fim) AW. o < a W
s 2 4
o

sBuipuyy jeaibojoisAydonosje pue osiydesBboiped ‘jeaiuld jo Arewwns :jj| 9|qeL

Turk J Pediatr Dis 2025:19 (3):105-112



Neurologic toxicity in acute lymphoblastic leukemia 109

[BULIOU N “UIWIBYA-G :HA-g
‘piny (euIdsoIqessd 48D ‘ewoipuAs Ayredoreydadus jqisienal Joueisod :8§3Hd “Ayredoinaukiod :dNd Xayes uopus) deep:yLd ‘v [000304d :yid ‘dnoib xsu ybiy mDHH ‘dnob xsu eieipawusiul XY ‘BlLsxNa| O)Se|qoyduwiA]
1N0B 180 | I TIV-L ‘Blwexna] d1sejqoydwiAl 1nde jed g 10sinoa.d my-gadd ‘einiound tequin| :d ‘buibew; eoueuose. oaubew jHN Aydeibowo) peindwod 19 AydeiboAwonospe W Aydeiboreydsousciosie :533

uoisuspadAy ainssaid
ewsaps
SpIWE|0Ze190Y [elue.oeu| 480 N N e BUON SSOT UOISIA asdejy 14 9
Arepuooes pasealou| oed
) dNd JopIosip ey .
unuadegen + xe|dwoo IA-g dNd e e uBis s,SleMoL) B T — LZel-lld - 97l S
onde|idenuy + eAisusuadAynuy S34d S34d N N uolsnyuoD ainzies esdepy  |'GL
dNd SSeUqUINN Joplosip
unusdeges) + xo|dwod HA-g dNd JOJOWLIOSUSS -yibuss Jo Buep -ured LZef-lld eVl 4 M
[esorelg $S07 -SS0| Y1Q Bo| -sseuseap i
Aynnoe wejqoud
onde|idenuy + eAisuepedAynuy Ayredoreydeoug N puno.Bxoeq uoIsnjuoD 19 vid 86 €9O4H
UOISIA — 8InZIeS
[ewouqy
Jeplosip ssciEE .
Asde|id3 opdejdenuy Asda|d3 N Auanoe onde)id3 SUON Loeeds -SUOBPESH °d 29l ¢
unusdegen) + xa|dwood HA- auo SSO| +op.0SIp '
il qen | n-g dNd N | 41d BUB{EA ~SSBUSEM vid <¢€ 19dl
ured unuadeqgen + xe|dwoo IA-g dNd QUON BUON Ured Ba| -ssauseap) @oUBUBIUIBIN  €'G | e
olyredoinaN
Aydou Aydoue uojsnjuo: 2INz|eS oUBUSIUIE| :
ydoay N N [BOILI0D) N ISNjUCo 183 BN L9 oe
ondajidenuy + snsuepedAUIUY S3d S3ud uosnuog  MZOS DUBWOA  oeqpiey g 62
’ -ayoepesH N
Aydoure N_
Asdeyidg ondejidenuy Asdeyid3 Jefjegeieo N Ayaoe ondejidy N SUON ainzieg eUHC TLL o)
-[elgele) %
Chz unuadeqges) + xo|dwood JA- B Jo! oE:oM”/_onw_ tiswisip JOW| -SSauxes, : :
aipedoinep M qesn | In-g dNd Jejjegaled Joul -s50| 110 1L MESMN c¢dHe  L'LL
-[eJgeseD [elorelg
Aydose Ajnnoe ondeyid3
ondejidenuy Aydony Jejlegaled -uopounysip N uoISNUOY BLYUESAQ -8INZIeg gdH'C  L'LL 8294H
-[eJgeIe) [elge1e0
ondajidenuy + ensuspiedAuynuy S3dd S3dd N uoisnjuo) 8inzieg ldHe 69 /e
ondsjidenuy + ensuspiedAuynuy S3dd S3dd N N uoISNUOY BYoePESH -8INZI9S IdH L L'GL 92
Asdeyid3 ondajidenuy S34d N S3d N uoisnjuoo ainzieg gZekld 92l o1
dNd Japlosip .
unusdegen + xo|dwod HA- !
il qeo | n-g dNd N [BUOXE IOION yibuais Jo sso BUBIEA ~SSOUNEOA did 8'9 ve M
dNd .
- E : m
unuadeges) + xo|dwod IA-g dNd N EwEE SSO| {1 ured Bo| -ssauseap) Vid 99 [ord 3
Ayredoinau [eluel ol SR e SISO ' .
Un [eies N ofe e  enU iR 1S01d vid [ cc
dNd
unusdeqes + xa|dwod yA-g dNd [BUOXE 010} SUON  JopiosIp Buiiepn vid 4 %4
dNd ubuass jo JapIosIp .
ooy} dou unuadegen + xo|dwoo HA- !
oo} doig n qen | n-g dNd [eUOXE JOIO $507] -5S0| 10 BB -SSBLYEOM Vid 6 (04
© ..m 2] kVn. m m ° = Am. - ]
0 s .8
] £ S g = (] ] 2 2 S 8 ¢ B2 Eg
S £ c £5 o o = s = ] & 2 <] 2 f8 ge
3 8 £ N i TR £ E s 383°
= (=] W 1) QVw. ] < m -l

Turk J Pediatr Dis 2025:19 (3):105-112



110 Ozcan AS et al.

resolved with no sequela. The same patient exhibited
aggressive behavior during reinduction treatment, although
his cranial imaging studies were unremarkable. In consultation
with pediatric psychiatry, a diagnosis of steroid-associated
psychotic disorder was made. Anti-psychotic treatment was
given and the patient recovered without sequela.

Sudden visual loss was seen in three patients (1.8%) (2 of
them were pre B-ALL in the IR group and the other patient
was T-ALL in the HR group). These patients’ cranial imaging
showed normal findings, although a lumber puncture indicated
increased cerebrospinal fluid pressure. Thus, these patients
were diagnosed with secondary intracranial hypertension.
These patients recovered fully with acetazolamide treatment.
Chemotherapy protocol was modified in seven patients after
neurological complications. In three patients (one patient
with sinus venous thrombosis, and the other two with
PNP), chemotherapy was suspended for one week; in two
patients, (one with convulsions and PRES, another with PNP)
chemotherapy was maintained with dose reduction; in two
patients diagnosed with PNP, vincristine dose was skipped
until the next chemotherapy course. Clinical, radiographic and
electrophysiological findings of patients are summarized in
Table lll.

DISCUSSION

Neurological side effects in pediatric ALL patients were
detected as 22.4%. Of these, 11.5% and 10.9% affected the
CNS and peripheral nervous system, respectively. In several
previous studies, the respective figures range between six to
11% and 18 to 50% (10,11). Ethnicity, genetic factors, age,
gender, and obesity may account for some of these differences
in the reported rates of incidence (16).

In the current study, most of the patients with neurological
complications had HR or IR status, and side effects mostly
occurred during induction and early consolidation. Baytan et al.
(10), administering a very similar chemotherapy protocol to ours
(i.e. ALL-BFM 2000), observed neurological complications in
65.2% of the patients in the IR group, and 56.5% of the patients
receiving induction treatmet. On the other hand, Aytac et al. (13)
found a neurological complication rate of 60% in HR patients
receiving St. Jude’s total XI and Xl protocol. In our study, 18
patients (10.9%) were diagnosed with motor and/or sensory
axonal polyneuropathy. Of the cases with polyneuropathy,
66.7% were associated with VCR used in induction and early
consolidation phases. It appears that incidence may vary
according to age, gender, ethnicity, obesity, malnutrition, and
genetic polymorphism. The TT (rs924607) genotype of CEP72,
a gene involved in microtubule formation; C > T (rs3784867)
variation of ABCC1 gene; ABCC2 GG (rs3740066) and GG
(rs12826) genotypes; and all homozygous mutant alleles of
SLC5A7 gene are associated with reduced CYP3A4 and
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CYP3A5 enzyme functions, with a consequent increase in the
risk of vincristine related neuropathy (14,15). We did not examine
any of our patients’ polymorphisms associated with VCR
neuropathy. The mean age of patients with polyneuropathy was
comparable with the overall group of patients with neurological
complications, and there were no significant gender differences
(55% male). Three patients (1.8%) had cranial neuropathy.
No information could be collected from patient files in terms
of the development of autonomic neuropathy. As opposed to
peripheral or cranial neuropathy, the common occurrence of
more general symptoms such as constipation and abdominal
pain in patients with autonomic neuropathy may lead to the
underdiagnosis of this condition. Clinicians should have a higher
index of suspicion for autonomic symptoms when assessing
patients with possible neuropathy.

Peripheral neuropathy may be confused with pathological signs
of myopathy. Muscle weakness and/or gait disorder could not
be related to vincristine use in three of our patients (1.8%), and
a diagnosis of myopathy associated with steroid use was made.
A routine physical exercise program may have a protective role
against the future development of muscular atrophy or joint
problems (16).

Seven patients (4.2%) with seizures were diagnosed with
PRES, and 5 of these (71.4%) had a high-risk status. Patients
were receiving induction, consolidation, re-induction, and
relapse treatments, and seizures were probably related to
intrathecal MTX or corticosteroids. Six patients (85.7%) had
hypertension, and two (28.6) had hyponatremia at the time of
the seizure. In the Baytan study, the incidence of PRES was
4.8%, with a higher frequency in HR patients (17). In a multi-
center study by Bilir et al. (18), 84.4% of the 58 patients with
PRES also had concomitant hypertension. In studies by Tang
et al. (19) hypertension was reported to occur in 36.4% of the
patients, respectively. Furthermore, it has also been proposed
that intravascular hypotonicity due to hyponatremia may lead
to extravasation, which then may enter astrocytes through
water channels such as aquaporin-4 and may result in cranial
edema, as a part of the pathogenesis of PRES (20). In our
study, epilepsy as a sequela of PRES was observed in three of
the patients (42.4%) diagnosed with PRES. This is consistent
with previous reports suggesting that PRES developing during
leukemia treatment may be irreversible or may result in epileptic
sequela (19).

One of our patients (0.6%) had bleeding and sinus venous
thrombosis. The reported incidence of thrombosis developing
during treatment of pediatric ALL varies between 1% and
37%, depending on the populations and therapeutic regimens
examined. Sinus venous thrombosis represents one of the
highest-risk areas of involvement, as it is associated with long
term neurologic effects and a high mortality rate of 8% to 13%
(21). Risk factors for thrombosis included T cell phenotype,
older age, and high-risk status. In other studies, intensive
chemotherapy regimens involving long-term exposure to



L-asparaginase and steroids appeared to be associated with
the highest risk of thrombosis (22). In our patient, thrombosis
was observed during induction treatment and was thought to
be associated with L-asparaginase administered during that
treatment. L-asparaginase increases the risk of thrombosis
and bleeding via decreased hepatic synthesis of fibrinogen and
anti-thrombin. Particular attention to L-asparaginase treatment
and thrombosis should be paid in pediatric patients since these
are directly linked with the course of leukemia and survival (23).
Our patient who had a thrombotic event developed the steroid-
associated psychotic disorder in the subsequent course of
chemotherapy. Treatment with an anti-psychotic agent resulted
in full recovery.

Three patients (1.8%) in our study were diagnosed with
secondary intracranial hypertension, which is a rare condition
in the general pediatric population, with a reported incidence of
0.32/100.000 in the US (24). Several studies involving patients
with hematological malignancies have found that certain
medications including methotrexate, cytarabine, and all trans-
retinoic acid may be associated with symptoms of increased
intracranial pressure (25). Similarly, in our patients, increased
intracranial pressure developed during early consolidation and
relapse treatments, which included methotrexate, and cytosine-
arabinoside. In Garcia et al. (26) study comparing increased
intracranial pressure syndromes among pediatric leukemia
patients, headache and papilledema were present in 90%
and 25% of the patients at the time of diagnosis, respectively.
Similarly, two of our patients had a headache, and one had a
sudden loss of vision. Treatment with acetazolamide resulted in
full recovery in all cases.

In conclusion, during the treatment of ALL, a total of 22.4%
of neurological complications were detected, of which 11.5%
were CNS and the most common was PNP. In 21.4% of
these cases, long-term sequela such as epilepsy, neuropathic
pain, and foot drop was observed. Potential limitations of our
study include its retrospective nature, missing data in patient
files, absence of accurate data on the relationship between
complications and chemotherapy agents, and lack of routine
use of EMG in all patients. Larger and prospective studies
may allow better identification of side effects of a wide range
of chemotherapeutic agents, in addition to providing further
insights into pathophysiologic mechanisms and/or genetic
factors for such effects. This may allow the prevention of
complications with the use of non-invasive tests or relevant
genetic techniques; also, appropriate management strategies
against such complications may be developed to achieve
sequela-free survival.

Ethics committee approval
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Environmental tobacco exposure linked to lower oxygen saturation in
infants with community-acquired lower respiratory tract infections
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ABSTRACT

Objective: Tobacco smoke is a pervasive environmental hazard, particularly detrimental to the developing respiratory systems of infants.
Exposure to environmental tobacco smoke (ETS) has been consistently implicated in the etiology of a spectrum of lower respiratory
tract infections (LRTIs), which are a leading cause of morbidity in children under two years of age. The pathophysiological impact of ETS
extends beyond exposure; it actively exacerbates the severity of respiratory conditions, often resulting in increased hospital admissions
and prolonged medical care for the youngest and most vulnerable.

This study aimed to explore the relationship between exposure to ETS and the severity of clinical manifestations, laboratory findings, and
hospitalization duration in infants with community-acquired LRTIs.

Material and Methods: A cohort of 115 infants aged 1-24 months, hospitalized due to community-acquired LRTIs and without
prematurity or chronic diseases, was evaluated. Data on household tobacco use were collected, and infant cotinine levels were measured
to assess the impact of ETS on the severity of LRTIs.

Results: Findings revealed that the frequency of urinary cotinine positivity is significantly higher in infants from households with smokers
(p=0.001). Among patients with household smoking, the proximity of tobacco consumption to the child did not affect the frequency of
cotinine positivity (p=0.501). Notably, the cotinine-positive group had significantly lower oxygen saturation at admission (p=0.038). In the
RSV-positive subgroup, this association remained significant (p=0.015), providing stronger evidence that ETS independently exacerbates
respiratory distress.

Conclusion: This study demonstrated that tobacco exposure is associated with increased respiratory distress in infants with lower respiratory
tract infections. Emphasizing the importance of smoke-free environments during infancy, it also proved the negative effects of not only
secondhand smoke but also thirdhand “surface” smoke exposure on infants’ respiratory health.

Keywords: Environmental tobacco smoke pollution, Infant health, Oxygen saturation, Respiratory tract infections, Secondhand smoke

and significantly affected by these airborne pollutants. In
contrast, THS represents residual pollutants left on surfaces
and fabrics, such as clothing, furniture, and toys, after
tobacco consumption. Children are particularly vulnerable to

INTRODUCTION

Childhood pneumonia remains a critical public health issue,
particularly in developing nations, where it accounts for 14% of

deaths among children under five years of age (1). Exposure to
environmental tobacco smoke (ETS) is a recognized risk factor
exacerbating respiratory conditions, particularly in infants under
two years (2, 3).

ETS comprises two key components: secondhand smoke
(SHS) and thirdhand smoke (THS). SHS refers to the inhalation
of airborne tobacco pollutants. Due to their smaller lung
capacity and higher respiratory rates, children are more rapidly

THS because of behaviors like playing on surfaces, touching
objects, and exploring their environment by putting their hands
and objects into their mouths (4, 5).

ETS exposure, encompassing both SHS and THS, has been
associated with increased hospitalizations for respiratory
illnesses, recurrent wheezing, and chronic cough (6-8). The
global burden of SHS remains significant, with nearly one-
third of the world’s population exposed and approximately
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600.000 premature deaths annually attributable to SHS (3,
9). The inclusion of THS in the concept of ETS underscores
the pervasive nature of exposure, revealing that the risk
extends far beyond direct inhalation and includes contact with
contaminated environments (10, 11).

The mechanisms underlying these adverse effects involve
complex interactions. SHS exposure in children has been
linked to oxidative stress, increased airway inflammation, and
disruption of pulmonary defense mechanisms, compounding
their susceptibility to respiratory infections (12). Cotinine, a stable
nicotine metabolite, serves as a reliable biomarker to quantify
ETS exposure. Elevated cotinine levels correlate strongly with
respiratory morbidities, including reduced oxygen saturation,
heightened airway reactivity, and increased susceptibility to
infections (13).

While numerous studies have examined the relationship
between ETS exposure and the incidence of acute lower
respiratory tract infections (LRTIs), there is a notable gap in
understanding how such exposure influences disease severity.
This study aimed to address this gap by investigating the
impact of ETS exposure on clinical outcomes, including oxygen
saturation, hospitalization duration, and laboratory findings, in
infants with community-acquired LRTIs.

MATERIALS and METHODS

Study population and design

This prospective observational study included patients aged
1-24 months admitted with community-acquired lower
respiratory tract infections to Dr. Sami Ulus Pediatric Training
and Research Hospital between December 2012 and February
2013. Exclusion criteria comprised a history of prematurity and
chronic diseases such as congenital heart disease, chronic
renal or pulmonary conditions, neurologic developmental delay,
significant malnutrition, obesity, or immunodeficiency.

Data collection

Informed consent was obtained from the caregivers upon
admission, followed by a structured interview using a
standardized questionnaire. This questionnaire captured
demographic data (age, gender), environmental factors
(smoking exposure within the home, relationship of the smoker
to the patient, and the number of cigarettes smoked daily in the
home), and clinical parameters. A urine specimen was collected
on admission day for cotinine analysis, which were stored at
-20°C until analysis.

Laboratory analysis

Thawed urine samples were centrifuged at 3000 rpm for 5
minutes. Cotinine levels were quantitatively measured using
the solid-phase competitive chemiluminescence immunoassay
on an Immulite 2000 Analyzer Nicotine Metabolite device by
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Siemens, USA, as detailed by Florescu et al. (4). The cotinine
threshold to differentiate between exposure and non-exposure
was set at =10 ng/ml, based on manufacturer recommendations
and corroborated by previous literature (5).

Statistical analysis

Statistical procedures were conducted using IBM SPSS
Statistics for Windows, version 22 (IBM Corp., Armonk,
N.Y., USA). Shapiro-Wilk test assessed the normality of data
distribution. The Mann-Whitney U test analyzed non-normally
distributed variables, and Pearson’s chi-square test assessed
categorical variables. Descriptive statistics are presented
as mean, standard deviation, minimum and maximum for
continuous variables and as frequencies and percentages for
categorical variables. A p-value < 0.050 denoted statistical
significance.

RESULTS

Among the initial 141 cases, 115 completed the questionnaire
and provided urine samples. The average age of the 115
patients participating in the study was 6.13+5.75 months (1-23
months). Of these, 80 were male (69.6%). The questionnaire
responses identified 86 patients (74.8%) as having exposure to
environmental tobacco.

Urinary cotinine was positive in 40% of cases (n=46), and
undetectable in 60% (n=69). When considering the daily number
of cigarettes to which subjects were exposed, the frequency
of urinary cotinine positivity increased with the number of
cigarettes smoked daily. In particular, 53.4% of infants from
households that smoked more than 20 cigarettes a day had
positive cotinine levels. On the other hand, 33.3% of infants in
households with 1-10 smokers per day and 10.3% of infants

Table I: The relationship between presence of continine|

in urine and the number of cigarettes consumed around
infants

Cigarette consumption per Cotinine* Cotinine* M
day () (+) P
Total 69 (60) 46 (40)

No consumption 26 (89.7) 3(10.3)

1-10 6 (66.7) 3(33.3) 0.001

11-20 10 (62.6) 9 (47.4)

>20 27 (46.6) 31 (53.4)

*1n(%), T: Pearson Chi-Square test

Table II: The relationship between smoking area and

the presence of cotinine in urine in cases with cigarette
exposure in the study questionnaire
Cotinine* Cotinine*

Consumption area U

) (+)

Total 43 (50) 43 (50)
Next to 4 (40) 6 (60) 0.501
Other room / Balcony / Outside 39 (51.3) 37 (48.7)

*:n(%), T: Pearson Chi-Square test



Table llI: The relationship between clinical parameters and

presence of continine in urine

Cotinine* (-) Cotinine* (+) p'
Oxygen saturation (809—)?00) (6?5?98) 0.038
Respiratory rate (2(?—080) ( 4(?—08 2) 0.719
CRP (mg/L) 1 _91'14) (11_‘:)72) 0.214
Leucocyte count/mm?3 (423(')2_12%200) R 002)%%-32((3)800) 0.219
Hospitalization, days (3?1 2) ( f 1) 0.819

*

'+ median (min-max), T Mann-Whitney U test
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Oxygen saturation
g
o
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Cotinine status

Figure 1: Relationship between oxygen saturation (%) and urinary cotinine
in infants hospitalized due to community acquired lower respiratory tract
infection (n = 115, p = 0.038, “°” signs for outliers, “*” signs for extreme

values)
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80 o
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Figure 2: Relationship between oxygen saturation (%) and urinary cotinine
in infants hospitalized due to RSV positive community acquired lower
respiratory tract infection (n = 24, p = 0.015, “°” signs for an outlier)

in non-smoking households were positive for cotinine in urine
(=115, p=0.001; Table ).

Smoking sites were reported as follows: 11.6% (n=10) in the
same room as the baby, 60.4% (n=52) on the balcony, or
outside, and 28% (n=24) in another room. The frequency of
cotinine positivity did not vary significantly based on the site
of cigarette consumption. For example, 60% of infants from
households where smoking occurred in the same room tested
positive for cotinine, compared to 48.7% in households where
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smoking occurred outside, on the balcony or in another room
(n=86, p=0.501; Table II).

Among all participants, infants with positive urinary cotinine
levels had a lower oxygen saturation at admission (p=0.038;
Table lll, Figure 1). In contrast, no significant differences were
found in respiratory rate (p=0.719), C-reactive protein (CRP)
level (p=0.214), leukocyte count (p=0.219), or length of hospital
stay (p=0.819) between cotinine-positive and cotinine-negative
groups (Table llI).

Forty-seven participants underwent viral PCR analysis of nasal
swab samples, with 24 testing positive for Respiratory Syncytial
Virus (RSV). In this RSV-positive subgroup, oxygen saturation
levels at admission were significantly lower in the cotinine-
positive group compared to the cotinine-negative group
(p=0.015; Figure 2). No significant differences were observed
in respiratory rate, CRP level, leukocyte count, or length of
hospital stay between these groups.

DISCUSSION

Our findings reveal ETS exposure is associated with higher
frequency of urinary cotinine positivity. Infants with positive
cotinine levels had significantly lower oxygen saturation upon
admission for community-acquired LRTIs. This association
persisted even in the RSV-positive subgroup, where cotinine-
positive group again exhibited lower oxygen saturation at
admission. The confirmation of this result in the RSV-positive
subgroup underscores the impact of tobacco smoke exposure
on respiratory outcomes, independent of the infecting agent.
These findings further strengthen the evidence that ETS
exposure exacerbates respiratory distress in  vulnerable
populations.

The high prevalence of ETS exposure (74.8%) in our cohort
mirrors findings from other studies in Turkey, highlighting a
cultural pattern of tobacco use that significantly exceeds
reported exposure rates in Europe and North America (9, 14).
Such widespread exposure underscores the urgent need for
tailored public health interventions to reduce tobacco use
and mitigate its impacts on children. Moreover, the observed
relationship between household tobacco consumption and
positive cotinine levels reinforces the utility of cotinine as a
biomarker for ETS exposure and its role in assessing associated
health risks (13, 15). The discrepancy between self-reported
exposure rates and cotinine levels may be explained by the
interval of hospitalization during which the subjects spent time
in a relatively smoke-free environment.

SHS exposure has been consistently associated with respiratory
morbidities, including increased emergency department visits,
recurrent wheezing, and chronic cough in children (7, 16). In our
study, the frequency of cotinine positivity did not significantly
differ based on the proximity of smoking to the child, indicating
that even indirect exposure can lead to measurable biological
effects. This finding highlights the role of a relatively new
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concept, ‘thirdhand smoke exposure,” which refers to the
persistence of tobacco smoke residues on surfaces and
fabrics. Children’s natural behaviors, such as frequent hand-to-
mouth activities and close contact with contaminated surfaces,
make them particularly vulnerable to THS (4, 5). These findings
align with emerging evidence that residual tobacco pollutants
pose a significant risk not only through inhalation but also
through contact with contaminated surfaces, even when
smoking occurs away from children (4, 17). Additionally, non-
airborne pollutants can persist long after active smoking has
ceased, making it nearly impossible to avoid exposure even
with ventilation or air conditioning (10). Public health campaigns
should expand their focus to include education about THS and
advocate for stricter smoke-free policies to protect children
from both SHS and THS.

The finding that the cotinine-positive group had lower oxygen
saturation at hospital admission suggests that ETS exposure
exacerbates respiratory dysfunction in infants. Components
of tobacco smoke are known to impair mucociliary clearance,
increase oxidative stress, and trigger inflammatory responses in
the respiratory tract, all of which can compound the severity of
infections like RSV (12, 18, 19).

Our study contributes to the growing body of evidence linking
ETS exposure to worsened clinical outcomes in infants with
LRTIs. By utilizing cotinine as a biomarker, we were able
to objectively measure ETS exposure, reducing reliance on
potentially biased self-reported data. However, the discrepancy
between self-reported exposure rates and cotinine levels
highlights challenges in accurately quantifying ETS. Future
research should adopt standardized questionnaires and explore
additional environmental and genetic factors that may mediate
the impact of ETS (20).

CONCLUSION

This study highlights the profound impact of ETS exposure
on infant respiratory health, emphasizing the critical need for
smoke-free environments. The link between positive cotinine
levels and reduced oxygen saturation highlights the need for
public health efforts to prevent tobacco exposure, especially in
homes with infants. By addressing the risks of both SHS and
THS, comprehensive strategies can help safeguard children
from the short- and long-term health consequences of tobacco
smoke exposure.
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ABSTRACT

Objective: The aim of this study was to assess knowledge and attitude towards epilepsy surgery among pediatricians and identify the
barriers to referral for epilepsy surgery in TUrkiye.

Material and Methods: There were 21 statements which included the following: (A) knowledge (B) attitude and (C) barriers towards
epilepsy surgery. The survey was mailed to 368 pediatricians.

Results: Among responders (n=240); 56.6% (n=136) were pediatricians and 44.4% (n=104) were pediatric residents. Three quarters
(76 %) of them had experiences in neurology department and 60.1 % of them encountered =30 epilepsy patients per month. Most of
participants who had no idea whether epilepsy surgery is one of the treatment options were residents (p=0.046). Almost all responders
(97.5%) agreed to consult a DRE (Drug Resistant Epilepsy) patient to a pediatric neurologist for medical options. Nearly half of them
(43.2%) had no idea about long-term positive cognitive effects. Whereas one-third of participants stated that it is not a safe process; more
than half (57%) reported not knowing where and when to refer these patients.

Conclusion: An important finding was the apparent lack of inadequate knowledge of long-term benefits and the specificity of epilepsy
surgery although most of them had previous experience in neurology department. Besides the lack of epilepsy surgery centers, lack of
communication is also a problem in planning the referral of patients.

Keywords: Drug Resistant Epilepsy, Pediatrics, Survey

outpatient clinics and emergency departments due to seizures in
daily practice, pediatricians should be aware of alternative non-drug
approaches in epilepsy. As far as we know, few published papers
have examined these issues among neurologists or primary care
doctors in the literature, and to our current knowledge there is no
study from Turkiye. The aim of this study was to collect information
about the domains of attitude and barriers of Turkish pediatricians
and pediatric residents regarding epilepsy surgery.

MATERIALS and METHODS

The survey was prepared through the questions/statements used

INTRODUCTION

Epilepsy is one of the most common chronic neurological diseases
worldwide and approximately one-third of these patients have
seizures that do not respond to antiseizure medication therapy
(1). Neurobiological aspects of epilepsy are unique to children
and therefore epilepsy surgery is also an alternative safe and
effective treatment option in children (2,3). Timely intervention can
reduce seizures and epileptiform discharges allowing reduction
in antiseizure medication (4). Additionally, successful surgical
interventions have shown significant improvements in cognitive
development, behavior, and overall quality of life for affected

children (5).

In our country, pediatric neurologists are primarily responsible
for epilepsy patients, but pediatricians encounter with epilepsy
patients more frequently due to vaccination and other health issues.
In addition, since epileptic patients frequently present to pediatric

in previously published similar studies (6,7). A final modification
was done incorporating suggestions of the experts in this field.
The statements were designed by the authors considering the
expected level of knowledge required for pediatricians for timely
treatment and referral of epilepsy patients. After arriving on
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consensus, relevance of the statements was judged independently
by 3 experts (pediatric neurologists). The distribution of statements
are as follows: four of them about demographic variables, nine of
them (Statement 5,6,7,8,9,10,18,19,20) were about knowledge,
seven of them (Statement 11,12,13,14,15,16,17) were about
attitudes and the last question was about barriers towards epilepsy
surgery. Out of the 21 statements, 5 to 20 were codified as agree,
disagree or no opinion. and the last statement regarding barriers
in practice was open ended. To ensure that all statements were
answered, the participants were not allowed to move to the next
one before answering the current one.

The study was a cross-sectional, descriptive, questionnaire- based
study which was conducted among pediatricians and pediatric
residents from TUrkiye between October 2, 2022, and November
2, 2022, with the approval of the Institutional Ethics Committee
from the Turkish Ministry of Health, Ankara Bilkent City Hospital
Ethics Committee-2 (E2-22-1221/02.02.2022). A total of 368
pediatricians were requested to participate in the study by sending
questionnaires through e-mails and 240 responded (response
rate 65%). Informed consent was obtained online by adding the
informed consent form to the survey prepared via Google forms in
accordance with the Helsinki guidelines.

Statistical analysis:

All data were tabulated in Microsoft Excel® format and analyzed
through the statistical software IBM SPSS Statistics for Windows,
version 25 (BM Corp., Armonk, N.Y., USA). Frequency and
percentage were utilized as descriptive statistics. In addition,
Chi square tests were done to assess whether demographics
(specialty, years in practice, number of patients with epilepsy
encountered per month) influenced responders’ knowledge and
attitude towards epilepsy surgery. p value <0.050 was accepted
as significant.

RESULTS

In total, 240 of 306 pediatricians returned the questionnaire
(response rate 78%). Of the participants 56.6% (n=136) were
pediatricians and 44.4% (n=104) were pediatric residents. Half of
the responders (49.2%) had experience of more than five years
with pediatric patients. Three quarters (76%) of them had previous
experience in neurology department during pediatric residency and
60.1% of them encountered more than 30 epilepsy patients on
average per month. The results are summarized in Table I.

Most of participants (59.4%) who had no idea whether epilepsy
surgery is one of the treatment options were residents (p=0.046).
Almost 90% of responders agreed with the definition of drug
resistant epilepsy (DRE) whereas the majority of them thought
that only a few DRE patients can be treated with epilepsy surgery.
Moreover, when we evaluated the statement about long-term
outcomes, almost half of them had no idea about the positive
effects of epilepsy surgery on cognitive status. This result was
similar between groups and was not associated with the duration
of pediatric practice (p=0.716). Approximately 92% of pediatricians
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Table I: Demographic characteristics of responders

Characteristics Values*
Total 240
Pediatricians 136 (56.6)
Pediatric residents 104 (@A
Years in pediatric practice
<2 year 45 (18.8)
2-5 year 77 (32)
>5 year 118 (49.2)
Number of children with epilepsy attended
per month
<10 36 (15)
10-30 59 (24.9)
>30 145 (60.1)
Previous experience in neurology
department
Yes 183 (76)
No 57 (24)
"t n(%)

stated that DRE patients could remain seizure-free after epilepsy
surgery, while this rate was 61.5% among pediatric residents
(p=0.022). The participants with pediatric neurology experience
(82%) were more likely to agree with this statement (p=0.005). One
third of the participants (32.9%) had no idea about how to manage
antiseizure medication after epilepsy surgery. Table Il lists the
statements and responses related to knowledge about epilepsy
and epilepsy surgery.

Almost all (97.5%) responders recommended that DRE patients
should be consulted to a pediatric neurologist for medical options.
In response to the statement regarding the use of medications
before referral for epilepsy surgery, 42% of the participants agreed
to trying more than two antiseizure medications before referral
for surgery. Interestingly, most of participants stated that only a
few DRE patients can be treated with epilepsy surgery. There
was no significant difference between pediatricians and pediatric
residents in their response to this statement (p=0.058). Those
with experience in pediatric neurology department agreed with
the statement that DRE patients could remain seizure free after
epilepsy surgery. Most pediatricians (92 %) considered that DRE
patients could remain seizure free after epilepsy surgery. Pediatric
residents had less information about this subject (p=0.022). Another
notable finding was that half of our participants considered it was
a long-lasting procedure and one-third stated that it was not a safe
treatment option and there was no significant difference between
pediatricians according to duration in pediatric practice. Figure 1
shows the responses related to attitude towards epilepsy surgery.

More than half of the participants (57%) had no idea where and
when to refer patients with DRE. Aimost 29% of the participants
stated that there is no epilepsy surgery center to refer these
patients, however just two percent of responders thought it was
not cost-effective. There was no difference between the two groups
in regards of this question (p=0.165). Statements concerning the
barriers towards epilepsy surgery are summarized in Figure 2.
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Table Il: Statements and responses related to knowledge

about epilepsy and epilepsy surgery

Statement

Pediatricians”

Pediatric +
residents’

5. Epilepsy and seizure are
Synonymous

Agree

Disagree

No opinion
6. Epilepsy surgery is one
of the treatment options for
epilepsy patients

Agree

Disagree

No opinion

7. Failure of adequate trials
of two appropriately chosen
antiseizure drugs can be
considered as DRE.

Agree

Disagree

No opinion
8. A child with epilepsy can
die during a seizure.

Agree

Disagree

No opinion
9. Epilepsy surgery is not
indicated in all children with
DRE.

Agree

Disagree

No opinion
10. Only few DRE patients
can be treated with epilepsy
surgery

Agree

Disagree

No opinion
18. After epilepsy surgery,
anti-seizure medication may
be discontinued in patients.

Agree

Disagree

No opinion
19. Epilepsy surgery is
associated with improvement
in long-term cognitive
outcomes

Agree

Disagree

No opinion
20. DRE patients could
remain seizure free after
epilepsy surgery

Agree

Disagree

No opinion

122 (90.2)
10 (6.8)
4(3)

131 (96.3)
5 (3.6)

81 (59.5)
18 (13.3)
37 (27.2)

75 (55)
10 (7.5)
51 (37.5)

125 (92)
5 (3.6)
6 (4.4)

9(8.7)
95 (91.3) 0:939

97 (94.2)
1(0.01)
6 (5.9)

0.951

55 (52)
76.7) 0.107
42 (40.3)

64 (61.5)
13 (12.5) 0-022
27 (26)

2 n(%), T: Pearson Chi-square test, DRE: Drug resistant epilepsy
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Epilepsy patients suitable for
surgery should undergo
presurgical evaluation as

soon as possible

More than two antiepileptics
should be tried in DRE
before referral for epilepsy
surgery

Epilepsy surgery is the last
option for children with DRE

Epilepsy surgery is a safe
process

Epilepsy surgery is a long-
lasting procedure
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Figure 1: Responses related to attitudes towards epilepsy surgery.
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Figure 2: Statements concerning the barriers towards epilepsy

surgery.




DISCUSSION

Epilepsy surgery remains one of the least preferred evidence-based
treatments, despite evidence supporting better cognitive outcomes
and higher cost-effectiveness compared to medical treatment of
epilepsy (8,9). Referral for epilepsy surgery was demonstrated
more likely to occur through familiarity with epilepsy surgery during
training or clinical practice rather than number of years in clinical
practice. Additionally, uncertainties about definition of DRE, poor
communication and loss of follow up after surgery, expensive
preoperative examinations contributed to underutilization of
epilepsy surgery in developing countries (10). While analyzing the
statements, we noticed that the level of knowledge of pediatricians
about epilepsy surgery was inadequate, despite the fact that most
of the participants practiced in the pediatric neurology department.
Pediatric residents also had insufficient information about the
statement of epilepsy surgery is one of the treatment options for
epilepsy patients. The majority of participants correctly identified
DRE, however more than half of them stated that epilepsy surgery
was the last treatment option for DRE. There was also no significant
association with the duration in pediatric practice in terms of the
remaining seizure-free after epilepsy surgery.

Previous epilepsy treatment studies have shown that there is a need
to evaluate surgical options for ongoing dysfunctional activity in
drug resistant epilepsy (11-13). Researchers have also concluded
that the lack of knowledge about surgical risks and benefits may be
a significant barrier towards epilepsy surgery (14). According to an
international survey of epilepsy surgery centers, it was stated that
one third of children were operated on within two years of epilepsy
onset, despite the fact that the epilepsy surgery process started
in 0% of patients as young as two years of age (15). Besides
advances in structural and functional neuroimaging, neurosurgery
has significantly improved surgical outcomes in children in recent
years. Furthermore, it was discussed that it causes fear of surgery
among pediatricians due to intraoperative complications with high
mortality (16). Disagreement with the idea of the safety of procedure
in one thirds of participants may be a result of these approaches
in our survey. Another notable finding was that pediatric residents
were less aware of whether DRE patients could remain seizure-
free after epilepsy surgery. This may be due to pediatricians not
following up on antiseizure medication in epilepsy patients and not
have sufficient knowledge about the side effects.

Healthcare providers identify inadequate healthcare access (e.g.
long waiting times, limited resources, referral delays, distance)
as the biggest barrier to epilepsy surgery (17,18). Also, in a
recent review, barriers including lack of clinical expertise and
communication are reported (19,20). There are many pediatric
neurology centers in Turkiye however there are just four (two in
Ankara and two in Istanbul) epilepsy surgery centers. In addition,
not all neurodiagnostic methods commonly used in adult
general hospitals are available in some pediatric hospitals in our
country, and therefore children are referred to adult hospitals
for specialized examinations such as functional MRI, positron
emission tomography, magnetoencephalography, etc. Epilepsy
surgery conferences to discuss the treatment options could
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increase communication between specialists and pediatricians and
thus increase the number of patients referred for consideration of
epilepsy surgery.

There are some limitations of the current study. Firstly, the
generalizability of these results to other countries is limited as we
reported on Turkish pediatricians and pediatric residents. Hence,
the knowledge, attitude and practice of the pediatricians cannot
be fully determined. Secondly, approximately half of participants
had <5 years of experience in pediatric practice which may have
influenced the level of knowledge about treatment options of
epilepsy patients.

CONCLUSION

This is the first study based on the perspectives and decision-
making processes of Turkish pediatricians regarding epilepsy
surgery. Barriers towards epilepsy surgery can be explained by
many factors, particularly knowledge gaps. Referral criterias
should be established in collaboration of pediatric neurologists
and epileptologists. Pediatricians need to periodically update
their knowledge and strategies for timely identification for surgical
evaluation.
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ABSTRACT

Objective: Becker Muscular Dystrophy (BMD) is a rare and progressive muscle disease characterized by mutations in the dystrophin
gene. Although similar to Duchenne Muscular Dystrophy (DMD), BMD usually has a milder course. The aim of this study was to analyze
the clinical and genetic profiles of BMD.

Material and Methods: Evaluations were made of 67 patients diagnosed with BMD between 2006 and 2024. Clinical findings, laboratory
tests, and genetic analysis of the patients were retrospectively analyzed.

Results: The study group consisted of 67 patients with a mean age of 11.6+4.1 years and age at diagnosis of 4.6+3.3 years. A total
of 7.5% of the patients had a history of consanguineous marriage, and 35.8% had a family history of BMD. The most common clinical
symptoms were exercise intolerance (44.8%), fatigue (19.4%), and exercise-related pain (14.9%). Cardiac involvement was detected
in 11.9% of the patients, and mutations between exons 45-55 were most frequently detected in these patients. Psychiatric problems
were detected in 22.4% of patients, and 66.7% of these patients had mutations involving the exon 45 region. There was no significant
difference in the clinical and laboratory findings of patients with reading frame mutations.

Conclusion: Although patients with BMD usually have milder clinical features, it was observed that cardiac and psychiatric involvement in
particular may be associated with certain genetic mutations. Genetic analysis is considered to be an important tool in the diagnosis and

prognosis of BMD, which may reduce the need for muscle biopsy.

Keywords: Becker muscular dystrophy, Clinical characteristics, Genetic mutations, Reading frame mutations

INTRODUCTION

Becker muscular dystrophy (BMD) is an inherited and
progressive muscle disease characterized by muscle fibre
degeneration and proximal muscle weakness due to a mutation
in the dystrophin gene (1). The disease is clinically similar to
Duchenne muscular dystrophy (DMD), but it is less common,
clinical findings appear later, and the course is milder (2). BMD
is caused by mutations in dystrophin protein. In the diagnosis,
the evaluation of creatine kinase (CK) levels accompanied by
physical examination findings compatible with clinical findings
shows high sensitivity (3). Dystrophin has a recessive inheritance
pattern linked to the X chromosome, although approximately
30% of cases are due to sporadic new mutations (4,5).

Studies in Europe and North America have shown that the
prevalence of Duchenne muscular dystrophy ranges from one

in 3500 to one in 5050 live male births, while Becker muscular
dystrophy is about one-third of this prevalence (6,7).

Compared with DMD, the age of onset of symptoms in
individuals with BMD is generally later, with a wide range
from 5 to 60 years of age. Furthermore, the degree of clinical
involvement is usually milder (8). Approximately 85% of patients
with BMD have dystrophin of abnormal molecular weight, with
smaller dystrophin in 80% of cases with deletions and larger
dystrophin in 5% of cases with duplications. In these individuals,
the amount of dystrophin is usually reduced. The remaining
15% have dystrophin of normal size but reduced quantity (9).
Serum CK concentrations in patients with BMD typically rise to
>5-fold the upper limit of normal (10).

Preserved muscle strength allows clinical distinctions to be
made between BMD and DMD. People with BMD are usually
able to stand until at least 16 years of age and often well into
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adulthood, with some retaining the ability to walk into old
age. Furthermore, cognitive impairment, intellectual disability,
behavioral disorders and contractures are less common or less
severe in BMD compared to DMD (11). Cardiac involvement is
often a prominent feature of the clinical picture in BMD, although
muscle involvement is less severe than in DMD (12).

There is no complete cure for BMD, so treatment is based on
supportive care and rehabilitation. Many clinical trials of gene
therapy are still ongoing (9). BMD is a rare neuromuscular
disorder and studies systematically addressing the clinical
and laboratory findings of individuals with this disease are very
limited in the literature. The main aim of this study was to provide
new and in-depth information for a better understanding of
the disease by detailing the clinical, demographic and genetic
characteristics of patients diagnosed with BMD.

MATERIALS and METHODS

The study retrospectively included 67 patients with BMD who
were followed up at Tepecik Training and Research Hospital
Muscle Center between 2006 and 2024. Ethical approval was
granted by the Tepecik Training and Research Hospital Non-
Interventional Ethics Committee (Decision No: 2024/08-05,
Date: 02.09.2024). BMD was diagnosed based on clinical and
genetic findings. Patients with Gowers sign and Functional
Ambulation Scale score of <5 were evaluated as DMD and
were excluded from the study. Muscle biopsy was performed
in only one patient and the biopsy revealed findings consistent
with BMD, which were confirmed by genetic testing. The
genetic analysis was performed using the multiplex ligation-
dependent probe amplification (MLPA) method for the DMD
gene. This method was utilized to investigate large deletions
and duplications. Additionally, Sanger sequencing was
conducted to identify the presence of nonsense mutations.
These analyses confirmed the patient's genetic diagnosis
and revealed findings consistent with BMD. The patients were
divided into two groups: In-Frame Deletion (-) and In-Frame
Deletion (+). Demographic data, clinical symptoms, physical
examination findings, laboratory tests and 6-minute walk test
results were analyzed.

Muscle strength assessment of the patients was performed
using the Medical Research Council (MRC) manual muscle
strength scale, which grades muscle strength on a scale from O
to 5 (18). Psychiatric comorbidities such as learning disabilities,
speech delay and/or speech disorders, attention deficit
hyperactivity disorder (ADHD) and autism spectrum disorder
(ASD) were evaluated and questioned.

The patients were divided into two groups according to the
genetic mutations of with and without in-frame mutations.
The clinical and laboratory characteristics of patients with and
without in-frame mutations were compared.
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Statistical analysis

Statistical analysis was performed using IBM SPSS Statistics
for Windows, version 25 (IBM Corp., Armonk, N.Y., USA).
Descriptive statistics were calculated for demographic, clinical,
and laboratory data, including means, standard deviations,
medians and interquartile ranges (IQR) for continuous variables,
and frequencies and percentages for categorical variables. The
comparison of continuous variables between two independent
groups was conducted using the independent t-test or Mann-
Whitney U test, depending on the distribution of data. The chi-
square test or Fisher’s exact test was used for the comparison
of categorical variables. A p-value of <0.050 was considered
statistically significant.

RESULTS

Evaluation was made of 67 patients with BMD, all of whom
were male (100%). The mean age of the patients was 11.6+4.1
years (median 12, IQR 9-15 years). The mean age at diagnosis
was 4.6+3.3 years (median 4, IQR 2-6 years). There was a
history of consanguineous marriage in 5 (7.5%) patients, and a
family history of BMD in 24 (35.8%). A maternal carrier test was
conducted on the mothers of 42 patients, and carrier status
was identified in 34 (80.1%) of them.

Of the total 67 patients, 45 (67.2%) were diagnosed incidentally
during the evaluation of elevations in liver function tests, 20
(29.9%) were diagnosed because of a family history of muscle
disease, 1 (1.5%) from complaints of fatigue, and 1 (1.5%)
during the investigation of chest pain.

The mean age at diagnosis was 4.9+3.5 years for patients with
an incidental diagnosis and 3.9+2.9 years for those diagnosed
through family history screening. Although patients diagnosed
via family history had a lower mean age at diagnosis, the
difference was not statistically significant (p=0.238).

The mean age at diagnosis was 4.5+3.4 years in patients with
inframe mutations and 5.3+2.9 years in out of frame patients,
there was no statistical difference between the two groups
(p=0.443).

The most common symptoms were exercise intolerance,
fatigue, exercise-induced pain and muscle cramps, respectively.
On physical examination, calf hypertrophy was found in 64
patients (95.5%), but no patient had Gowers sign. Muscle
strength examination revealed normal strength (5/5) in the
upper extremities of all patients. Distal muscle weakness (4/5)
in the lower extremities was observed in only two patients, aged
12 and 18 years. The 6-minute walk test results of 48 patients
were available and the median value for walking distance was
555 (IQR 457-589) meters (Table ).

The comorbid conditions of the BMD patients were analyzed,
and muscular dystrophy-related cardiac involvement was
present in 8 patients (11.9%), and psychiatric problems were



Table I: The demographic and clinical characteristics of]

patients with BMD

Characteristics Values
Age (years)* 11.6+4.1 (9-15)
Age at diagnosis (years)* 4.6+3.3 (2-6)
Consanguineous marriage’ 5(7.5)
Family history of BMD? 24 (35.8)
Brother 9(13.4)
Grandfather 1(1.5)
Uncle 11 (16.4)
Cousin 3 (4.5)
Maternal carrier® 34 (80.1)
Neuromotor development stages
Age of starting to walk (years)* 1(1-2.5)
Delay in walking® 23
Age of onset of speech (years) * 1(1-5)
Delay in speech’ 9 (13.4)
Clinical symptomst
Exercise intolerance 30 (44.8)
Early fatigue 13 (19.4)
Pain with exercise 10 (14.9)
Cramp 9(13.4)
Leg pain 6 (9)
Physical examination findings
Pseudohypertrophy of calf musclest 64 (95.5)
Gowers sign _
Scoliosist U8 (2]
Distal muscle strength of the upper extremity$ 67/0/0/0/0/0
Proximal muscle strength of upper extremity$ 67/0/0/0/0/0
Distal muscle strength of the lower extremity$ 67/0/0/0/0/0
65/2/0/0/0/0

Proximal muscle strength of lower extremity$

6 minutes walking test (m) (n=48)! 555 (457-589)

* mean+SD ( Inter Quantile Range) ,*: n(%), *: median (min-max) $:
Medical Research Council (MRC) manual muscle strength scale (5/5-
4/5-3/5-2/5-1/5-0/5), ": median (Inter Quantile Range)

detected in 15 patients (22.4%). Psychiatric comorbidities
included learning disabilities in 7 patients, speech delay and/
or speech disorder in 5, ADHD in 2, and ASD in 1. Mutation
involving exon 45 was detected in 10 (66.7%) of the patients
with psychiatric problems, but this finding was not statistically
significant (p=0.622).

Furthermore, no difference in the frequency of psychiatric
problems was observed between the two groups when the
upstream and downstream regions of DMD exon 45 were
compared (p=0.471).

Of the 8 patients with cardiac involvement, 4 had exon 45-48,
3 had exon 45-53 and 1 had exon 45-55 deletion. The genetic
mutations and comorbidities of the patients are summarized in
Table II.

The patients were divided into two groups as complying and
non-complying with the reading frame rule. When the clinical
and laboratory findings of these groups were compared, no
significant difference was found between them (Table IlI).
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Table II:
patients

Genetic mutations and comorbidities of the

Mutation region (exon) n (%) LD SD ASD ADHD CI

45-47 deletion (+) 13 (19.4) 2/13 1/13

45-48 deletion (+) 12 (17.9) 112 4/12
45-55 deletion (+) 7 (10.4) 1/7 1/7 /7
45-53 deletion (+) 5(7.5) 2/5 3/5
3-4 deletion (+) 3 (4.5)

3-4 duplication (+) 3 (4.5) 2/3

46-47 deletion (-) 2 (3)

48-51 deletion (+) 2(3)

19-30 deletion (+) 2 (9 1/2
43-53 deletion (+) 2(3)

52-53 deletion(+) 1(1.5)

51-53 deletion (-) 1(1.5)

48-53 deletion (+) 1(1.5 1/1

45-49 deletion (+) 1(1.5) 11

44-45 deletion (+) 1(1.5)

6,7,42-44 duplication (-) 1 (1.5)

22-29 deletion (-) 1(1.5) 1/

13-15 deletion (+) 1(1.5)

11 deletion (-) 1(1.9)

5-7 deletion (-) 1(1.5)

3-5 deletion (+) 1(1.5)

3-9 deletion (+) 11.5) 1/1

2-7 duplication (+) 1(1.5)

2 duplication(-) 1(1.5)

Non-sense mutation 2 (3)

LD: Learning disabilities, SD: Speech delay and/or speech disorder,
ASD: Autism spectrum disorder, ADHD: Attention deficit hyperactivity
disorder, CI: Cardiac involvement, ®: In-Frame Deletion, “: In-Frame
Deletion

DISCUSSION

This study analyzed the genetic and clinical characteristics
of patients with BMD, focusing on the association between
specific genetic mutations and comorbidities. In particular,
cases with out-of-frame mutations were identified and
some deletions were found to be associated with cardiac or
psychiatric involvement. The study also provides new insights
into the phenotypic spectrum of BMD, highlighting the earliest
age at which certain comorbidities are detected.

In a previous study in literature, the overall carrier frequency
in mothers with carrier mutation types of DMD and BMD was
found in 80 of 139 mothers (57.6%), and this carrier rate was
significantly higher at 89.5% for BMD (14 ). In the current study,
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Table Ill: Comparisons of the clinical and laboratory findings of BMD patients according to the reading frame rule

In-Frame Deletion (+)

In-Frame Deletion (-)

(n=59) (n=8) (n=67) P

Clinical symptoms*

Exercise intolerance 24 (40.7) 6 (76) 30 (44.8) 0.126%

Early fatigue 10 (16.9) 3(37.5) 13 (19.4) 0.179%

Pain with exercise 8(13.6) 2 (25) 10 (14.9) 0.341+

Cramp 8(13.6) 1(12.5) 9(13.4) 0.705*

Leg pain 6 (9) = 6 (9) -
Scoliosis* 14 (23.7) 4 (50) 18 (26.9) 0.127%
Cardiac involvement* 8 (14) - 8(11.9 -
Psychiatric symptoms* 14 (23.7) 1(12.5) 15 (22.4) 0.672*
Creatinine kinase (U/L)*
Highest value 9343 (3400-12751) 16435 (9341-18890) 9422 (3579-13759) 0.0698
Lowest value 2590 (1464-4900) 3476 (1813-7481) 2810 (1482-4900) 0.6865

*: (%), T median (Inter Quantile Range), *: Chi-square test, $: Mann-Whitney U test

the carrier rate was found to be 80.1%), which was lower than
in the literature. This difference was thought to be because, for
various reasons, carrier tests could not be performed on all the
mothers.

Preserved muscle strength facilitates the differentiation of clinical
features between BMD and DMD. BMD patients typically retain
ambulation until at least 16 years of age and, in many cases, well
into adulthood, with some maintaining this ability into advanced
age (9). Diagnosis is most often established incidentally through
the detection of elevated CK levels (15).

In the literature, the mean age of diagnosis for DMD is reported
to be approximately 5 years; however, due to the milder clinical
symptoms in BMD, it is generally expected to be diagnosed at
a later age (1,16). In our study, the mean age at diagnosis was
5 years, which is earlier than the age typically observed in BMD
patients. Age at diagnosis was lower among patients screened
for a family history of the disease; however, this difference was
not statistically significant. These findings underscore the critical
role of CK screening and emphasize the importance of early
diagnostic evaluation in patients with a positive family history.

All patients included in this study were ambulatory, with none
exhibiting a positive Gowers sign. Upper extremity muscle
strength was entirely preserved in all participants, while only
two patients demonstrated mild proximal lower extremity
weakness. This finding likely reflects the fact that the study
cohort comprised individuals at an age when the initial
manifestations of BMD typically emerge.

The most common symptoms in BMD are leg pain, cramping,
exercise intolerance and exercise-induced pain (9,17). The
most common symptoms in the current study were exercise
intolerance, rapid fatigue, exercise-induced pain, cramps, and
leg pain, respectively.

A small proportion of patients with dystrophinopathy do not
have pathogenic variants in the coding region, which can
make the mutation difficult to detect (10). In many cases,
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molecular genetic testing can confirm a definitive diagnosis of
dystrophinopathy without the need for a muscle biopsy (9).

A muscle biopsy may be necessary to differentiate BMD and
DMD and for prognostic evaluation. Immunohistochemical
analyses have shown a complete absence of dystrophin in
patients with DMD, whereas BMD patients have 10% to 40% of
the normal amount of dystrophin or a partially functional form of
the subsarcolemmal protein (1,18). In severe cases, dystrophin
protein levels are usually below 10%, whereas in mild cases
with dystrophin levels above 70%, symptoms may be of late
onset or even remain asymptomatic (19-22). However, muscle
biopsy is not current widely used because it is an invasive
method. This increases the importance of studies on BMD.
Identifying which mutations lead to which clinical picture and
adding them to the literature may have the potential to reduce
the need for biopsy.

A muscle biopsy was performed in only 1 patient in the current
study, and the results were compatible with BMD. In all the
patients, the diagnosis was confirmed by genetic analysis.
Monaco et al.(23) first proposed a theory known as the “reading
frame rule” based on patient examinations in 1988.

In-frame deletions/duplications in the DMD gene that do not
alter the reading frame are generally associated with BMD
phenotypes, with exceptions (23). Kesari et al. (24) observed a
higher frequency of duplications, a different mutation distribution,
and more exceptions to the reading frame rule in BMD patients.
Additionally, in the study by Zambon et al. (25), which examined
the phenotypic spectrum of dystrophinopathies associated
with exon 2 duplications, 30% of the patients exhibited a BMD
phenotype. These findings suggest that clinical manifestations
can be heterogeneous even in cases with out-of-frame
mutations. In the present study, eight patients with out-of-frame
mutations were identified, further supporting these observations
in the literature.

In patients with BMD, serum CK concentrations can often rise
to a level =5-fold above the upper limit of normal (9). Consistent



with the literature, the CK levels in this study were >5-fold
higher. Furthermore, no statistically significant difference was
found between patients with and without in-frame mutations.

The most common mutations in BMD are deletions in exons
45-47 (26). In the current study, consistent with the literature,
the most common deletions were found in exons 45-47. In
addition, most mutations were clustered in the region between
exons 45-55.

Although muscle involvement is milder in BMD than in DMD,
cardiac involvement is often a prominent feature of the disease
(27). The ability of patients with BMD to perform strenuous
exercise may cause damage to myocardial cells with abnormal
dystrophin by increasing mechanical stress on the heart (9).
[t has been reported in the literature that cardiac involvement
is caused by mutations especially in exons 48 and 49 (28).
Mutations involving exons 48 and 49 were found in all the
patients with cardiac involvement in this study. Although life-
threatening arrhythmias have been reported in patients with
exon 3-4 duplications, no arrhythmia was observed in any of
the current study patients with exon 3-4 duplication (29).

Different isoforms of dystrophin are also found in the cerebral
cortex and Purkinje cells, but the function of all dystrophin
isoforms in the brain is not yet fully understood. However,
they appear to be involved in myelination during neuronal
development, synaptic modulation, neuronal differentiation,
and cellular energy metabolism. While cognitive abnormalities
in DMD have been well documented, there is limited information
on the cognitive profile of BMD patients (30-33).

Although the risk of intellectual disability is increased in children
and adults affected by BMD, the average |Q does not differ
from the general population (34). BMD has a higher incidence
of learning disabilities and behavioral comorbidities compared
to the general population, and learning disabilities have been
reported in 32% of BMD patients (34). In the current study,
psychiatric problems were detected in 15 (22.4%) patients, of
which 7 were found to have learning disabilities.

In our study, the lower frequency of psychiatric disorders
observed in patients with BMD compared to the general
literature was attributed to the relatively short follow-up period
and the lack of routine psychiatric evaluations. These limitations
may have contributed to an underestimation of the prevalence
of psychiatric comorbidities in this patient group (35,36).

Thangarajh et al. (37) reported that psychiatric problems such
as ASD, ADHD, and LD were statistically more frequent in the
upstream region of DMD exon 45. However, in the present
patient group, no significant difference was observed between
the two groups (37).

In conclusion, this study highlights the diversity of clinical
and psychiatric challenges linked to genetic mutations in
BMD patients. The impact of out-of-frame mutations on the
phenotypic spectrum reinforces the heterogeneity described
in the literature. Our findings emphasize the critical role of
early diagnosis and the need for a multidisciplinary approach
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in the care of these patients. To further improve management
strategies, we recommend prioritizing the systematic
assessment of comorbidities to inform personalized care. The
identification of mutation-specific clinical patterns may improve
diagnostic and prognostic tools, reduce dependence on
invasive procedures such as muscle biopsies, and ultimately
improve the overall quality of care for BMD patients.

Limitations of the study

As this was a retrospective chart review, maternal carrier status
could not be examined in all the patients and 6-minute walk test
results were not available for all patients. In addition, accurate
data on the ages at which comorbid conditions were detected
were not available.

Ethics committee approval

This study was conducted in accordance with the Helsinki
Declaration Principles. Ethical approval was granted by the
Tepecik Training and Research Hospital Non-Interventional
Ethics Committee (Decision No: 2024/08-05, Date: 02.09.2024).
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Differential laboratory findings of common respiratory viruses in
hospitalized children: a retrospective study

Furkan Kalayci, ~Kaan Celebier

Department of Child Health and Diseases, Ankara Bilkent City Hospital, Ankara, TUrkiye

ABSTRACT

Objective: The objective of this study was to comparatively investigate the effects of five common viral agents causing respiratory
infections—influenza virus (IFV), human respiratory syncytial virus (hnRSV), human rhinovirus (hRV), human metapneumovirus (hMPV), and
human bocavirus (hBoV)—on laboratory parameters and clinical outcomes in children without underlying chronic diseases.

Material and Methods: A total of 983 children aged one month to eighteen years who presented to Ankara Bilkent City Hospital between
January 2020 and December 2024 were retrospectively evaluated. Only children hospitalized with a single detected viral agent were
included in the study. Clinical data and laboratory parameters were analyzed based on the identified viral pathogens.

Results: Among the 983 patients included, 62% were male. The most commonly detected viral agent was IFV, followed by hBoV, hRSYV,
hRV, and hMPV. In IFV infections, elevated levels of AST and ALT were observed. Significant elevations in partial pressure of PCO2 and
HCOs were detected in hRSV infections. In hBoV infections, inflammatory markers such as CRP, WBC, and NLR reached the highest
levels. Furthermore, decreases in pH and increases in PCO2 were significantly associated with intubation and intensive care admissions.

Conclusion: The distinct biomarker profiles exhibited by different viral agents may aid in guiding the clinical decision-making process. In
particular, early assessment of biomarkers such as LDH, pH, PCO2, and CRP at the time of hospital admission can be valuable for predicting
disease severity and determining the need for intensive care in the clinical management of pediatric viral infections.

Keywords: Human bocavirus, Human metapneumovirus, Human respiratory syncytial virus, Human rhinovirus, Influenza virus, Lower

respiratory tract infections

INTRODUCTION

Lower respiratory tract infections (LRTIs) are among the most
common causes of hospital admissions and prolonged stays
during childhood. Viral pathogens, particularly in children under
the age of five, are the primary etiological agents of LRTIs. The
clinical manifestations of these infections can vary significantly,
ranging from mild symptoms to severe illness requiring intensive
care (1). Inrecent years, the identification of viral agents has been
greatly enhanced by the widespread adoption of diagnostic
techniques such as multiplex real-time PCR (mPCR), enabling
a more comprehensive evaluation of the clinical and laboratory
profiles associated with viral infections (2).

Common blood tests play a critical role among the parameters
frequently utilized in the evaluation of infectious diseases.
Hematologic markers such as white blood cells (WBC),
lymphocytes (LYM), platelets (PLT), and eosinophils (EO) are

widely used laboratory indicators in the clinical assessment
of infections (3,4). C-reactive protein (CRP), an acute-phase
reactant, can rise rapidly in response to acute infammatory
processes. Although it is well known to increase markedly in
bacterial infections, elevated levels may also be observed
in viral infections and can serve as an indicator of disease
severity (5,6). Blood gas parameters—including pH, partial
pressure of oxygen (PO2), partial pressure of carbon dioxide
(PCO2), bicarbonate (HCOs), and lactate—are essential in the
assessment of respiratory failure, particularly in LRTIs. These
parameters are also commonly used to evaluate and monitor
the morbidity and potential mortality associated with the
disease (7).

This study aimed to investigate the changes in laboratory
parameters and their relationship with clinical outcomes in
infections caused by common respiratory viruses—such as
influenza virus (IFV), human respiratory syncytial virus (hRSV),
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human rhinovirus (hRV), human metapneumovirus (hMPV),
and human bocavirus (hBoV)—in children without underlying
chronic diseases.

MATERIALS and METHODS

Study group and study design

This study was conducted on 983 children who presented to
and were hospitalized at the Pediatric Clinics of Ankara Bilkent
City Hospital Children’s Hospital. The study population included
children aged between one month and 18 years, admitted
between January 2020 and December 2024, who underwent
multiplex real-time PCR (mPCR) testing on nasopharyngeal
swab samples and had no history of chronic disease. Children
who presented to the hospital solely with respiratory infection
symptoms, had an mPCR sample taken at admission, and
had no comorbid conditions were included in the evaluation.
Patients who tested positive for IFV, hBoV, hMPV, hRV, or hRSV
via mPCR were retrospectively analyzed. Exclusion criteria
included a history of chronic disease, improperly collected
samples, detection of multiple viral agents on mPCR testing,
hospitalization for reasons unrelated to respiratory distress, or
detection of non-respiratory pathogens. Laboratory parameters
are examined only when clinically indicated. In the study group,
the laboratory parameters of patients who underwent these
tests were evaluated.

Data collection

In this study, data were retrospectively obtained from the
electronic health records system of Ankara Bilkent City
Hospital. The analyzed variables included patient age, gender,
initial admission location [Pediatric Intensive Care Unit (PICU)
or non-intensive care unit (non-PICU)], type of respiratory
support provided at admission [invasive mechanical ventilation
(IMV), non-invasive ventilation (NIV), high-flow nasal cannula
(HFNC), or mask oxygen therapy], and laboratory parameters.
The evaluated laboratory parameters included aspartate
aminotransferase (AST), alanine aminotransferase (ALT), lactate
dehydrogenase (LDH), pH, partial pressure of carbon dioxide
(PCO2), partial pressure of oxygen (PO2), bicarbonate (HCOs),
lactate (LAC), C-reactive protein (CRP), white blood cell count
(WBC), absolute neutrophil count (ANC), absolute lymphocyte
count (ALC), eosinophils (EO), platelets (PLT), large unstained
cells (LUC), delta neutrophil index (DNI), and neutrophil-to-
lymphocyte ratio (NLR).

Multiplex RT-PCR analysis

Respiratory viruses were identified using the multiplex real-time
PCR assay (Rotor-Gene Q, QIAGEN, Germantown, Maryland,
United States). This technique facilitates the detection of various
pathogens, including IFV, hRSV, hCoV (Corana 229E, OC43,
NL63, HKU1, SARS-COV2), hPIV, hMPV, hRV, EV, hBoV, hAdV,
and human parechovirus. Additionally, bacterial pathogens
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including Mycoplasma pneumoniae, Bordetella pertussis,
Chlamydophila pneumoniae, Haemophilus influenzae, and
Streptococcus pneumoniae were also detected.

Statistical analysis

The Statistical Package for the Social Sciences (SPSS) 23.0
(Chicago, llinois, USA) was implemented for the statistical
analysis. The Kolmogorov-Smirnov test and the examination
of histograms were used to evaluate the compliance of
numerical and continuous variables with normal distribution.
Numerical data with a normal distribution were expressed as
the mean and standard deviation, while data with a non-normal
distribution were expressed as the median and interquartile
range (IQR). Percentages (%) and numbers (n) were used to
express categorical variables. In contrast, the Mann-Whitney
U test was used to compare continuous variables that did not
meet the normal distribution. The Kruskal-Wallis test evaluated
continuous variables from many groups that did not fit into the
normal distribution. Categorical variables were analyzed with
the Pearson chi-square or Fisher’s Exact Test. When comparing
more than one group, p values were calculated using the
Bonferroni correction. Binary logistic regression analysis was
performed to evaluate the association between age and the
likelihood of PICU admission. The significance level was
established at p<0.050.

RESULTS

This study was conducted on a total of 983 pediatric patients,
with males comprising 62% (n=609) of the participants.
The distribution of detected viral agents was as follows: IFV
accounted for 31.7% (n=317), hRSV 22.5% (n=221), hRV
11.5% (n=113), hMPV 10.0% (n=98), and hBoV 24.3% (n=239).
The median age across the study group was established as
three (1-5) years. The median ages according to viral agents
were as follows: five (2-9) years for IFV, two (1-3) years for
hRSV, one (0.4-4) year for hRY, three (2-4) years for hMPV,
and 2.5 (1-4) years for hBoV. A statistically significant difference
in age was found among the viral agents (p<0.001), with IFV
infections occurring in older age groups compared to other
viruses (p<0.001), while hRV and hRSV infections were more
frequently observed in younger children (p<0.001).

IFV infection was associated with a significant increase in AST
and ALT levels compared to hRSV, hRV, hMPV, and hBoV
infections (p<0.001). hBoV infections were characterized
by higher CRP levels compared to IFV infections (p<0.001).
Significant increases in PCO2 and HCOs levels were observed in
hRSV infections, and these parameters were significantly higher
compared to hRV, hMPV, and hBoV infections (p<0.001). hRV
infections were associated with noticeable increases in WBC,
EO, and PLT levels (p<0.001). hMPV infections were particularly
noted for increases in LDH and CRP levels (p<0.001). Among
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Table I: Laboratory biomarkers by viral respiratory pathogens in pediatric patients

Tests IFV* hRSV* hRV* hMPV* hBoV* Total* pt
. 302; 212; 109; 86; 227; 936;
AR 43(32.7-66) 37(30-47.7) 34(28-43) 38(31.5-51) 33(28-42) 37 (30-49) <0001
302; 212; 109; 87; 231; 941;
AL 23(17-36) 23(17-29) 21 (16-27) 20(15-28) 19(15-25) 21 (16-30) <0001
LDH (U/) 282; 185; 104; 80; 202; 853; 0.026
309(282.7-386.3) 330(287.5-371.5) 316(278.5-376.5) 363.5 (304-404) 837.5(3007-383) 333 (291-383) -

’ 104; 176; 82; 68: 193 713; 0001
P 7.43(7.40-7.47) T7.40(7.86-7.44) 7.40(7.35-7.43) 7.42(7.39-7.44) 7.41(7.87-7.46) 7.42 (7.37-7.45) <O
PCO, 194; 176; 82; 68; 191; 712; <0.001
(mmtig) 31.9(283-35.9) 86.1(31.6-41.8)  33.8(29.3-39) 33.8(29.1-39.3) 80.7(27.6-36)  33.3(28.9-38.1) <O

194, 176; 81; 67; 194, 712;
PO, (MMHY) 447 (37.0-58.3) 47.2(36.3-59.9) 48.2(36.1-61.3) 43.8(37.9-50.8) 49.2(38.4-64.5) 47.1(37.4-60.8 °-010
HCO3 193; 176; 82; 68; 191; 710; <0.001
(MEq/L) 01.3(19.3-22.9) 22.3(204-25) 20.89(18.2-22.9) 21.9(19.1-25.1) 19.99(17.8-21.9) 21.2(189-233 <O
LAC 103: 177: 80; 67; 101; 708; 0.008
(mmol/L) 17012226 2 (1.4-2.9) 2(1.7-2.5) 1.9(1.5-2.6 18(1.3.2.4) 1.9(1.4-2.6) :
305: 212; 113: 85:; 004; 939;
CRPMIL) g 1(3.3-20.4) 4 (1-20) 4(2-8) 10(1-40) 11.3(4-30.7) 8.5(1.9-208 <0001
208: 212; 112: 88: 229; 939;
(e} s y ’ ’ ’ y
WBCXI0L 7 04 (4.71-9.74) 8.85(6.82-11.49) 11.08(8.04-14.85) 9.99(6.60-12.99) 10.69(8.57-13.29) 9.10 (6.33-12.34) <0001
298; 212; 112: 88: 229; 939;
9 ) ) , s ) )
ANCXIOL 5 750.01-6.37) 3.24(1.90-4.99) 573(2.92-045) 4.38(278-670) 6.50(4.34-0.78) 4.44 (2.38—7.25 <0001
297: 212: 112; 88; 299; 938;
9 y y y s y y
ALCXIOL 4 57 (1.04-2820) 4.19(2.92-5.48) 3.21(1.76-5.08) 3.79(2.11-5.63) 2.51(1.55-3.94)  2.66 (1.50-4.47) <0-001
298; 212; 112; 88: 228; 938;
EO (b 30(10-70) 90(30-230) 110(40-280)  55(12.5-177.5) 100 (40-257.5) 60 (20-180)  <0:001
208: 212: 112; 88: 299; 939;
RER(IL) 066(201-350)  427(334-504)  430(332-544)  366(294-507)  355(285-450) 347 (264-465) <0-001
298; 212; 112; 87; 228; 937;
LUCUML)  460(100-270)  350(230-477.5) 245(142.5-380) 330 (210-460) 150 (40-280) 210 @0-360)  <0:001
DNI 247, 212; 112; 87; 222; 880; 0.161
0.1(0.1-0.5) 0.1(0.1-0.1) 0.1(0.1-0.1) 0.1(0.1-0.1) 0.1 (0.1-0.1) 0.1 (0.1-0.1) :
298; 177: 112; 55! 217; 859;
AR 2.2(0.9-4.3) 0.7 (0.3-1.4) 1.5 (0.6-1.5) 1(0.4-2.2) 2.8(1.2:5.4) 17 (0.741) <0001

* n; median (min-max), 1: Kruskal-Wallis test, AST: Aspartate Aminotransferase, ALT: Alanine Aminotransferase, LDH: Lactate Dehydrogenase,
CRP: C-Reaktif Protein WBC: White Blood Cell, ANC: Absolute Neutrophil, ALC: Absolute Lymphocyte, EO: Eosinophil, PLT: Platelet, LUC: Large
Unstained Cells, DNI: Delta Neutrophil Index, NLR: Neutrophil-to-Lymphocyte Ratio, LAC: Lactate

all viral agents, hBoV infections showed the highest levels of
CRP and WBC (p<0.001) (Table 1).

A total of 84.5% (n=831) of the patients were admitted to non-
PICU units, while 15.5% (n=152) were admitted to the PICU.
The most common viral agent associated with intensive care
admission was hRSV, followed by hMPV, hBoV, hRVY, and IFV
(p<0.001). When laboratory data were compared in relation
to intensive care admissions, a decrease in pH levels and
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increases in PCO2 and HCOs levels were significantly associated
with the need for intensive care (p<0.001 for each). Additionally,
elevated LDH levels (p=0.013) and higher LUC values (p=0.012)
were also significantly associated with PICU admission. Higher
rates of intensive care admission were observed in younger age
groups, with the frequency decreasing as age increased. Each
one-year increase in age was associated with a 14% decrease
in the likelihood of PICU admission (Exp(B)=0.853; 95% CI:
0.794-0.915; p<0.001).



During the treatment process, 2.6% (n=26) of the patients
received IMV, 14.2% (n=140) received NIV, 9.9% (n=97) received
HFNC, and 73.2% (n=720) received oxygen support via mask.
Among all biomarkers, pH and partial pressure of PCO2
were the parameters that showed the most consistent and
significant differences across the respiratory support groups.
In patients who underwent IMV, pH levels were significantly
lower compared to the NIV (p=0.003), HFNC (p<0.001), and
mask (p<0.001) groups. Similarly, PCOz levels in the IMV
group were significantly higher compared to the NIV (p=0.004),
HFNC (p<0.001), and mask (p<0.001) groups. Although
significant differences were observed in LDH, HCOs, and LUC
levels—particularly between the NIV and mask groups—these
differences were not consistent across all groups. Parameters
such as CRP, ANC, and PLT did not show statistically significant
differences between the groups. Furthermore, no significant
difference was found between patients treated with HFNC and
those treated with a mask in terms of the biomarkers analyzed.

DISCUSSION

Viral agents causing LRTIs may result in clinical presentations
ranging from mild symptoms to severe morbidity and mortality.
In this study, laboratory parameters associated with hospital
admissions due to common viral agents were evaluated in a
large cohort of children without underlying chronic diseases.
Furthermore, differences in laboratory findings among various
viral agents and their potential effects on the clinical course
were investigated. The findings of this study contribute to the
identification of virus-specific biomarkers and support improved
risk stratification in the management of pediatric patients.

The literature indicates that viral agents are most commonly
detected in children under the age of four (8-11). The median
age findings in our study are consistent with these reports. It
was found that the median age of children with IFV infection
was higher compared to those with other viral agents, in line
with previous studies (12,13). The median ages associated with
other viral agents also showed similarities to previously reported
data (2). The findings suggest that careful clinical evaluation is
essential for children under the age of three in cases of hRV,
hRSV, hMPV, and hBoV, and for older children in cases of IFV.
In particular, when assessing hospitalized children without
underlying conditions, clinicians should consider that viral
agents may play a significant role in hospital admissions among
those under five years of age. Therefore, special attention
should be given during the initial clinical assessment of patients
within this age group.

Increases in ALT and AST levels are important biomarkers
indicating potential organ failure, while LDH reflects tissue
damage and the presence of hypoxia (14). In the literature,
some studies have reported elevated liver enzyme levels in
19.4% of patients, with the highest frequencies observed in
infections caused by hRSV (50%) and IFV (35.8%) (15). Another
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study found that the highest prevalence of elevated ALT and
AST levels occurred in IFV cases (33.7%), followed by hRSV
infections (30.9%) (16). Consistent with these findings, the
present study also observed the most frequent elevations of
ALT and AST in IFV infections. LDH has been identified as a
significant prognostic marker in infectious diseases such as
COVID-19 and RSV in various studies (17,18). In adult patients,
elevated LDH levels in pneumonia have been directly associated
with increased mortality (19). In pediatric cases, LDH levels were
found to be significantly higher in intensive care admissions
related to COVID-19 (20). In a study involving infants, LDH levels
were reported to be higher in human metapneumovirus (hMPV)
infections compared to hRSV infections (21). In the present
study, we observed the most notable LDH elevations in hMPV
infections, followed by human bocavirus (hBoV). Although
elevations in ALT and AST were not significantly associated with
intensive care admissions, LDH levels, consistent with previous
reports, showed a significant association. Therefore, assessing
ALT and AST levels upon admission for evaluating the risk of
organ failure, and monitoring LDH levels as a predictor of tissue
damage and the potential need for intensive care, is crucial in
clinical management. Patients with elevated biomarker levels,
particularly LDH, should be closely monitored for morbidity and
mortality.

In the literature, hRSV has been reported as the viral agent most
frequently associated with intensive care admissions and the
need for intubation (22,23). Consistently, in the present study,
hRSV infections constituted the highest-risk group. Analysis of
blood gas parameters revealed significant increases in partial
pressure of PCO2 and HCOs levels in hRSV infections. The
bronchiolitis commonly observed in hRSV cases may reduce
alveolar ventilation, leading to the development of hypercapnia.
This condition is often accompanied by a metabolic
compensation, which results in elevated bicarbonate levels.
Additionally, the lowest pH values were observed in patients
requiring intubation—particularly those with hRSV infections—
rather than in patients with other viral agents. A decrease in pH
and an increase in PCO2 are considered important biomarkers
for predicting respiratory failure (24,25). In the current study,
these parameters showed the most pronounced differences in
the intubation group relative to other patient groups. Therefore,
rapid and careful assessment of pH and PCO:z levels is critical
in making decisions regarding intensive care admission or
intubation, and may significantly enhance clinical management.

The literature indicates that CRP levels can serve as animportant
early biomarker for sepsis and mortality. In particular, CRP
levels at the time of hospital admission are considered a key
indicator for evaluating disease severity. Several studies have
demonstrated statistically significant associations between
CRP and other inflammatory markers with mortality (26,27).
In the present study, the highest CRP levels were observed
in infections caused by human bocavirus (hBoV) and human
metapneumovirus (hMPV). Notably, the pronounced elevation
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of CRP in hBoV infections suggests that this virus may trigger
a systemic inflammatory response. Supporting this finding,
previous reports have stated that hBoV infections may present
with elevated CRP levels and thus mimic bacterial infections
(28). Therefore, in cases with high CRP levels at admission, the
exclusion of viral etiologies should be carefully considered prior
to initiating antibiotic therapy, as part of the clinical decision-
making process.

White blood cell (WBC) count is one of the most commonly used
laboratory parameters in the evaluation of childhood infections.
In the present study, significant increases in WBC, EO, and PLT
levels were observed in infections caused by hRV and hBoV.
The eosinophilia observed in hRV infections may reflect not only
viral inflamsmation but also suggest that these infections occur
more frequently or more severely in children with a history of
atopy or asthma (29). In contrast, lower EO levels in hRSV and
IFV infections support this distinction. Furthermore, previous
studies have indicated that hRV may lead to a more severe
clinical course in children with underlying allergic conditions
(80). The increase in platelet count is generally interpreted
as reactive thrombocytosis and is recognized as a marker of
the systemic inflammatory response to infection (31,32). In
our study, the highest platelet levels were observed in hRV
and hRSV infections, suggesting that both viruses may elicit
a strong inflammatory response. Lymphocyte subgroups,
such as ANC and ALGC, can provide valuable insights into the
nature and progression of an infection. The finding that the
highest ANC levels were observed in hBoV and hRV infections
suggests that these viruses may be associated with neutrophil-
dominant inflammation. Conversely, the highest ALC levels
were detected in hRSV infections, indicating a predominantly
lymphocytic response. In this context, evaluating both ANC and
ALC levels in combination may serve as a useful clinical tool for
distinguishing viral from bacterial infections.

The neutrophil-to-lymphocyte ratio (NLR) is commonly used as
an indicator of systemic inflammation in adult populations (33).
In pediatric cases, several studies have reported elevated NLR
levels during severe viral infections (34,35). In the present study,
the highest NLR levels were observed in infections caused by
hBoV, suggesting that hBoV may be associated with a more
aggressive inflammatory response. However, viral infections
can present with varying hematological profiles, including
not only neutrophilia and lymphopenia but also neutropenia
accompanied by lymphopenia. These variations indicate that
NLR may not consistently serve as a reliable standalone marker
for assessing the severity of viral infections in children.

Some studies have reported that decreased levels of large
unstained cells (LUC) are significantly associated with intensive
care admissions, suggesting that an inadequate production of
activated lymphocytes and a compromised immune response
may contribute to severe clinical outcomes (34). Conversely, the
present study found that increased LUC levels were significantly
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associated with both intubation and intensive care admissions.
LUC represents immature cell populations and typically rises
during viral infections. This elevation is particularly notable in
cases where the immune system is strongly stimulated and
may serve as a useful biomarker in clinical presentations
resembling sepsis (36,37). Although the prognostic use of LUC
levels in pediatric patients remains limited, it is considered to
have potential for further investigation in future research.

While this study provides important findings, several limitations
should be acknowledged. First, its single-center and
retrospective design restricts the generalizability of the results
to broader populations. Nevertheless, the inclusion of a large
pediatric cohort and the exclusion of children with chronic
diseases are notable strengths that enhance the study’s
internal validity. In addition, the study did not assess the impact
of viral load, as detected by multiplex real-time PCR (mPCR),
on clinical outcomes. This omission may limit the clinical
interpretation of certain laboratory parameters. The absence of
sputum cultures also complicates the exclusion of secondary
bacterial infections. However, the mPCR assay covers several
common pneumonia pathogens, and any patients in whom
these pathogens were identified were excluded from the study.

This study demonstrates that common viral respiratory
infections in pediatric patients are associated with distinct
biomarker profiles. Notably, elevated AST and ALT levels in IFV
infections, as well as the significant association of increased
partial pressure of PCO2 and HCOs levels in hRSV infections
with the need for intensive care, are particularly striking. Human
bocavirus (hBoV) infections exhibited the highest values in
inflammatory markers such as CRP, WBC, and NLR, suggesting
a more pronounced systemic inflammatory response. The
findings indicate that certain biomarkers measured at the time
of admission—such as pH, PCO2, LDH, and CRP—may serve
as valuable tools in predicting disease severity. Therefore, early
evaluation of these biomarkers can significantly contribute to
risk stratification and decision-making regarding intensive care
needs in the clinical management of pediatric viral infections.
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Prognosis of chronic urticaria in children

Saniye Yasemin Yilmaz, “ilknur Kiilnag Celik, “Hasibe Artag

Department of Pediatric Allergy and Immunology, Selcuk University, Konya, Turkiye

ABSTRACT

Objective: Chronic urticaria (CU) is defined as the recurring presence of urticaria, angioedema, or both, for a duration of six weeks or
more. In most patients, it is a self-limiting disease. The study aimed to investigate the clinical findings, comorbidities, laboratory results,
response to treatment and prognosis in children with CU.

Material and Methods: Patients aged 0-18 years with CU followed up at the Pediatric Allergy and Immunology Outpatient Clinic of
Selcuk University Faculty of Medicine Hospital between January 2022 and March 2024 were included, and their medical records were
retrospectively analyzed.

Results: The study sample included 74 patients with CU. About 55.4% of the patients were girls. The mean age of the patients was 11
year (2.3-17.9). The mean follow-up period was 475 days (129-925). Sixteen patients (21.6%) had angioedema, while 15 patients (20.2%)
reported presence of a trigger. Eleven patients (14.8%) had dermographism. Four patients (5.4%) were anti-thyroid peroxidase positive
and seven patients (9.4%) were antinuclear antibody positive. Eosinopenia was present in 10 patients (13.5%), whereas basopenia was
present in only two (2.7%) patients. Skin prick test detected positivity in 24 patients (32.4%). Sixty-eight patients (91.9%) responded
to antihistamine and/or montelukast treatment, and omalizumab was prescribed to six patients (8.1%) showing no response to the
conventional treatment.

Conclusion: In pediatric CU patients, the disease is often self-limiting without the need for treatment with omalizumab. Drug compliance
should be evaluated in patients with poor disease control.

Keywords: Antihistamine, Chronic urticaria, Eosinopenia, Prognosis

INTRODUCTION

Urticaria is characterized by edematous papules/plagues
involving the upper layers of the dermis, which are raised from
the skin, fade with pressure, pink or red in color, with clear
borders and usually surrounded by a ring of erythema (1).
Chronic urticaria (CU) is broadly described as continuous or
intermittent urticaria present for at least 6 weeks. The incidence
of CU is estimated to be 1.4% per year, affecting 2-3% of
the population and significantly impairing their quality of life.
Previous studies indicate that the prevalence of CU is generally

autoimmune etiology (3). In pediatric CSU patients, spontaneous
remission occurs in 30% to 50% of cases within the first three-
years following diagnosis (4).

The diagnostic workup for all urticaria patients should involve
a comprehensive clinical history, the initial step crucial for
accurate diagnosis and subsequent management. Clinicians
should thoroughly collect all available information regarding the
temporal aspects of symptoms (onset, frequency, and pattern),
potential triggering factors, environmental exposures, presence
of angioedema or other systemic manifestations, current and
past medication use, and known allergies. Besides, urticarial

higher in females with a female-to-male ratio ranging from 7:3
to 4:1 (2,3).

Chronic spontaneous urticaria (CSU) accounts for around
50-75% of chronic urticaria cases, whereas chronic inducible
urticaria (CIU) is responsible for approximately one-third of all
cases (1). Epidemiological data derived from adult populations
suggest that certain subtypes of CSU may have an underlying

lesions and angioedema often display an ephemeral nature
they may not be evident during physical examination so it is
of great importance to review documents detailing signs and
symptoms, including photographic evidence of urticaria and/or
angioedema (4-6). The third step in the diagnostic algorithm for
CU involves a basic diagnostic workup with limited laboratory
testing. Subsequent to these three steps, further diagnostic

© 2025 Author(s). Published by Turkish Journal of Pediatric Disease. This is an open-access article distributed under the Creative Commons Attribution License (CC BY), which
permits unrestricted use, distribution, and reproduction in any medium or format, provided the original work is properly cited.

Correspondence Address:

Saniye Yasemin Yilmaz
e-mail: drsaniyeyaseminyilmaz@gmail.com

Received :19.11.2024
Accepted 1 27.12.2024

DOI: 10.12956/tchd. 1587146


https://orcid.org/0009-0003-7351-9612
https://orcid.org/0000-0003-3812-9654
https://orcid.org/0000-0002-9807-2605

138 Yimaz SY et al.

investigations may be performed, individually tailored based
on previous findings, the specific type and subtype of urticaria
identified, such as provocation tests for inducible urticaria (5,7).

The current treatment options for urticaria mainly focus on
targeting mast cell mediators, such as histamine, or their
activators including autoantibodies. The first line of treatment,
as recommended by international guidelines, involves the
administration of second-generation H1-antihistamines at standard
doses for symptomatic relief (5). Leukotriene receptor antagonists
(LTRA) particularly montelukast, which is the most extensively
studied in this class have so far shown a favorable safety
profile in numerous clinical trials, including those involving
pediatric patients. However, their efficacy in CSU still remains
rather limited, as we have no robust evidence to encourage
LTRA use as monotherapy (8). For patients failing to achieve
adequate symptomatic control with second-generation H1-
antihistamines, omalizumab stands out as the only licensed
drug therapy, thus representing the next echelon in the
treatment algorithm. A monoclonal antibody targeting free
immunoglobulin E (anti-IgE), omalizumab has been shown to
be highly effective and safe in the management of CSU with
reduced urticaria activity scores (9).

In this study, we aimed to investigate the factors affecting
prognosis in children with chronic urticaria.

MATERIALS and METHODS

The sample of this retrospective study included pediatric
patients aged 0-18 years who were evaluated and followed at
the Pediatric Allergy and Immunology Outpatient Clinic of Selcuk
University Faculty of Medicine Hospital from January 2022
to March 2024. Research data were retrieved from medical
records and the hospital’s electronic health record system.
The following parameters were recorded for analyses: gender,
age, family history, chronic diseases, duration of urticaria, type
of urticaria, laboratory findings (complete blood count results,
erythrocyte sedimentation rate (ESR), C-reactive protein (CRP)
level, thyroid function tests, antithyroglobulin and antithyroid
peroxidase autoantibodies (anti-TPO), antinuclearantibody
(ANA) level, urine analysis).

Drug therapies: Treatment regimens administered to the
study cohort were also documented. In order to assess current
therapeutic status and remission outcomes, patients were
contacted via telephone for a standardized follow-up interview.
The Urticaria Activity Score over seven days (UAS7) was
employed as a validated instrument to quantify disease activity
and evaluate remission status.

Hematological and immunological parameters were analyzed
through established cut-off values from the literature:
an eosinophil count below 0.05x10%L was considered
eosinopenia, while basophil values below 0.01x10%L were
interpreted as basopenia (10,11). Serum total IgE levels were
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classified as low if below 40 kU/L and high if above 100 kU/L
(12).

Diagnostic procedures: Results of skin prick tests for
common aeroallergens and food allergens, and provocation
tests for physical urticaria were collected and included in
the analyses. Skin prick testing was performed through
standardized allergen extracts from Credisol® (Maharashtra,
India) and Lofarma® (Milano, ltaly). To reduce potential
confounding effects, patients were instructed to discontinue
antihistamines 15 days prior to testing, antidepressants seven
days prior, and montelukast three days prior. Positive control
agent was a histamine solution (10 mg/mL) and the negative
control substance was physiological saline. Allergen solutions
were applied to the volar aspect of the forearm through the
prick-lancet technique. Measured 15 minutes after allergen
application, a positive reaction was defined as the development
of a wheal measuring 3 mm or larger in diameter at the allergen
test site as compared to the negative control site (13). Inhalation
allergens used in the skin prick test included house dust mites
(Dermatophagoides farinea, Dermotophagoides pteronyssinus),
pollen allergens representing various sources like trees (redwood,
birch), grasses (rye, grass), and weeds (xanthium or cocklebur,
common plantain, lamb’s quarters, and other prevalent weeds), cat
epithelium, dog epithelium, molds (Alternaria alternata, Aspergillus
and Cladosporium) and cockroach debris. Food allergens included
common allergenic foods like milk, eggs, tree nuts, peanuts, wheat
flour, fish, tomatoes, and soy. In addition to the skin prick tests,
the ice cube test was used to evaluate for cold urticaria, which
involved placing an ice cube on the inner side of the forearm for
five minutes and observing for the development of hives, which
would indicate an allergic reaction to cold.

Statistical analysis

Statistical analyses were performed via IBM IBM SPSS
Statistics for Windows, version 22 (IBM Corp., Armonk, N.Y.,
USA). After evaluating the conformity of the data to normal
distribution by the Kolmogorov Smirnov test, an after evaluating
the conformity of the data to normal distribution by the
Kolmogorov Smirnov test, median (IQR or minimum-maximum)
or mean (standard deviation) values were used to evaluate
numerical data; frequency distributions and percentages were
used to summarize categorical data. Mann-Whitney U tests
were conducted to explore the differences between groups for
data not conforming to normal distribution. Chi-square test was
used to compare categorical data. Statistical significance level
was accepted as p<0.050 in all tests.

RESULTS

Our study included 74 patients. The mean age at presentation
was 11 year (2.3-17.9). Female patients constituted the
majority with a rate of 55.4% (n=41). Patients were followed
up for a mean duration of 475 days (129-925) after diagnosis.



Sixteen patients (21.6%) had angioedema associated with
urticaria. When chronic diseases were questioned, asthma was
the most common comorbidity. Among the comorbidities were
allergic rhinitis, hypothyroidism, familial mediterranean fever
(FMF), idiopathic thrombocytopenic purpura (ITP), and diabetes
mellitus (DM). Fifteen patients (20.2%) reported urticaria after a
trigger (hot water, water, cold, pressure). Of all CU patients, 60
(81.1%) were diagnosed with CSU and 14 (18.9%) with Chronic
inducible urticaria. According to diagnostic provocation tests,
the most common type among the 14 patients with CIU was
symptomatic dermographism (78.6%), followed by aguagenic
urticaria (21.4%). Demographic characteristics of the patients
are summarized in Table I.

Laboratory results showed that 10 of 74 (13.5%) patients
had eosinopenia, four (5.4%) eosinophilia and two (2.7%)
basopenia. There were 24 patients (32.4%) with a positive skin
prick test. Allergic sensitization via inhalation was detected in
13 (17.6%), food sensitization in eight (10.8%), and combined
inhalation and food sensitization in three (4%) patients. ANA
positivity was found in seven (9.4%) of all patients, and no
patient developed rheumatologic disease during the follow-
up period. Antithyroid peroxidase antibody positivity was

Table I: Clinical characteristics of children with chronic]

urticaria
Children with
Chronic Urticaria
(n=74, %)
11+5.1 (2.3-17.9)
475+237.2 (129-925)

Variables

Age at presentation (year)*

Mean follow-up time (days)*

Gendert

Female 4

Male €
y
;

y
8
Presence of angioedema' 6
Presence of a trigger 0
(hot water, water, cold, pressure)t
Hot water 5
Cold 2
Water 2
Stress 1
Dermographism? 11
Comorbiditiest
Asthma 7
Allergic rhinitis 2
Hypothyroidism 2
Familial mediterranean fever 1
Idiopathic thrombocytopenic purpura 1
Diabetes mellitus 1
Family history®
Chronic urticaria (mother/father) 4
Asthma/Allergic rhinitis (mother/father) 2
Rheumatologic disease (mother/father) 1
Chronic spontaneous urticariat 60
Chronic inducible urticaria®
Dermographism
Aquagenic (cold) urticaria
*: mean=standard deviation (min-max), t:n(%)
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Table ll: Laboratory results of children with chronic urticaria

Children with
Variables chronic urticaria
(n=74, %)
Eosinopenia 10 (13.5)
Eosinophilia 4 (5.4)
Basopenia 2 (2.7)
Mean IgE level, average* 133.87+£152 (17-688)
Low IgE <40 kU/L 16 (21.6)
High IgE >100 kU/L 21 (28.4)
Positive for antithyroid peroxidase
L 4 (5.4)

antibodies
Positive for antinuclear antibodies 7 (9.4)
Skin prick test positivity 24 (32.4)

Inhalant allergen sensitivity 13 (17.6)

Food sensitivity 8 (10.8)

Inhalation and food sensitivity 3 (4)
Elevated erythrocyte sedimentation rate 3 (4)
Elevated C-reactive protein 7 (9.4)
Urine analysis

Leukocyturia 11(14.7)

Hematuria 2 (2.7)

Proteinuria 2 (2.7)

*' meanzstandard deviation (min-max)

detected in four patients (5.4%) and no autoimmune thyroiditis
was detected during follow-up. Thirteen patients (4%) showed
elevated ESR and seven (9.4%) elevated CRP as acute phase
reactants. Urinalysis detected signs of infection in 11 patients
(14.9%). The laboratory test results are presented in Table II.

As a first line of treatment, all 74 patients received antihistamine
therapy at the standard dose. For patients who did not respond,
the dose was increased incrementally up to two, three, or four
times the initial dose. Montelukast was added to the drug
regimen in 28 patients with no partial response despite the
increased antihistamine doses. Twenty-two patients responded
well to combined therapy with antihistamine and montelukast.
Omalizumab was commenced in six patients with partial
response. The details of drug regimens administered to patients
are presented in Figure 1. Among the six patients who received
omalizumab therapy, one (16.7%) presented with angioedema,
one (16.7%) asthma, one (16.7%) exhibited both eosinopenia
and basopenia, two (33.3%) tested positive for ANA, and one
(16.7%) patient showed elevated levels of both ESR and CRP.

We managed to contact 44 patients (59.4%) via telephone, and
22 (50%) of these patients had achieved complete remission.
Of the other 22 patients, nine (20.4%) had well-controlled
symptoms, six (13.6%) partially controlled and seven (16%)
uncontrolled. When the patients were called by phone, 9-12
months had passed. All patients with partially controlled or
uncontrolled signs and symptoms reported to experience drug
compliance issues.

Table Il presents a comparison of laboratory results across
different disease control categories: remission-well-controlled
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Table Ill: Comparison of laboratory parameters in children with chronic urticaria by disease control status: remission, good

control, partial control, and no control

Remission and well controlled

Partially controlled and

VETELEE (n=31) uncontrolled (n=13) P

Eosinopenia* 10 (13.5) 3(23.1) 0.650
Eosinophilia* - 3(23.1)

Basopenia* 2 (6.4) -

Elevated ESR* 2 (6.4) -

Elevated CRP* 3(9.7) 1(7.7)

Positive for antithyroid peroxidase antibodies 2 (6.4) 1(7.7)

Positive for antinuclear antibodies 3(9.7) 2(15.4) 0.780
Skin prick test positivity* 13 (61.9) 5(71.4) 0.690
IgE levelt 104 (45.2-202) 68 (42-235) 0.700

*n(%), T: median (interquartile range)

Total of 74 patients
treated with
antihistamine

‘ Good response, n=46 ’ ( Partial response, n=28 }

Good response, n=22

Treated with
antihistamine and
montelukast

Partial response, n=6

S R

6 patients treated with
omalizumab

Figure 1: Treatment regimen flow chart for children with chronic urticaria}

and partially controlled-uncontrolled. Eosinopenia, ANA
positivity, anti-TPO positivity were proportionally higher in
patients achieving remission and exhibiting well-controlled
chronic urticaria, although there was no statistically significant
difference. Serum IgE levels were similarly higher in both patient
groups, albeit with no significant statistical difference.

DISCUSSION

In this study, we evaluated the clinical and etiologic features,
laboratory findings, and treatment response of 74 CU patients
who were followed up in our clinic. The female patients
constituted the majority of the sample. The most common
accompanying symptom was angioedema, while the most
common comorbidity was asthma. Family history included
chronic urticaria, asthma and rheumatologic diseases. CSU
was detected in about 80% of our patients, and the remaining
ones were diagnosed with CIU by provocation tests. Evidence-
based information from clinical trials or real-life studies on
epidemiology, comorbidities and treatment outcomes in the

Turk J Pediatr Dis 2025;19 (3):137-142

pediatric population is scarce, thus there are gaps in the
management of CU in children.

In literature, pediatric patients receiving a diagnosis of CU are
predominantly female, with a mean age range of 8-11 years
(14, 15). In our cohort, the majority of patients were female
(65.4%), and the mean age was in accordance with the findings
reported in the literature. Angioedema was observed in 21.6%
of our patients. Prior research has documented comparable
incidences of angioedema ranging from 30% to 50%, which
renders it as the most frequently occurring symptom associated
with CU (15) .

While the association between CU and atopy remains to be
fully elucidated, some studies suggest a potential link. Previous
research has demonstrated correlations between atopy,
comorbid allergic conditions, and CU, with children diagnosed
with CU exhibiting a higher prevalence of allergic diseases or
sensitization (16). In our case series, atopy was observed in
32.7% of patients with CU, a figure consistent with previous
findings (17). Furthermore, 14.9% of our cohort had a diagnosis
of asthma and/or allergic rhinitis, while 32.4% demonstrated
sensitization on skin prick testing. A family history of atopy
was noted in 8.1% of patients. Although food sensitization
was identified in some individuals, no specific association with
food-induced urticaria was reported; therefore, food challenge
testing was not conducted.

The potential role of autoimmunity in chronic urticaria should
also be investigated. In line with the EAACI/WAQO guideline
diagnostic algorithm, assessment for autoimmunity (chronic
autoimmune or autoantibody-associated CU) is recommended
in selected patients with chronic spontaneous urticaria who
exhibit an inadequate response to standard treatment (1). Within
our sample, three patients (4%) presented with concomitant
autoimmune conditions, including DM, FMF, and ITP; TPO
antibodies were detected in four patients (5.4%), and seven
(9.4%) tested positive for ANA. No patients developed any new
autoimmune diseases during the follow-up period.



CSU accounts for 50-75% of chronic urticaria cases, and CIU
represents about one-third of this subset. Dermographism is
the most common manifestation of CIU (18). Our case series
closely align with these literature findings, as 81.1% had CSU
and 18.9% CIU, predominantly dermographism.

Current guidelines recommend antihistamines as first-line
therapy for the management of chronic urticaria, while second-
line treatment should involve up-titration to a maximum of four
times the standard dose. Omalizumab is recommended for
patients aged over 12 not responding to such therapies (7).
Previous studies have reported that 7% to 10.7% of pediatric
patients diagnosed with chronic urticaria require omalizumab
(19, 20). In support of these data, 8.1% of our patients received
omalizumab.

Even though chronic urticaria is often self-limiting, about 20%
of patients experience symptoms for more than 5 years (21).
In our study, 29.5% of patients remained partially controlled
or uncontrolled after a mean follow-up period of 1.5 years,
underscoring the importance of continued monitoring and
improvement of treatment strategies.

In patients with chronic spontaneous urticaria, complete blood
count results typically fall within the normal range, however the
presence of eosinopenia (<50 mm3) is often associated with
a poorer response to anthistamines and omalizumab (11).
Likewise, although the majority of CSU patients exhibit normal
CRP and ESR levels, significant elevations in either marker could
be linked to worse outcomes, including reduced quality of life
and diminished antihistamine efficacy (22). For patients failing
to respond to omalizumab therapy, generally cyclosporine is
recommended, but none of our patients required cyclosporine
as their urticaria was effectively managed with omalizumab.

This study is subject to several limitations. First of all, its
retrospective design can inherently cause some recall bias.
Secondly, failure to contact some patients for follow-up may
have impacted the overall findings. Finally, the relatively small
sample size should limit the generalizability of our results.

CONCLUSION

The findings suggest that chronic urticaria is often self-
limiting without the need for omalizumab in pediatric patients.
Drug compliance should be evaluated in patients with poor
disease control. Although the number of patients treated with
omalizumab was relatively low, they responded well to this
therapy. More studies are needed to evaluate etiology and
treatment response in patients with chronic urticaria.

Ethics committee approval

This study was conducted in accordance with the Helsinki
Declaration Principles. Ethical approval was obtained from the
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ABSTRACT

Vaccination is among the most cost-effective interventions for protecting populations against infectious diseases. Individuals exhibiting
vaccine hesitancy may eventually accept some or all vaccines, may delay them, or may reject specific ones. In contrast, vaccine refusal
denotes the complete voluntary rejection of all vaccines in the current immunization program. Vaccine refusal represents a significant public
health con-cern, threatening both individual and community health. Opposition to vaccines has existed since their inception and continues
to grow, particularly with the influence of the internet and social media. Some of the reasons for vaccine refusal include concerns about the
vaccine components, distrust in vaccines, religious beliefs, reservations about the pharmaceutical industry, and fear of adverse effects. This

review aims to explore the etiology of vaccine refusal based on current literature.

Keywords: Child, Etiology, Vaccine Hesitancy, Vaccine Refusal

INTRODUCTION

Vaccines are biological products that confer protection
against targeted diseases and are derived from attenuated
microorganisms, their toxins, or surface antigens (1).
Immunization programs rank among the most cost-effective
public health strategies, significantly decreasing morbidity
and mortality, preventing and eradicating infectious diseases,
and promoting public health (2). According to the World
Health Organization (WHO), vaccine hesitancy is the delay in
acceptance or refusal of vaccines despite the availability of
vaccination services. It is a complex and context-specific issue
influenced by factors such as complacency, convenience,
and confidence. Individuals exhibiting vaccine hesitancy may
eventually accept some or all vaccines, may delay them, or
may reject specific ones. In contrast, vaccine refusal denotes
the complete voluntary rejection of all vaccines in the current
immunization program. Figure 1 shows vaccine hesitancy
process (3).

1- History of anti-vaccination movements

To understand the origins of vaccine refusal and hesitancy, it is
essential to consider the historical background.

Early anti-vaccination movements

Resistance to vaccination emerged in 18th-century England,
where religious leaders argued that disease was a divine
punishment and that preventing it was a defiance of God’s will.
Between 1840 and 1853, mandatory smallpox vaccination led
to the establishment of the anti-vaccination league in London,
which opposed compulsory immunization on grounds of
personal liberty (4). Sanctions, including imprisonment, against
those who refused vaccination generated public outrage (2). In
1867, the vaccination mandate was extended to children up to
14 years old, prompting the formation of the anti-compulsory
vaccination league (5). Anti-vaccine publications in the 1870s
and 1880s reduced vaccine uptake across Europe and the
United States of America (USA), resulting in outbreaks such
as the 1874 smallpox epidemic in Stockholm, which claimed
over 4.000 lives (4,6). In 1898, under growing pressure, the
British Parliament introduced the concept of the “conscientious
objector,” allowing parents to exempt their children from
vaccination (7).

Anti-vaccination movements in USA

The first American anti-vaccine conference was held in 1907, led
by J. Pitcairn, who later founded the Anti-vaccination league of
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America in Philadelphia. A parallel movement in Brazil, led by O.
Cruz, also resisted vaccination (8). Despite these oppositions,
the 1950s and 1960s are regarded as the golden era of vaccine
acceptance, marked by successful immunization campaigns
against polio, measles, and rubella (9).

Polio vaccine: the cutter incedent

In 1955, a polio vaccine produced by Cutter Laboratories
was found to contain live poliovirus, resulting in approximately
70.000 mild infections, 200 cases of paralysis, and 10 deaths.
This incident significantly eroded public trust in vaccine safety
(10).

The diphtheria, tetanus, and pertussis (DTP) vaccine
controversy

Concerns about the DTP vaccine arose in 1974 following a
report linking it to neurological complications in children (11).
In 1982, the documentary “DTP Vaccine Roulette” and the
book “Shots in the Dark” further fueled fears, alleging that the
vaccine caused seizures and permanent brain damage. These
claims led to a substantial decline in vaccination coverage and
a pertussis outbreak in the England (10).

Swine flu vaccine and Guillain-Barré Syndrome (GBS)

In 1976, the USA launched a nationwide vaccination campaign
against swine flu. Shortly thereafter, reports emerged of an
increased incidence of GBS. Although subsequent studies
found that the risk was minimal, public anxiety persisted
(12,13). Similar allegations surfaced in France in the 1990s,
where hepatitis B vaccination was erroneously linked to multiple
sclerosis. Later research disproved this association (12,14).

The measles, mumps, and rubella (MMR) vaccine
controversy

In 1998, Andrew Wakefield published a now-retracted study
in The Lancet that falsely claimed a link between the MMR

Vaccine Hesitancy Continuum

——

Low Demand

High Demand

Accept Some, Delay, Refuse Some

Refuse but unsure

Accept but unsure

vaccine and autism in children. The article received extensive
media coverage and significantly contributed to vaccine refusal
worldwide, despite being discredited (15).

Vaccine and infertility

In 2003-2004, Muslim leaders and politicians in Northern Nigeria
alleged that oral polio vaccines were part of a Western plot to
induce infertility and spread HIV. This resulted in widespread
vaccine refusal and a resurgence of polio cases (11,16).

Vaccine hesitancy/refusal in the modern era

Since the 2000s, the rise of the internet and social media has
facilitated the rapid spread of anti-vaccine rhetoric. Public
figures expressing anti-vaccine views have further legitimized
these beliefs. Online communities and blogs dedicated to
vaccine skepticism have emerged, influencing public opinion
and reinforcing vaccine hesitancy (17). Figure 2 shows the
timeline of vaccine refusal (10).

2- Etiology of vaccine hesitancy/refusal

The introduction of vaccination has consistently been
accompanied by opposition. The earliest documented
resistance emerged in 18"-century England, driven by religious
objections (4). Over time, the underlying causes of vaccine
hesitancy/refusal have diversified and are now categorized
into three main domains: contextual influences, individual and
group influences, and vaccine- or vaccination-specific issues

(Table ) (3).

* Smallpox Vaccine

1798 ¢ Edward Jenner Public opposition, violation of God’s will, "cow-
mania"
1853 * 1st Vaccine Mandate-UK
¢ Mandating vaccine for infants during their first 3 months
1870 ¢ Anti-VAXX Movement-EU

¢ Anti-vaccination movements started ta appear across Europe

¢ Anti-VAXX Movement-ES

e Anti-vaccination sentiments in the US towards the end of the
19th century

* Smallpox Epidemic-US

¢ Epidemic in Massachusetts-mandatory vaccination of all
adults

¢ Polio Vaccine

e The Cutter Incident-Several vaccine batches contained live
active polio virus

' * DTP Vaccine
1974  DTP Vaccine Roulette documentary
. 1998 * MMR Vaccine

¢ Andrew Wakefield falsely linked MMR vaccine to autism

* Thiomersal Misconception

¢ Removed from childhood vaccines by 2001 (except multi-dose
flu vaccine)

Figure 1: Vaccine hesitancy process
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Figure 2: Vaccine hesitancy/refusal timeline



Vaccine and mercury

Contrary to widespread misconceptions, the form of mercury
used in vaccines is thiomersal, an ethylmercury compound. The
toxic effects associated with mercury arise from methylmercury,
which is not present in vaccines. Scientific studies have
shown no evidence of neurotoxicity or chronic accumulation
of thiomersal. Due to the financial and logistical burdens of
producing thiomersal-free single-dose vials, the WHO supports
the continued use of multi-dose thiomersal-containing vaccines
(18).

Vaccine and autism

A primary argument of anti-vaccine groups is the alleged link
between vaccines and autism spectrum disorder (ASD), often
based on methodologically flawed studies. Although rising
ASD prevalence is frequently blamed on vaccines, it is more
accurately attributed to expanded diagnostic criteria, improved
detection methods, and increased awareness among families
and professionals. A large-scale meta-analysis encompassing
over 1.2 million children found no correlation between ASD and
either thiomersal exposure or MMR vaccination (19,20,21).

Vaccines, pharmaceutical industry and conflict of
interest

Public skepticism toward the pharmaceutical industry is
frequently cited in vaccine refusal (22). Reports indicate

Table I: Factors affecting vaccine hesitancy/refusal

Contextual Influences

e Communication and media environment

e Influential leaders, immunization program gatekeepers and

anti or pro-vaccination lobbies.

Historical influences

Religion/culture/ gender/socio-economic

Politics/policies

Geographic barriers

e Perception of the pharmaceutical industry

Individual and group influences

e Personal, family and/or community members’ experience

with vaccination, including pain

Beliefs, attitudes about health and prevention

Knowledge/awareness

Health system and providers-trust and personal experience.

Risk/benefit (perceived, heuristic)

Immunisation as a social norm etc. not needed/ harmful

Vaccine/vaccination spesific issues

e Risk/ benefit (epidemiological and scientific evidence)

e Introduction of a new vaccine or new formulation or a new
recommendation for an existing vaccine

e Mode of administration
Design of vaccination program/mode of delivery (e.g., routine
program or mass vaccination campaign)

e Reliability and/or source of supply of vaccine and/or
vaccination equipment
Vaccination schedule
Costs

e The strength of the recommendation and/or knowledge base
and/or attitude of healthcare professionals
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that drug promotion expenditures totaled $28 billion in the
USA, $20 billion across several European nations, and over
$26 billion in Japan as of 2012 (23). Despite the industry’s
contributions to medical advancement, mistrust arises due
to perceived commercial motives and inadequate physician
awareness regarding drug pricing (24). In Turkiye, all vaccines
are imported and undergo regulatory testing; however, public
concerns about pharmaceutical companies’ influence persist,
contributing to vaccine hesitancy/refusal (22).

The role of social media

In the digital era, social media platforms have become a primary
source of health-related information. Parents often seek
vaccine-related advice on platforms such as facebook and
instagram, where misinformation from non-expert individuals is
prevalent. The amplification of biased content, often promoted
by celebrities and influencers, undermines public trust in
vaccination (25,26). A 2023 report from the Turkish Statistical
Institute highlighted whatsApp, youtube, and instagram as the
most commonly used platforms (27). Unlike traditional media,
social media allows rapid dissemination of unverified content,
exacerbating information pollution (26). Enhancing digital
health literacy and actively monitoring social media are vital to
combating misinformation.

Vaccine hesistancy/refusal and religion

Religious concerns, particularly in Muslim communities, have
centered around the origin of gelatin used in vaccines. Gelatin,
employed to stabilize vaccine components, can be sourced
from cattle, poultry, or pigs. Due to religious sensitivities,
vaccines administered in Turkiye use only bovine-derived gelatin
(28). Furthermore, in 1995, the World Islamic Health Federation
stated that gelatin, even when derived from pigs, undergoes
transformation processes that render it religiously permissible
(29). Another religious objection to vaccination stems from
the belief that it interferes with divine will (30). However, no
religious texts explicitly forbid vaccination, and immunization is
mandated for participation in Hajj and Umrah pilgrimages.

Perceived unnecessity and ineffectiveness of vaccines

Some individuals argue that vaccines are unnecessary, citing
natural immunity, the low prevalence of diseases, or reliance
on traditional therapies such as herbal medicine or cupping.
Others believe that vaccine-induced immunity is passive and
short-lived, requiring repeated booster doses (31). Parents
who experienced illnesses such as measles or mumps without
complications may prefer natural infection for their children,
believing it confers lifelong benefits (32). Mistrust in public
health data and skepticism toward reported efficacy rates
also contribute to vaccine refusal (33). However, data from the
Centers for Disease Control and Prevention (CDC) demonstrate
substantial reductions in disease incidence post-vaccination,
with declines of 96% to 100% for several vaccine-preventable
diseases (Table ll) (34).
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Table Il: Morbidity before and after vaccination

Pre vaccine After

. Percent
. era estimated vaccine
Disease . decrease
annuel estimates (%)

morbidity u.s.a cases &
Polio (paralytic) 16.316 02 100
Diphtheria 21.053 22 >99
H. influenzae serotype
B (invasive, <5 years 20.000 182 >99
of age)
Hepatitis A 117.3383 37.700° 68
Measles 530.217 1.2752 >99
luSligesees) 2,886 3712 87
disease (all serotypes)
Pertussis 200.752 18,.6172 91
Pneumococcal disease
(invasive, <5 years of 16.069 1.700° 89
age)
Rotavirus
(hospitalizations, <3 62.500° 30.6257 51
years of age)
Rubella 47.745 6° >99
Smallpox 29.005 02 100
Varicella 4.085.210 8.2978 >99
Tetanus 580 26° 96
Vaccine hesistancy/refusal and complementary/

alternative medicine

The popularity of complementary and alternative medicine has
increased significantly, driven by media coverage and cultural
preferences. These approaches are perceived as natural, low-
risk, and free from corporate influence (35). Many individuals
believe such treatments contain fewer synthetic chemicals
and are safer than conventional pharmaceuticals. Parents may
choose alternative therapies due to concerns about vaccine
ingredients, side effects, or doubts regarding vaccine efficacy
(35,36).

Vaccine hesistancy/refusal and population reduction
policy

In certain low-income and minority communities, conspiracy
theories suggest that vaccines are used by Western countries
as tools of population control, particularly to reduce fertility (37).
A study in Pakistan found that vaccine refusal was attributed to
fears of infertility (3.3%), perceived ineffectiveness (21.6%), and
general distrust (40.2%) (38).

Vaccine hesitancy/refusal in in Tiirkiye

Although vaccination is mandatory in TUrkiye, immunization
rates were 75% before 2007 but rose to 95% thereafter due
to improved access. Since 2010, however, vaccine refusal has
gained attention. A pivotal event occurred in 2015, when a
court ruled in favor of a prosecutor who refused vaccination
for his twins, citing individual rights and consent. The media
portrayed this as a legal victory, fueling public debate and
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encouraging vaccine refusal (2,39). Consequently, the number
of families refusing vaccines increased from 183 in 2011 to
23.600 by 2018 (40).

CONCLUSION

In conclusion, addressing vaccine hesitancy and refusal requires
a multifaceted, evidence-based approach that integrates
transparent risk communication, trust-building with healthcare
professionals, and proactive countering of misinformation
particularly on digital platforms (41,42). Ensuring equitable
vaccine access, especially for underserved populations,
remains essential for promoting uptake (43). Educational
interventions tailored to cultural and social contexts, along with
the integration of vaccine literacy into broader health education,
have also shown promise in fostering informed decision-making
(43,44). A coordinated strategy involving health authorities,
educators, and local communities is vital to restoring public
confidence and maintaining high vaccination coverage (41,42).

Source of funding
The authors declare the study received no funding.
Conflict of interest

The authors declare that there is no conflict of interest.

REFERENCES

1. World Health Organization (WHO). How do vaccines work?
[Internet]. [cited 2023 Jul 12]. Available from: https://www.who.int/
news-room/feature-stories/detail/how-do-vaccines-work

2. Bekis Bozkurt H. An overview of vaccine rejection and review
of literature. Kafkas J Med Sci. 2018;8(1):71-6. https://doi.
org/10.56505/kjms.2018.12754

3. Report of the SAGE Working Group on Vaccine Hesitancy [Internet].
2014 Nov 12. [cited 2023 Jul 12].

4. Nelson MC, Rogers J. The right to die? Anti-vaccination activity
and the 1874 smallpox epidemic in Stockholm. Soc Hist Med.
1992;5(3):369-88. https://doi.org/10.1093/shm/5.3.369

5. Durbach N. Bodily matters: The anti-vaccination movement in
England, 1853-1907. Durham, NC: Duke University Press; 2005.
https://doi.org/10.1215/9780822386506

6. Prabhu M. Ye olde anti-vaxxers. Gavi, the Vaccine Alliance
[Internet]. [cited 2023 Jul 19]. Available from:

7. Swales JD. The Leicester anti-vaccination movement. Lancet.
1992;340(8826):1019-21. https://doi.org/10.1016/0140-
6736(92)93021-E

8. Wolfe RM, Sharp LK. Anti-vaccinationists past and present.
BMJ. 2002;325(7361):430-2. https://doi.org/10.1136/
bm;j.325.7361.430

9. Ofpinski M. Anti-vaccination movement and parental refusals of
immunization of children in USA. Pediatr Pol. 2012;87(4):381-5.
https://doi.org/10.1016/j.pepo.2012.05.003

10. Nuwarda RF, Ramzan |, Weekes L, Kayser V. Vaccine hesitancy:

Contemporary issues and historical background. Vaccines (Basel).
2022;10(2):247. https://doi.org/10.3390/vaccines10101595



11.

12.

13.

14

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

Kulenkampff M, Schwartzman JS, Wilson J. Neurological
complications of pertussis inoculation. Arch Dis  Child.
1974;49(2):46-9. https://doi.org/10.1136/adc.49.1.46

Badur S. Anti-vaccination: vaccine hesitancy and refusal. Ankem
Derg. 2011;25(2):82-6.

Centers for Disease Control and Prevention (CDC). Guillain-Barré
Syndrome and vaccines [Internet]. [cited 2023 Jul 19]. Available
from: https://www.cdc.gov/vaccinesafety/concerns/guillain-barre-
syndrome.html

. Confavreux C, Suissa S, Saddier P, Bourdes V, Vukusic S.

Vaccinations and the risk of relapse in multiple sclerosis. N
Engl J Med. 2001;344(5):319-26. https://doi.org/10.1056/
NEJM200102013440501

Wakefield AJ, Murch SH, Anthony A, Linnell J, Casson DM, Malik
M, et al. Retracted: lleal-lymphoid-nodular hyperplasia, non-
specific colitis, and pervasive developmental disorder in children.
Lancet. 1998;351(9103):637-41. https://doi.org/10.1016/S0140-
6736(97)11096-0

Jegede AS. What led to the Nigerian boycott of the polio vaccination
campaign? PLoS Med. 2007;4(3):e73. https://doi.org/10.1371/
journal.pmed.0040073

Smith TC. Vaccine rejection and hesitancy: A review and call to
action. Open Forum Infect Dis. 2017;4(3):0fx146. https://doi.
org/10.1093/ofid/ofx146

Kara A, Cift¢i E, Tezer H, Somer A, editors. Asi ve Bagisiklama.
Asllar ve Civa iddialar. 1st ed. Ankara: Selen Medya Yayincilk.
2021; 877-878.

Kara A, Cift¢i E, Tezer H, Somer A, editors. Asi ve Bagisiklama.
Agllar ve Otizm Iddialari. 1st ed. Ankara: Selen Medya Yaynacilik;
2021:897-904.

Taylor LE, Swerdfeger AL, Eslick GD. Vaccines are not associated
with autism: An evidence-based meta-analysis of case-control
and cohort studies. Vaccine. 2014 ;32(29):3623-9. https://doi.
org/10.1016/j.vaccine.2014.04.085

T.C. Saglk Bakanligi. Asllar ile otizm arasinda iliski var midir?
[Internet]. [cited 2023 Jul 25]. Available from: https://asi.saglik.gov.
tr

Bults M, Beaujean DJMA, Richardus JH, van Steenbergen JE,
Voeten HACM. Pandemic influenza A (H1N1) vaccination in The
Netherlands: Parental reasoning underlying child vaccination
choices. Vaccine. 2011;29(37):6226-35. https://doi.org/10.1016/j.
vaccine.2011.06.075

Yagci-Kupeli B, Kiper N. Interactions between physicians and
drugindustry. Cukurova Med J. 2016;41:777-81. https://doi.
org/10.17826/cutf.254526

Agalar C, Agalar F, Sayek I. The interactions between doctorsand
pharmaceutical companies. Cocuk Sagligl ve Hastaliklari Dergisi.
2005;48:273-883.

Tasct O, Gokler ME. Asi karsitlarinin sosyal medya paylasimlarinin
incelenmesi: Instagram 6rnegdi. Med Res Rep. 2021;4(2):23-30.
Etesaminia S, Bagci Derinpinar K. The role of social media in
vaccine hesitation. Usaysad Derg. 2021;7(2):377-90.

Turkiye Istatistik Kurumu (TUIK). Hanehalki Bilisim Teknolojileri
Kullanm Arastirmasi 2022 [Internet]. [cited 2023 Jul 27]. Available
from: https://data.tuik.gov.tr

28.

20.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

49,

42.

43.

44,

Etiology of vaccine hesitancy and refusal 147

T.C. Saglk Bakanligi. Asi icerikleri [Internet]. [cited 2023 Jul 13].
Available from: https://covid19asi.saglik.gov.tr

Blytkkalay BN. Vaccine Rejection and Motivation Sources of
Vaccine Rejected People. Int Soc Mentality Res Thinkers J.
2022;8(65):2116-26. https://doi.org/10.29228/smryj.65987

Fourn L, Haddad S, Fournier P, Gansey R. Determinants of parents’
reticence toward vaccination in urban areas in Benin (West Africa).
BMC Int Health Hum Rights. 2009;9(Suppl 1):S1-5. https://doi.
org/10.1186/1472-698X-9-S1-S14

The Liberty Beacon. The vaccine illusion: How vaccination
compromises our natural immunity and what we can do to regain
our health [Internet]. [cited 2023 Aug 10]. Available from: https://
www.thelibertybeacon.com

McKee CP, Bohannon KB. Exploring the reasons behind parental
refusal of vaccines. J Pediatr Pharmacol Ther. 2016;21(2):104-9.
https://doi.org/10.5863/1551-6776-21.2.104

Dirlik R. Asiy ve tapinak tibbini savunan katil. [Internet]. [cited 2023
Aug 10]. Available from: https://ruhadirlik.blogspot.com/2016/01/
asiyi-ve-tapinak-tibbini-savunan.html

Immunization Action Coalition. Vaccine work [Internet]. Available
from: https://www.immunize.org/catg.d/p4037.pdf

Hizel Bllbul S, Turgut M, Kéyltoglu S. Cocuklarda tip digl alternatif
uygulamalar konusunda ailelerin  gorusleri. Cocuk Saglig ve
Hastaliklar Dergisi. 2009;52:195-202.

Crtak G, Aksoy Duran O. An Important Obstacle in Vaccination:
Vaccination Rejection. Erciyes Univ Health Sci Fac J. 2020;7(2):15-
20.

Cobos Mufioz D, Monzén Llamas L, Bosch-Capblanch X. Exposing
concerns about vaccination in low- and middle-income countries:
A systematic review. Int J Public Health. 2015;60(7):767-80.
https://doi.org/10.1007/s00038-015-0715-6

Khowaja AR, Khan SA, Nizam N, Bin Omer S, Zaidi A. Parental
perceptions surrounding polio and self-reported non-participation
in polio supplementary immunization activities in Karachi, Pakistan:
A mixed methods study. Bull World Health Organ. 2012;90:822-
30. https://doi.org/10.2471/BLT.12.106260

Cumhuriyet. Yargitay’dan asl kararina ikinci ret [Internet]. [cited
2023 Jul 19]. Available from: https://www.cumhuriyet.com.tr/
haber/yargitaydan-asi-kararina-ikinci-ret-531726

Gur E. Vaccine hesitancy -
Pediatri  Ars.  2019;54(1):1-2.
TurkPediatriArs.2019.79990

Betsch C, Bohm R, Chapma GB. Using behavioral insights to
increase vaccination policy effectiveness. Policy Insights from
the Behavioral and Brain Sciences, 2018;5(1):61-9. https://doi.
org/10.1177/2372732217752066

Larson HJ, Gakidou E, Murray CJL. The vaccine-hesitant moment.
New England Journal of Medicine, 202;387(1):58-65. https://doi.
org/10.1056/NEJMra2106441

World Health Organization. Behavioural and social drivers of
vaccination: Tools and practical guidance for achieving high
uptake. 2023

Kempe A, Savile AW, Albertin C, Zimet G, Breck A, Helmkamp L,
Dickinson LM. Parental hesitancy about routine childhood and influenza
vaccinations: A national survey. Pediatrics 2020;146(1):e20193852.
https://doi.org/10.1542/peds.2019-3852

refusal.  Turk
10.14744/

vaccine
https://doi.org/

Turk J Pediatr Dis. 2025;19 (3):143-147



	 MAYIS KAPAK
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