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GLOSSARY OF TERMS

12510dine-Labelled

A substance labelled with lodine-125 (1%°125) a radioisotope of iodine

25th Percentile

The 25th percentile is the value at which 25% of data points are below that
value, and 75% of data points are above that value. It is also known as the
first, or lower, quartile

75th Percentile

The 75th percentile is the value at which 25% of data points are above it and
75% are below it. It's also known as the third, or upper, quartile.

Absolute Difference

The absolute difference refers to the magnitude of the difference between
two values

Adverse Effects

Adverse effects are undesirable or harmful outcomes resulting from a
medical treatment, procedure, or intervention.

Antigen

An antigen is a substance that induces an immune response in the body,
specifically by triggering the production of antibodies

Automated Platform

A system or device that performs tasks or processes automatically, often
without the need for direct human intervention

Bias

Bias refers to systematic errors or inaccuracies in measurement or analysis
that consistently skew results in a particular direction

Biotin
Antibody

Capture

An antibody that is conjugated or linked to biotin, a small molecule. Biotin
capture antibodies are often used in immunoassays to capture and detect
specific target molecules

Bland-Altman
Difference Plots

Graphical tools used to assess the agreement between two quantitative
measurement methods or instruments

Clinical Assessment

The systematic evaluation of a patient's medical history, symptoms, physical
examination findings, and diagnostic test results to reach a diagnosis,
monitor disease progression, or evaluate treatment efficacy

Clinical Decision Limits

Predefined thresholds used to interpret laboratory test results and make
clinical decisions

Clinical and Laboratory
Standards Institute

The Clinical and Laboratory Standards Institute is a non-profit organization
that develops and publishes standards, guidelines, and best practices for
clinical laboratory testing, quality assurance, and laboratory management

CLSI EPOS-A3

A guideline published by the Clinical and Laboratory Standards Institute
covering the design of measurement procedure comparison experiments
using patient samples and subsequent data analysis

CLSI EP28-A3c

A guideline published by the Clinical and Laboratory Standards Institute for
determining reference values and reference intervals for quantitative clinical
laboratory tests

Congenital Congenital hypothyroidism is defined as thyroid hormone deficiency present
Hypothyroidism at birth.
Congenital A public health initiative aimed at early detection of congenital

Hypothyroidism
Screening Program

hypothyroidism in new-borns through systematic screening methods

Competitive An immunoassay technique where a labelled antigen competes with an

Immunoassay unlabelled analyte (present in the sample) for binding sites on an
immobilized antibody.

Concordance Agreement or consistency between two or more observations,

measurements, or diagnostic tests

Confidence Intervals

A range of values calculated from sample data that is likely to contain the
true population parameter with a specified level of confidence

Confirmatory Test

A diagnostic test performed to validate or confirm the results of an initial
screening or diagnostic test

Cord Blood

Blood collected from the umbilical cord and placenta immediately after
childbirth

10 of 45



MMED (CHEM PATH) Mariam Mahomed

Correlation

A statistical measure of the degree to which two variables are related or vary
together

Data Analysis

The process of inspecting, cleaning, transforming, and interpreting data to
extract meaningful insights, identify patterns, and make informed decisions

Declaration Of Helsinki

A set of ethical principles and guidelines for medical research involving
human subjects

Deming Regression

A statistical method used to estimate the relationship between two variables
while accounting for measurement errors in both the independent and
dependent variables

Developed Nations

Countries with relatively high levels of economic development,
industrialization, and technological advancement, typically characterized by
high standards of living, advanced infrastructure, and access to healthcare
and education

Diagnostic Laboratory

A facility equipped with specialized equipment, instruments, and personnel
for conducting medical tests and analyses to aid in the diagnosis, monitoring,
and treatment of diseases and health conditions

District Hospital

A healthcare facility that serves as a primary point of care for residents within
a specific geographic area or district

Electrochemiluminesce
nce Immunoassay

An immunoassay technique that uses electrical stimulation to induce
luminescence in a reaction involving labelled molecules and electrochemical
detection methods

The specific region or site on an antigen molecule that is recognized and
bound by an antibody or immune cell receptor

Epitope

European Federation
Of Clinical Chemistry
And Laboratory
Medicine

A professional organization representing clinical chemists, laboratory
medicine specialists, and related professionals in Europe, promoting
scientific excellence, education, and quality assurance in laboratory medicine
across Europe

Exclusion Criteria

Predefined characteristics or conditions that disqualify individuals from
participating in a research study or clinical trial

Fit For Purpose

A quality assurance concept indicating that a product, process, or service is
suitable and effective for its intended use or application

Gamma Counter

A specialized instrument used to measure the radioactive decay of isotopes
emitting gamma radiation

Heel-Prick Blood

Blood obtained by pricking the heel is often used for new-born screening
tests due to its accessibility and ease of collection.

Hormone Replacement
Therapy

Medical treatment involving the administration of hormones to supplement
or replace those normally produced by the body, often used to alleviate
symptoms of hormonal deficiency or imbalance.

Human Research Ethics
Committee

A committee responsible for reviewing and approving research involving
human participants to ensure that ethical standards and regulations are
upheld, including the protection of participants' rights and welfare.

Imaging Studies

Medical procedures that produce visual images of the body's internal
structures or functions, such as X-rays, ultrasounds, CT scans, MRI scans,
thyroid scintigraphy and PET scans.

Imprecision

Lack of precision in measurement, resulting in variability or inconsistency in
test results.

Incubated

Placement in a controlled environment for a specific duration, typically to
stimulate growth, development, or biochemical reactions

Intellectual Disability

A developmental disorder characterized by limitations in intellectual
functioning and adaptive behaviour

International
Federation Of Clinical
Chemistry

A global professional organization dedicated to advancing the science and
practice of clinical chemistry and laboratory medicine worldwide

lodine Deficiency

A condition resulting from insufficient intake of iodine, which can lead to
impaired thyroid function
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Lin's Concordance
Correlation Coefficient

A statistical measure used to assess the agreement between two continuous
variables, accounting for both accuracy and precision

Linear Regression

A statistical method used to model the relationship between two or more
variables by fitting a linear equation to the observed data points

Log-transformed

Data that has been transformed using the logarithm function, is often done
to stabilize variance, reduce skewness, or meet the assumptions of certain
statistical tests

The minimum or lowest acceptable value or threshold for a particular
parameter or measurement

The middle value in a set of ordered data points, dividing the distribution into
two halves

Lower Limits

Median

Method  Comparison
Study

A type of study designed to evaluate the agreement or correlation between
two or more measurement methods or instruments for the same analyte or
variable

Midwife Obstetric Units

Healthcare facilities staffed by midwives that provide prenatal care,
childbirth assistance, and postnatal care for women with uncomplicated
pregnancies

Monoclonal Antibodies

Antibodies produced by identical immune cells that are clones of a single
parent cell used in various diagnostic and therapeutic applications due to
their specificity and consistency

Newborn Screening

A public health program that involves testing new-born babies for certain
genetic, metabolic, or congenital disorders shortly after birth to enable early
detection and intervention

Non-Competitive
(“Sandwich”)
Immunoassay

An immunoassay format where the analyte of interest is captured between
two antibodies without competition, typically resulting in high sensitivity and
specificity

Non-Parametric

Statistical methods that do not rely on specific assumptions about the
distribution of the data or the parameters of the population

Normality

In statistics, normality refers to the distribution of data following a normal
or Gaussian distribution

Normally Distributed

Data that follows a normal distribution, characterized by a symmetrical bell-
shaped curve when plotted

Operational Costs

The expenses incurred in the day-to-day operations of an organization or
business, including salaries, utilities, supplies, and maintenance

Outliers

Data points that deviate significantly from the rest of the dataset, are often
considered to be abnormal or erroneous observations

Parametric

Statistical methods that make assumptions about the distribution of the data
or the parameters of the population, such as normality and homogeneity of
variance

Passing-Bablok
Regression

A non-parametric method used to compare two measurement methods or
instruments, particularly when the assumption of linearity is not met

Pearson Correlation Co-
efficient

A statistical measure of the linear relationship between two continuous
variables, ranging from -1 (perfect negative correlation) to +1 (perfect
positive correlation)

Polyclonal Antibodies

Antibodies produced by multiple immune cells in response to a specific
antigen, characterized by a heterogeneous mixture of antibodies with
varying specificities and affinities

Preventive Medicine

Medical practices and interventions aimed at preventing the occurrence or
progression of diseases, injuries, and other health-related conditions

Prospective Study

A research study that follows participants forward in time, starting from the
present or a defined point in the past, to observe outcomes and events as
they occur

Quality Control

Procedures and measures implemented to ensure the reliability, accuracy,
and consistency of laboratory test results, including the monitoring of
analytical performance and the use of control materials
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R Studio

An integrated development environment for the R programming language,
commonly used for statistical computing, data analysis, and visualization

R-Squared Value

A statistical measure that represents the proportion of variance in the
dependent variable that is explained by the independent variable(s) in a
regression model

Radioactive Materials

Substances that emit ionizing radiation as a result of radioactive decay,
commonly used in medical imaging, research, and therapy

Radioimmunoassay

An immunoassay technique that uses radioactive isotopes as labels to
quantify the presence or concentration of antigens or antibodies in biological
samples

Random Selection

The process of selecting individuals or samples from a population in such a
way that each member of the population has an equal chance of being
chosen

Recall

The action of contacting patients to return for further evaluation or
treatment.

Reference Individual

A hypothetical person representing the standard or average characteristics
of a population, often used in pharmacokinetic modelling and dose
optimization studies

Reference Intervals

Also known as reference ranges, these are ranges of values obtained from
healthy individuals that represent the normal variation of a particular
laboratory test within a population

Relative Difference

The percentage or proportional difference between two values often
expressed as a percentage of the average or reference value

Residual Sample

A portion of a sample that remains after initial testing or analysis and is
retained for further investigation or backup purposes

Right-Skewed

A distribution of data where the majority of observations cluster toward the
left side of the distribution, with a long tail extending to the right, indicating
that the mean is greater than the median

Robust Method

A statistical or analytical method that is resistant to outliers, violations of
assumptions, or deviations from normality, producing reliable results even
under adverse conditions

Root Mean
Error

Squared

A measure of the average deviation between observed values and predicted
values in a regression model, calculated by taking the square root of the
average of the squared differences

Sample Number

The total number of individual units or observations included in a sample

Sample Size

The number of individual units or observations included in a sample is often
determined based on statistical considerations to ensure the reliability and
validity of study results

Screening

The process of identifying individuals at risk of a particular disease, condition,
or trait through testing, examination, or other methods, often followed by
confirmatory diagnostic tests or interventions

Serum Separator Tubes

Blood collection tubes containing a gel separator that separates serum from
clotting blood cells during centrifugation, facilitating the collection of serum
for laboratory analysis

Shapiro-Wilk Test

A statistical test used to assess the normality of a distribution by testing the
null hypothesis that the data are drawn from a normally distributed
population

Signal-Antibody

An antibody labelled with a detectable marker, such as a fluorescent dye or
enzyme, used to detect the presence or concentration of a specific antigen
in an immunoassay

South African National
Accreditation System

The national accreditation body responsible for accrediting laboratories and
certification bodies in South Africa, ensuring compliance with international
standards and regulations

Standardised

When test results are uniform across routine measurement procedures and
traceable to a recognized standard reference material defined by the
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International System of Units (SI) through a high-order primary reference
material and/or a reference measurement procedure.

Systematic Bias Consistent errors or inaccuracies in measurement or analysis that
systematically skew results in a particular direction, often caused by flaws in
instrumentation, methodology, or calibration

Term Infant A new-born baby born at or after 37 weeks of gestation, considered to be at
full-term
Thyroid Dysgenesis A congenital condition characterized by abnormal development or

malformation of the thyroid gland, leading to thyroid dysfunction and
potential health problems

Total Allowable Error The maximum acceptable deviation or discrepancy between a measured
value and its true value that is considered acceptable for a particular
laboratory test or measurement

Trendlines Lines or curves fitted to a set of data points to visually represent trends or
patterns in the data, often used in data visualization and analysis to identify
relationships or make predictions

TSH Isotope Method A method for measuring thyroid-stimulating hormone (TSH) levels in blood
using isotopic labelling techniques, commonly used in thyroid function tests

Tukey’s Fences Statistical boundaries used to identify outliers in a dataset, calculated based
on the interquartile range (IQR) and the first and third quartiles of the data
distribution

Uncomplicated Pregnancies that progress without significant medical or obstetric

Pregnancies complications, typically resulting in favourable outcomes for both the mother
and baby

Upper Limits The maximum or highest acceptable value or threshold for a particular

parameter or measurement
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ABSTRACT

Background: Congenital hypothyroidism (CH) is a significant health concern globally, with severe
consequences if left untreated. Newborn screening (NBS) programs play a pivotal role in early
detection and intervention of CH. However, due to resource constraints, South Africa lacks a national
NBS program. This study aimed to establish reference intervals for thyroid stimulating hormone (TSH)
and free thyroxine (FT4) in cord blood, as well as to compare the previous TSH radioimmunoassay with

the current electrochemiluminescence immunoassay.

Methods: Utilizing residual samples from the Peninsula Maternal and Neonatal Services (PMNS) CH
Screening Program, this prospective study collected samples from uncomplicated pregnancies,
resulting in 121 samples for reference interval analysis. Additionally, 14 samples within pathological
ranges were selected, bringing the total for the method comparison study to 135. TSH and FT4 levels
were determined by automated immunoassay on the Roche Cobas® 6000 analyser (Elecsys TSH and
Elecsys FT4 Il assays). The data analysis was performed following relevant CLSI guidelines (CLSI EP28-
A3c and CLSI EP09-A3).

Results: In the reference interval study, the mean birth weight was 3,211g (+/-387g). Non-parametric
methodology yielded a TSH reference interval of 1.85 to 15.35 mIU/L and a free T4 reference interval
of 13.0 to 20.4 pmol/L. The TSH method comparison study demonstrated strong agreement between
the radioimmunoassay and electrochemiluminescence immunoassay (R-squared=0.98; Lin's
CCC=0.97). Bland-Altman analysis revealed most points within the European Federation of Clinical
Chemistry and Laboratory Medicine (EFLM) total allowable error goals for TSH, with RIA results

showing a small positive bias.

Conclusion: This study establishes reference intervals for cord blood TSH and FT4 in a South African
context. Cord blood presents advantages for CH screening in resource-constrained settings,
integrating with existing labour and delivery protocols while minimizing logistical challenges. The
established intervals align with existing literature and methodologies, supporting their validity and
applicability. Continued monitoring of the CH program and clinical outcomes is crucial for validating

the study results in a clinical context, ensuring ongoing relevance and accuracy.

(321 words, limit = 350)
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INTRODUCTION

Congenital Hypothyroidism (CH) affects in 1 in 4,000 newborns globally and is the leading preventable
cause of intellectual disability (1). CH is typically sporadic and can be either transient or permanent.
The transient form is often linked to maternal factors such as iodine deficiency, thyroid
autoantibodies, or the use of anti-thyroid medications (2). Permanent CH can result from various
causes, many of which are related to either the development or function of the thyroid gland, while

thyroid dysgenesis is most common (85-95%) (3).

Infants with CH often do not show immediate signs or symptoms, possibly due to maternal thyroid
hormone or residual neonatal thyroid function (4). Early diagnosis and treatment are crucial to
prevent irreversible intellectual and growth impairments. Advances in radioimmunoassay (RIA)
techniques for thyroid stimulating hormone (TSH) and thyroxine (T4) in the 1970s enabled many
countries to include CH in their newborn screening (NBS) programs (5). These programs have
significantly improved outcomes by facilitating early diagnosis and timely hormone replacement
therapy (6) (7). Successful CH prevention has been achieved in many parts of North America, Europe,
Asia, Latin America, and a few African countries (4). Newborn screening for CH is considered one of

preventive medicine's major achievements.

In developed nations, the initial TSH test is typically performed 24 to 48 hours after birth using heel
prick blood placed on filter paper and sent to the laboratory for analysis (2). If the initial screening
indicates a potential problem, confirmatory tests are done. These usually involve both TSH and free

T4 testing and may also include imaging studies. Elevated TSH and low T4 levels are indicative of CH.

In contrast, South Africa, along with other resource-limited countries, lacks a national NBS program.
Screening for CH is limited to small programs within the private and public sectors (8). One such public
entity, the Peninsula Maternal and Neonatal Services (PMNS) Congenital Hypothyroidism Screening
Program, was initiated in Cape Town in 1982 (8). Due to early post-delivery discharge and the risk of
follow-up loss, the PMINS program has adopted a pragmatic approach to congenital hypothyroidism

screening. Cord blood TSH testing using RIA technology has proven more practical in this context (9).

Recently, the production of specific RIA kits has been phased out globally due to technological
advancements, automation, market trends, operational costs, and safety concerns regarding
radioactive materials (10). When notified that both the TSH and T4 kits would be discontinued, we
initiated reference interval studies for cord blood TSH and free T4 using the automated Cobas® 6000

platform (Roche Diagnostics, Basel, Switzerland), together with a method comparison study of the
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Roche Elecsys TSH assay with the original IRMA TSH assay, in line with Clinical Laboratory Standards
Institute (CLSI) recommendations. Due to lack of assay standardisation (11) (12), differences in sample
matrix and analytical technology, the need for population-specific data, and the unavailability of
original package inserts, we conducted a complete reference interval study following CLSI guidelines
to ensure accurate, clinically relevant intervals. The purpose of these studies was to establish

population-based reference intervals and clinical decision limits for CH recall and follow-up testing.

METHODS

This prospective study used residual cord blood samples collected from newborns for the PMNS CH
Screening Program. A total of 1,007 samples were collected over two weeks (Figure 1). For the
reference interval studies, 121 samples were randomly selected after applying specific exclusionary
criteria. These criteria aimed to identify samples from infants born to mothers with uncomplicated
pregnancies at midwife obstetric units (MOUs) and district hospitals. By selecting samples exclusively
from MOUs and district-level hospitals, mothers with comorbidities - such as elevated BMI, diabetes,
or thyroid disease, which could influence a newborn’s cord thyroid hormone profile - were excluded
(13). Additionally, samples were excluded if they had abnormal TSH values (measured via the IRMA
method), low or high birth weights, insufficient volume, improper labelling, or missing essential
information. For the reference interval study, the CLSI EP28-A3c document was adhered to, whereas
the CLSI EP09-A3 was utilised for the method comparison (14) (15). Due to the new assay
methodology and lack of existing data, the direct method was chosen to establish accurate,

population-specific reference intervals that align with our study's clinical objectives (14).

For the TSH method comparison component of the study, an additional 14 samples with TSH values
outside the existing reference interval were identified to include the clinically relevant measuring

range of the assay.
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This study was approved by the Faculty of Health Sciences Human Research Ethics Committee (HREC

study number 238/2023) at the University of Cape Town, following the Declaration of Helsinki.

n = 1007 residual cord blood samples from

new-borns collected over 2 weeks

T 676 samples from secondary or tertiary institutions excluded

14 samples excluded due to low birth weight <2500g

1 sample excluded due to birth weight >4500g

n = 14 samples selected within 1 sample excluded due to abnormal screening TSH result

the pathological range

10 samples excluded due to no label or missing information

1 sample excluded due to insufficient volume

v

n =304 samples

n =121 samples

randomly selected to
Method ¥ Reference

inimise bi d

Comparison < minimise bias an B Interval
comply with EP28

Study P Studies
recommendations

n=135 n=121

Figure 1. Flow of participants: Selection of residual newborn cord blood samples for reference

interval and method comparison studies

Sample Handling

Residual cord blood samples were collected from the Red Cross Hospital Nuclear Medicine
Department after TSH screening. The samples were then transferred to the NHLS at Groote Schuur
Hospital on the same day, where they were screened according to exclusion criteria and analyzed on

the Roche Cobas system.

Test Methods

For the reference interval studies, the samples were analysed on the Cobas® 6000 using
electrochemiluminescence immunoassay (ECLIA) methodology for TSH (Elecsys TSH) and free T4

(Elecsys FT4 Ill). The TSH assay uses a non-competitive (‘sandwich’) immunoassay principle with
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monoclonal antibodies, while the free T4 assay is competitive and uses polyclonal antibodies (16) (17).
All samples were collected into BD Vacutainer® Blood Collection Tubes (Becton Dickinson, Franklin
Lakes, New lJersey, USA), specifically serum separator tubes. In accordance with the routine
procedures in a South African National Accreditation System (SANAS) accredited diagnostic
laboratory, the assays underwent extensive quality control procedures throughout this study. In our
laboratory, the Elecsys TSH and FT4 Il immunoassay were performed with imprecision of 4.2% and

3.5%, respectively.

For the TSH method comparison, the samples were analyzed using an immunoradiometric assay
(IRMA) conducted by the Department of Nuclear Medicin. Thisnon-competitive immunoassay method
makes use of a **lodine-labelled signal antibody that binds to an epitope of the TSH molecule and a
biotin capture antibody that binds to a separate epitope (18). The sample is then incubated, during
which time the immuno-complex is immobilised to the reactive surface of streptavidin-coated test
tubes. The radioactivity is then measured using a gamma counter. The concentration of antigen is

directly proportional to the radioactivity measured in the samples (18).

Statistical analysis

The study data was collected in Excel (Microsoft Corporation, Redmond, Washington, USA). Statistical
analysis was performed using R Studio (version 4.3.0) (RStudio, Boston, Massachusetts, USA) and
Python (Python Software Foundation, Wilmington, Delaware, USA). The data was visually assessed by

histogram and tested for normality using the Shapiro-Wilk test.

For the reference interval studies, a sample number of 120 reference individuals was determined to
be a good compromise between cost and confidence, as per the International Federation of Clinical
Chemistry (IFCC) recommendations (16). Residual cord blood samples (n=121) were randomly
selected after applying exclusionary criteria, as depicted in Figure 1. Conforming to CLSI EP28-A3c
recommendations, outliers were identified and removed followed by using parametric, non-
parametric, and robust methods to determine the reference intervals. Additionally, if the data was
not normally distributed, it was first log-transformed before parametric reference interval
determination. Outliers were detected and considered for exclusion in three steps: visual inspection
of the histogram, calculation by Tukey’s Fences, and, finally, when one or several outliers were
excluded, we checked the remaining data for additional outliers. The reference intervals for TSH and
free T4 were defined as the central 95% of laboratory test results expected in a healthy reference
population (10). Confidence intervals (90%) were calculated for the lower and upper limits of the

reference interval.
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For the TSH method comparison study (Roche Elecsys TSH versus TSH), 14 additional samples were
selected for their TSH concentrations to cover the measuring range of the assay (n=135). A sample
number of 40 is usually deemed sufficient for method comparison studies, however, we decided to
use all 135 samples with results available. Analyses included linear regression, with Lin's concordance

correlation coefficient (CCC), and Bland-Altman difference plots.

Acceptability criteria specific to cord blood TSH and T4 are not established; therefore, we used the
allowable limits for serum TSH and FT4 as the basis for the method comparison study. In the absence
of specific quality specifications for cord blood samples, we used minimum specification values from
The EFLM Biological Variation Database, specifically, total allowable error of 36.9% and allowable bias

of 13.3% for TSH (20).

RESULTS

The birth weights of the sample population (n=121) ranged from 2500g to 4120g, demonstrating a

parametric distribution. The average birth weight was 3211g, with a standard deviation (SD) of 387g.

Reference Interval Studies for TSH and FT4

The Roche Elecsys TSH values showed a non-parametric, right-skewed distribution (Shapiro-Wilk test,
p<0.001) (Figure 2A). Although the log transformation of the data improved the shape of the curve, it
was still not normally distributed (p=0.007). There were no outliers detected and, therefore, no points

were excluded. The median (25th, 75th percentiles) was 6.13 mIU/L (4.78, 9.72).

The Roche Elecsys FT4 Il values initially indicated a non-parametric distribution (p<0.001). However,
this divergence from normality was heavily influenced by one outlier registering a free T4 value of 29.0
pmol/L (Supplementary Figure 1). Four additional outliers were determined by Tukey’s fences.
Removal of five outliers resulted in a normal distribution (Figure 2B; p=0.355). The median (p25, p75)

was 16.46 pmol/L (15.24, 17.46).

21 of 45



MMED (CHEM PATH) Mariam Mahomed

Roche Elecsys Thyroid Stimulating Hormone 2B Roche Free Thyroxine - Outliers Excluded
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Figure 2. Histograms of Roche Elecsys TSH (2A) and Roche Elecsys FT4 Il (2B) after outlier exclusion

For TSH, the non-parametric reference interval method yielded a lower limit of 1.85 mIU/L with a
90% confidence interval (90%Cl) of 1.57 to 2.94 mIU/L and an upper limit of 15.35 mIU/L (90%ClI
14.84 to 15.52). The non-parametric reference interval for free T4 was calculated as 13.0 pmol/L
(90%Cl 12.1 to 13.9) to 20.4 pmol/L (90%Cl 19.41 to 21.05). The four methods for reference interval
determination for FT4 provided similar results. The minor differences in lower and upper limits
across the methods suggest that they provide generally similar results, especially given the
overlapping confidence intervals. This indicates consistency in establishing reference intervals for
FT4 among the methods. Table 1 shows the TSH and free T4 reference intervals calculated using the
various methods, for comparison.

Table 1: Reference interval limits for Roche Elecsys TSH (mIU/L) and FT4 Il (omol/L)

Method Lower limit 90% CI Upper limit 90% CI

Thyroid Stimulating Hormone in mIU/L

Parametric 0.28 (-0.26, 0.81) 14.37 (13.83, 14.91)
Transformed-Parametric 2.39 (2.22, 2.58) 17.58 (16.29, 18.97)
Non-Parametric 1.85 (1.56, 2.97) 15.35 (14.84, 15.52)
Robust -1.05 (-2.14,1.27)  13.31 (10.65, 14.61)
Free Thyroxine in pmol/L

Parametric 13.0 (12.7,13.2) 19.9 (19.7, 20.2)
Transformed-Parametric 13.2 (13.0, 13.5) 20.2 (19.9, 20.5)
Non-Parametric 13.0 (12.1,13.7) 20.4 (19.4, 21.0)
Robust 13.2 (12.6, 13.8) 19.7 (19.0, 20.3)

Method Comparison Study of TSH

In the method comparison study, 135 samples were analyzed. Median (p25, p75) TSH concentrations
were 6.89 mlU/L (5.07, 11.21) for Roche and 7.00 mIU/L (5.00, 12.00) for IRMA, noting that the IRMA
assay was only reported to whole numbers. The range of results spanned 1.46 — 53.65 mlU/L for the

Roche assay and 2.00 — 70.00 mIU/L for the IRMA assay.
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When we compared the TSH values measured on the IRMA method versus the Roche Elecsys method,
using linear regression (Figure 3), we found a strong level of agreement with an R-squared value of
0.98. This indicated that approximately 98% of the variance in the TSH Roche method could be
explained by the TSH Isotope method. Regression equations for simple linear regression, Deming
regression, and Passing-Bablok regression are shown in Table 2. The Pearson correlation coefficient

was 0.99 (p < 0.001).

Linear Regression Thyroid-Stimulating Hormone (TSH)
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Figure 2. Linear regression of TSH measured on the IRMA method versus the Roche Elecsys method

Table 2: Regression equations for Roche Elecsys TSH (miU/L) and IRMA TSH (miU/L)

Method Equation

Simple linear regression TSH Roche = 0.832xTSH Isotope + 0.644
Deming regression TSH Roche = 0.642xTSH Isotope + 0.443
Passing-Bablok regression TSH Roche = 0.864xTSH Isotope + 0.355

Bland-Altman analysis was performed (Figures 4A and 4B). Most data points fell within the European
Federation of Clinical Chemistry and Laboratory Medicine (EFLM) total allowable error goals for TSH
(20), suggesting that the two methods were comparable. The two trendlines demonstrated that the
differences at higher concentrations of TSH were larger than within the measuring range or at lower
concentrations. The plots confirmed that IRMA TSH results were positively biased compared to Roche
TSH results, as shown by the slope and intercept in Table 2. This bias was approximately 5.55% at low

concentrations and 12.61% at high concentrations.
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Figure 3: Bland-Altman Analysis: Absolute (4A) and Relative (4B) Difference Plots for TSH
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DISCUSSION

This study aimed to define reference intervals and clinical decision thresholds for cord blood TSH and
FT4 utilising automated Roche Cobas ECLIA methods. Our findings contribute significantly to the field,
amidst the persistent discontinuation of RIA kits. This is especially pertinent given the limited research

available in this area, with a notable gap in the context of South Africa.

The use of cord blood for CH screening in lower-middle-income countries like South Africa offers
several advantages, particularly relevant to the constraints and unique challenges these regions face.
Cord blood collection leverages existing childbirth practices, allowing for efficient integration into
healthcare systems with limited resources. One-time collection, immediately after birth, minimises
logistical challenges (such as transportation and communication barriers) and loss to follow-up.
Previous research has observed a high correlation between cord blood and heel-prick blood TSH levels
measured 48 hours after birth (21), supporting the practicality of cord blood as an alternative for

screening purposes (22).

Our approach to establishing reference intervals closely followed the recommendations outlined in
the CLSI document EP28-A3c, "Defining, Establishing, and Verifying Reference Intervals in the Clinical
Laboratory; Approved Guideline—Third Edition" (14). This document offers a comprehensive
framework for the determination of reference intervals, ensuring that these are both clinically

relevant and scientifically sound. Key features of the EP28-A3c recommendations include:

1. Selection of the reference population: We selected a reference population that accurately
represented the demographic and clinical characteristics of the patient population for whom
the tests would be used. This was done to ensure the clinical applicability of the determined

intervals.

2. Sample size considerations: We studied ~120 reference individuals to achieve statistically valid
reference intervals. This provided a good balance between statistical reliability and practical

feasibility.

3. Outlier detection and treatment: We followed procedures for identifying and handling outliers
to ensure accurate reference intervals. This ensured that our reference intervals were not

skewed by anomalous data points.
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4. Statistical methods for data analysis: Our study employed these statistical analyses, aligning
with the guideline's emphasis on rigorous data analysis. We used various statistical methods
for analysing the data and determining the reference intervals, including parametric, non-
parametric, and robust methods. We also log-transformed the data and repeated the
parametric method. These methods accounted for the distribution of the data and the

presence of outliers, ensuring accurate and reliable intervals.

5. Verification of reference intervals: The EP28-A3c guideline emphasizes verifying existing
reference intervals when implementing new methods or instruments, ensuring they remain
valid for the test results produced by the new system. This consideration was incorporated
into our method comparison study to support the transition to the Roche TSH method. We
conducted a full reference interval study, eliminating the need to verify the previous reference
intervals. However, we also performed a method comparison study to evaluate the medical

decision limits specific to our program as part of the transition to the Roche TSH method.

These reference intervals for TSH and FT4 are consistent with those reported in other populations and
are supported by the literature, including findings from studies conducted in regions with similar
iodine-sufficiency statuses (Table 3). This consistency reinforces the reliability of our intervals for
clinical application in CH screening. The non-normal, right-skewed distribution of TSH results mirrors
previous findings, emphasising the relevance of using non-parametric methods for determining
reference intervals in populations where the distribution deviates from normality. Our results also
illustrate how parametric, non-parametric, and robust methods address reference intervals in data
with differing distribution characteristics. This choice is further justified by comparing our results with
those from similar studies, revealing congruence in the distribution and reference interval limits for
TSH, underscoring the consistency of our findings across different methodologies and geographical

settings (13) (23).

Mehari et al. (2013) conducted a study in Ethiopia to establish reference intervals for thyroid function
tests from cord blood, acknowledging challenges similar to those in South Africa regarding early
hospital discharges. Following IFCC and CLSI guidelines, they employed the ECLIA assay on the Roche
Cobas 6000® for TSH, FT4, and FT3 measurements. Their study established a slightly higher TSH
reference interval of 3.48 — 27.56 mIU/L and a lower limit for FT4 at 11.46 pmol/L. These differences
may arise from including neonates ranging from 2000 g to >4000 g, with the largest baby weighing
4700g, while our study focused solely on "normal birth weight" neonates (2500 g — 4500 g).
Additionally, we collected cord blood using serum separator tubes, whereas Mehari et al. used EDTA

tubes. Furthermore, our samples were analysed within 1 day of collection without freezing, whereas
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theirs were frozen at -20°C post-plasma separation and then stored at -80°C in the laboratory. There

is no indication in their paper regarding the duration of sample storage before analysis.

Disparities identified between the remainder of the studies may be attributed to diverse
environmental factors, such as variations in the prevalence of iodine deficiency within the population
(22). Also, thyroid hormone assay characteristics may have played a significant role as the assays
utilised in the studies were varied and not standardised (24). As demonstrated in Table 3, studies
performed using enzyme-linked immunoabsorbent assay (ELISA) platforms, such as the studies done
by Ishaku et al. and Satheesan et al., produced a lower limit as well as a wider reference range for TSH
(25) (23). Furthermore, the studies were not all standardised to the CLIA EP28-A3c guidelines, with
variations in several study features, including the handling of outliers and the statistical test utilised
to determine the reference intervals. Our study's adherence to CLSI guidelines ensured that these

intervals were scientifically robust and tailored to the specific population served by the program.

Our Free T4 data initially deviated from a normal distribution, primarily due to the presence of outliers.
After the removal of outliers, the data exhibited a normal distribution, allowing for a more appropriate
calculation of the parametric reference interval. This highlights the importance of outlier identification
and treatment in reference interval studies. The FT4 results from our study align with a study
performed in Shanghai, China by Fan et al. In this study, the cord blood of 452 singletons, term infants
of mothers with normal thyroid function was assessed and the mean  SD for all participants were

13.26+1.66 pmol/L and 13.39+1.43 pmol/L for boys and girls, respectively (26).

In our setting, we have chosen to implement the non-parametric reference interval for TSH of 1.85 -
15.35 mlU/L and for FT4 of 13.0 to 20.4 pmol/L. A TSH result of <1.00 mIU/L or >50.00 mIU/L elicits
immediate recall of the neonate, whereas a TSH result of 15.36 to 50.00 reflexes further FT4 testing
on the cord blood sample. The FT4 lower limit of 13.0 pmol/L serves as a cut-off for identifying patients
requiring follow-up and further investigations, aligning with clinical objectives for the intended use of
this assay for assessing CH risk. In the CLSI EP28-A3c guideline, the non-parametric method is
recommended as the preferred choice for calculating reference intervals. This recommendation is

based on its flexibility and minimal assumptions about data distribution.

Linear regression during the method comparison study showed Lin’s concordance correlation
coefficient (CCC) value of 0.97, indicating a high degree of concordance between the IRMA and Roche
Elecsys methods for TSH measurement. This finding reinforced the strength of agreement between

the two methods beyond just linear association. This finding suggests that the transition to the Cobas
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methods will not only be seamless but will also maintain the integrity and reliability of TSH

measurements in the CH program.

The slight underestimation by the Roche method, as indicated by the slope of less than 1 in both
Deming and Passing-Bablok regressions, is clinically insignificant given the high degree of concordance
and the observation that the differences were within clinically acceptable limits. Deming regression,
which accounts for errors in both the independent and dependent variables, may provide a more
appropriate model for comparing two methods of measurement where both have associated
measurement errors. The Root Mean Squared Error (RMSE), which is a measure of the average
magnitude of the errors between the observed TSH Roche values and the values predicted by the
Deming regression model was 3.43, suggesting fitness for purpose. Passing-Bablok regression, which
is known to be robust to outliers and does not assume a normal distribution of the errors, makes it
another suitable alternative measure for method comparison studies. Overall, it offers a robust
evaluation of the relationship between the two methods, uncovering differences in scale and potential
systematic biases. This suggests that the transition to the Roche Cobas ECLIA method is feasible and

will maintain consistency in clinical assessments.

There are several strengths to this study. By meticulously adhering to the CLSI EP28-A3c and EP09-A3
guidelines, our study not only establishes scientifically valid reference intervals and clinical decision
limits but also ensures that these values are tailored to the specific needs and characteristics of the
patient population served by the PMNS CH Screening Program. This adherence underscores the
scientific rigour and clinical relevance of our findings, providing a solid foundation for the accurate

interpretation of TSH and Free T4 measurements in newborn screening for CH in South Africa.

There are some limitations to consider, including a lack of comprehensive clinical data accompanying
the residual samples and the representation of the study population. These limitations emphasise the
need for caution when transferring our reference intervals to other population groups. A comparison
between the previous RIA total T4 assay and the current Roche FT4 assay could not be conducted due
to the sudden discontinuation of the RIA service. Additionally, a method comparison with the previous
RIA method may not have added further insight, as the RIA measured total T4, while the ECLIA
measures free T4. Future research may wish to explore these areas further, ensuring the broad

applicability and accuracy of our findings.
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CONCLUSION

Our study addresses the need to transition from RIA to ECLIA methods for CH screening in South Africa
and provides essential reference intervals for accurate newborn screening interpretation. This
transition is a critical step towards improving CH outcomes and reflects the broader global shift
towards more advanced and safer screening methodologies. As we move forward, it is imperative to
continue monitoring and validating these intervals against clinical outcomes to ensure their ongoing

relevance and accuracy.

(3601 words, limit = 3000)
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Table 1. Studies Performed Measuring Thyroid Hormones on Cord Blood for CH Screening

Author Region Analyte Reference Interval Analyser Method
Abdelouahab, et al. 2013 (27) Quebec, Canada TSH 2.75-21.55 mIU/L Advia Centaur ECLIA
FT4 9.46 - 16.13 pmol/L Advia Centaur CMIA
Al Juraibah, et al. 2019 (28) Riyadh, Saudi Arabia TSH 1-39.4 mIU/L Abbott Architect 2000 immunoassay CMIA
analyser
FT4 <9 pmol/L Abbott Architect 2000 immunoassay CMIA
analyser
Ogunkeye, et al. 2007 (12) Najran, Saudi Arabia TSH 2.0-16.8 mIU/L DELFIA FIA
FT4 <12 pmol/I DELFIA FIA
Henry, et al. 2002 (29) Riyadh, Saudi Arabia TSH 2.38 —19.06 mIU/L Boehringer-Manheim ES 700 ELISA
FT4 11.70 - 19.64 pmol/I Boehringer-Manheim ES 700 ELISA
Ishaku, et al. 2017 (25) Jos, Nigeria TSH 0.21-29.2 mIU/L Not indicated ELISA
FT4 6.30—20.29 pmol/L* Not indicated ELISA
Jeyachandran, et al. 2017 (13) Karakonam and TSH 2.2-18 miU/L VITROS Eci CLIA
Trivandrum, India
Kawahara, et al. 2002 (30) Toranomon, Japan TSH 4.54 - 14.50 mlU/L TSH RIA Beads kit (Dainabott) IRMA
FT4 13.52 - 20.72 pmol/L* Amerlex MAB RIA
Mehari, et al. 2016 (31) Addis TSH 3.48 - 27.56 mIU/L Elecsys immunoassay analyser (Cobas®) ECLIA
Ababa, Ethiopia FT4 11.46 — 19.69 pmol/L* Elecsys immunoassay analyser (Cobas®) ECLIA
Mutlu, et al. 2011 (32) Karadeniz, Turkey TSH 3.48 - 27.56 mIU/L E170 Hitachi ECLIA
FT4 11.46 — 19.69 pmol/L* E170 Hitachi ECLIA
Satheesan, et al. 2022 (23) Kerala, India TSH 0.63-17.03 miU/L Biorad ELISA reader and Washer ELIS
FT4 12.16 — 34.98 pmol/L* Biorad ELISA reader and Washer ELISA
Seth, et al. 2014 (33) North India TSH 1.4-29.4 mIU/L Not indicated IRMA

Note: Values marked with an * have been converted to standard international units) Abbreviations:

CLIA — chemiluminescent immunoassay, CMIA —

chemiluminescent microparticle immunoassay; ECLIA electrochemiluminescent Immunoassay; ELISA - enzyme-linked immunosorbent assay; FIA — fluorescent
immunoassay; FT4 — free thyroxine; IRMA — immunoradiometric assay; RIA — radioimmunoassay; TSH — thyroid-stimulating hormone
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SUPPLEMENTARY DATA:

Congenital Hypothyroidism: Cord Blood Sample Reference Intervals for Thyroid Stimulating
Hormone and Free Thyroxine on Roche Cobas® Analyser

Distribution of birth weight

The birth weight distribution analysis involved 121 samples, with no identified outliers according to
Tukey's Fences Test. The data exhibited a mean birth weight of 3207.51 grams, with a standard
deviation of 388.36 grams and a median of 3202.5 grams. The interquartile range (IQR) was calculated

as 577.5 grams, with the first quartile (Q1) at 2915 grams and the third quartile (Q3) at 3492.5 grams.

Reference interval study

The reference interval study for TSH measurement on cord blood, conducted on the Roche Cobas®
6000, involved 121 samples, with no identified outliers. The Shapiro-Wilk test revealed non-normal,
with no outliers identified using Tukey's Fences Test. The TSH measurements exhibited a mean of 7.32,

a standard deviation of 3.60, and a median of 6.13.

The analysis of Free T4 on the Roche Cobas® 6000, after the removal of 5 outliers, displayed normal
distribution. The mean Free T4 was 16.45, with a standard deviation of 1.77 and a median of 16.46.

The Shapiro-Wilk test confirmed normality (p > 0.05).

Roche Free Thyroxine Levels - Outliers Included

25

-
(*a)

Frequency

-
o

12.5 15.0 17.5 20.0 25 25.0 215
Roche Elecsys FT4 Concentration (pmol/L)

Supplementary Figure 1. Histogram of FT4 as measured on the Roche Cobas® 6000, before

removal of outliers
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TSH measurements using the Coat-a-Count Radioimmunoassay exhibited a mean of 8.04, a standard
deviation of 4.04, and a median of 7. Despite log transformation, the Shapiro-Wilk test still indicated

a non-normal distribution (p < 0.05).

Radioimmunoassy Thyroid Stimulating Hormone

& 3 R 8

Frequency

-y
o

2 4 6 8 10 12 14 16 18
RIATSH Concentration (mlU/L)

Supplementary Figure 2. Histogram of TSH measurements using the Coat-a-Count

Radioimmunoassay

Supplementary Table 1. Basic statistics and tests for normality for TSH and FT4 on the Roche Cobas®

6000 and TSH on the IRMA Coat-a-Count Radioimmunoassay

Method Sample no. | Mean | SD Median | P25 P75 IQR P2.5 P97.5

Roche TSH | 121 7.32 3.60 6.13 4.78 9.72 4.94 1.98 15.30
Roche FT4 | 120 16.46 | 1.98 16.46 15.23 | 17.56 | 2.32 12.69 | 21.03
IRMA TSH 121 8.04 4.04 7.00 5.00 10.00 | 5.00 2.00 17.00
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Method Comparison Analysis

The method comparison between TSH measured on the Coat-a-Count Radioimmunoassay (IRMA TSH)
and TSH measured on the Roche Cobas® 6000 (Roche TSH) revealed a robust positive association
between the two methods, as indicated by both Pearson and Spearman correlation analyses. The
exceptionally low p-values obtained from both statistical tests signify a high level of concordance
between the new Roche TSH method and the established IRMA TSH method, both in terms of

measurement rank and value.

Table 5: Pearson & Spearman Correlation for TSH Measurement Agreement (IRMA vs. Elecsys)

Type Correlation  p-value
Coefficient

Pearson 0.991 p<0.001

Spearman 0.974 P<0.001
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ANNEXURE 1: PROJECT BACKGROUND

Thyroid hormones are involved in a wide array of bodily functions and the symptoms of thyroid
hormone deficiency are diverse and may involve multiple systems. In adults, thyroid dysfunction is
associated with neuropsychiatric complications such as restlessness, irritability, emotional lability,
depression and even psychosis, encephalopathy, and coma?. These conditions are usually treatable
with thyroid hormone supplementation. However, in neonates, the consequences of hypothyroidism
are much further reaching and permanent. Congenital hypothyroidism (CH) is recognised as a
preventable cause of intellectual disability and growth retardation?. Ideally, treatment should be
initiated within two weeks of birth, as delays in treatment correlate directly with poorer outcomes®.
CH was initially estimated to be present in 1 in 7000 new-borns worldwide but with the
implementation of widespread new-born screening programmes, the prevalence was noted to be
approximately 1in 3000%. In populations with effective neonatal screening programmes, however, this

number is estimated to be closer to 1 in 2000°.

Due to the frequency of CH and the devastating consequences associated with this disease, most
industrialised countries have implemented some variation of a newborn screening programme®. One
of the earliest screening programmes was implemented in Italy as early as 1977, in which dried blood
spots were used to estimate neonatal thyroid stimulating hormone (TSH) to screen for CH. This
programme grew to cover virtually 100% of the population by the 90s and is now subject to frequent
auditing and optimization to harmonize and improve the screening strategy and diagnostic approach
in all affected infants’. Currently, in South Africa, which is considered a developing nation, there is no

national state-sponsored screening programme for CH.

According to the International Society for Neonatal Screening (ISNS), neonatal screening is an
accepted medical intervention aimed at detecting treatable metabolic and other disorders. It has been
accepted as part of routine neonatal health care in almost all countries with well-developed medical
services®. Newborn screening is recommended, provided that the following criteria are met, as per
the ISNS guidelines: (a) there is considered to be a direct benefit to the neonate from early diagnosis;
(b) the benefit is reasonably balanced against financial and other costs; (c) there is a reliable test
suitable for neonatal screening; (d) there is a satisfactory system in operation to deal with diagnostic
testing, counselling, treatment, and follow-up of patients identified by the test®. Screening for CH in
South Africa fulfils most of the above criteria, with the biggest barrier currently being the follow-up of

patients®.
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To understand and assess thyroid disorders occurring in the newborn, it is imperative to be familiar
with the physiology of thyroid hormone production and control in the foetal and neonatal periods®.
Fetal thyroid production remains low in the first trimester of pregnancy and the foetus is dependent
on maternal thyroid hormones, which can freely cross the placenta®. The foetal hypothalamus begins
secreting thyrotropin-releasing hormone (TRH) around the eighth week of gestation, stimulating the
thyroid gland to start producing thyroxine. However, the hypothalamic, thyroid hormone axis
becomes fully matured about six to eight weeks after birth. At the time of delivery, about 30% to 50%

of TSH measured in cord blood is of maternal origin.

The transition from intrauterine to extrauterine life results in several changes to stimulate neonatal
thyroid hormone production. The neonatal pituitary gland is stimulated to produce TSH in response
to the temperature change from the warm intrauterine space to the cooler extrauterine environment,
leading to a TSH surge®. TSH in neonates rises to a peak about 30 minutes after delivery and decreases
to normal-term infant levels by day three to five of life. Thyroxine (T4) concentrations peak 48 hours
after birth and may require several weeks to normalise®. Pre-term infants, (those born before 34
weeks of gestation) have lower T4 concentrations than term infants. Ideally, newborn screening
should occur between the 2nd and 4th day after birth (and within the first seven days in preterm
infants). Testing before this time may lead to falsely raised TSH measurements. Additionally, neonates
with postpartum complications, such as sepsis or lung disease, may have a low T4 and T3, which is in

keeping with sick euthyroid or non-thyroidal illness®.

CH may be due to thyroid dysgenesis, thyroid dyshormonogenesis, central hypothyroidism, thyroid

hormone resistance or maternal factors such as the use of antithyroid medication during pregnancy?.

To prevent the neurocognitive complications associated with CH, many countries have implemented
screening programmes to detect this disease. In most countries with robust newborn screening
programs, this is done in the neonatal period using dried blood spot testing®. Tandem mass
spectrometry is used in many developed countries to screen for common inherited metabolic diseases
in the population, as well as screening for CH. This testing is done on heel prick or venous blood, used
to make dried blood spots on day 3 — 5 of life. However, in countries where early discharge post-
delivery is the current practice, cord blood TSH testing is the best screening method, with some studies
showing superior sensitivity using early heel prick testing 1. An additional barrier to the use of heel
prick samples in South Africa is the large burden of postnatal loss to follow-up. A study performed
from 2010 to 2013 showed that approximately 40% of neonates did not receive the three postnatal

visits during the first six weeks of life as recommended by the World Health Organisation (WHO)™%.
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Therefore, the current South African infrastructure and the existing evidence support the use of cord

blood for screening for CH.

Currently, South Africa does not have a state-sponsored newborn screening program. In 1982, the
Peninsula Maternal and Neonatal Services (PMNS) initiated a congenital hypothyroidism screening
program across three maternity units’. Following an assessment demonstrating its cost-effectiveness,
the program expanded to cover the entire PMNS region. A 2008 audit confirmed that the incidence of
congenital hypothyroidism in this district aligned with global rates’. Additionally, a cost analysis
affirmed the program's economic viability, though this did not factor in the psychosocial and ethical
implications of undiagnosed cases’. Originally managed by the Department of Nuclear Medicine at
Red Cross War Memorial Children’s Hospital (RCWMCH), the program was transferred to the National
Health Laboratory Service (NHLS) after the discontinuation of radioimmunoassay (RIA) kits previously

used by Nuclear Medicine.

To make rational management decisions using the results from cord blood, appropriate reference
intervals would need to be provided by the laboratory. Reference intervals may be affected by
lifestyle, ethnicity, gender nutrition and other environmental factors?. However, there is currently no
population-specific data available for the measurement of TSH and T4 in cord blood in South Africa.
In a country as diverse as South Africa, it could even be argued that regional or subpopulation

reference intervals would be more useful?.

This study seeks to establish useful and reliable reference intervals, within the South African
population, to be used as tools for clinical decision-making in the existing CH in Cape Town. Also, the
results gained from this study may be used by other laboratories using the same methodology and
analyser, allowing this vital program to be rolled out in other parts of the country. Having these
samples run through the National Health Laboratory Service (NHLS) will allow the monitoring of the
epidemiology of this disease in our country and, with ongoing auditing and review, provide more
sensitive and specific reference intervals or clinical decision limits. This study is a useful step toward a

more inclusive CH screening program in South Africa.
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the title page of the submission.

Third-party Submissions and Integrity

If a third party is submitting the manuscript, the submitting agent designation must be used, with the identity of the
submitting agent disclosed. We reserve the right to reject any manuscript that does not contain this disclosure. The
authors are solely responsible for any manuscript submitted on their behalf.

Confidentiality

Editors and reviewers must maintain strict confidentiality of manuscripts during the peer-review process. Sharing a
manuscript in whole or in part, outside the scope of what is necessary for assessment, is impermissible prior to an
accepted manuscript's official publication date. Reviewers are not permitted to contact authors directly.
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Authors must honor any reasonable request for materials, methods, or data necessary to reproduce or validate the
research findings during peer review unless it violates the privacy or confidentiality of human research subjects.

Conflicts of Interest by the Editorial Leadership

No member of the Editorial Leadership of a journal (Editor in Chief, Deputy/Associate/Guest Editors or Editorial Board
members) is permitted to participate in the review or decision process for submissions where there is a potential or
actual competing interest. This includes, but is not limited to research or review papers of their own authorship or co-
authorship. In those cases, an independent member of the leadership will have full discretion to manage review and
decision on the manuscript.

Plagiarism, Peer Review, and Publication Integrity

Mary Ann Liebert, Inc., is committed to maintaining the integrity of the peer-review process by upholding the highest
standards for all published articles. All manuscripts are analyzed and evaluated for plagiarism, peer review integrity,
and publication integrity. Manuscript screening may be applied at any point in the process, from submission through
post-publication. Plagiarized manuscripts or manuscripts with evidence of publication, image, or peer review
misconduct will be rejected immediately. If publication misconduct is identified, we reserve the right to rescind
acceptance prior to publication.

Authorship

Authorship is defined by the International Committee of Medical Journal Editors in Roles & Responsibilities.

Contributors who do not meet all criteria for authorship should not be listed as authors, but they should be
acknowledged (with permission from the named parties) in the Acknowledgments section with a description of their
contribution to the work.

ORCID IDs

All submitting authors are required to complete their submissions using an ORCID identifier.

Corresponding Authors

One author should be designated as the corresponding author who will be responsible for communication between the
authors and the journal editorial office and publisher. This individual will be responsible for ensuring all authors submit
copyright forms, coordinating and responding to page proofs, and managing any other necessary contact during the
peer review and production processes.

The submission system permits only one author to be identified as the corresponding author of record. However, we
recognize that some submissions call for more than one corresponding author to be noted. In such cases, select one
author to be the main point of contact for all communications regarding the peer review process of the paper, and on
the title page of the manuscript, designate additional co-corresponding authors by including an asterisk after the
authors' names in the byline. Include an accompanying footnote on the title page that reads, "*Co-corresponding
authors." Please ensure that the title page carries the full affiliation details and email address of any author who should
be noted as a corresponding author. If the paper is accepted for publication, the full contact information for all
designated co-authors will be listed at the end of the article as per usual journal style.

Authorship Confirmation/Contribution Statement

An authorship contribution statement must be included with the manuscript. We strongly recommend that the
authorship contribution statement follow the CRediT Taxonomy guidelines. (https://credit.niso.org/)

» Conceptualization (Ideas; formulation or evolution of overarching research goals and aims.)


http://www.icmje.org/recommendations/browse/roles-and-responsibilities/defining-the-role-of-authors-and-contributors.html

» Data curation (Management activities to annotate (produce metadata), scrub data and maintain research
data (including software code, where it is necessary for interpreting the data itself) for initial use and later
re-use.)

» Formal analysis (Application of statistical, mathematical, computational, or other formal techniques to
analyze or synthesize study data.)

» Funding acquisition (Acquisition of the financial support for the project leading to this publication.)

« Investigation (Conducting a research and investigation process, specifically performing the experiments, or
data/evidence collection.)

* Methodology (Development or design of methodology; creation of models.)

» Project administration (Management and coordination responsibility for the research activity planning and
execution.)

e Resources (Provision of study materials, reagents, materials, patients, laboratory samples, animals,
instrumentation, computing resources, or other analysis tools.)

e Software (Programming, software development; designing computer programs; implementation of the
computer code and supporting algorithms; testing of existing code components.)

» Supervision (Oversight and leadership responsibility for the research activity planning and execution,
including mentorship external to the core team.)

« Validation (Verification, whether as a part of the activity or separate, of the overall replication/reproducibility
of results/experiments and other research outputs.)

 Visualization (Preparation, creation and/or presentation of the published work, specifically
visualization/data presentation.)

o Writing — original draft (Preparation, creation and/or presentation of the published work, specifically writing
the initial draft (including substantive translation).)

e Writing — review & editing (Preparation, creation and/or presentation of the published work by those from
the original research group, specifically critical review, commentary or revision — including pre- or post-
publication stages.)>

Example

Author 1: review and editing (equal). Author 2: Conceptualization (lead); writing — original draft (lead); formal analysis
(lead); writing — review and editing (equal). Author 3: Software (lead); writing — review and editing (equal). Author 4:
Methodology (lead); writing — review and editing (equal). Author 5: Conceptualization (supporting); Writing — original
draft (supporting); Writing — review and editing (equal).

Changes in Authorship

Changes in authorship after submission, revision, or acceptance of a paper are generally not permitted, but the editorial
leadership recognizes that in rare circumstances, it may be required. The policy for such cases is as follows:

e Arequest to alter authorship must be made in writing from the corresponding author to the Editor-in-Chief,
with a detailed explanation for the request, the nature of the changes, and the names and affiliations of all
authors.

o Written approval of all authors named on the manuscript, as well as any individual(s) being added to or
removed from the author list must be provided. The Publisher can provide a form for this, if needed.

e Upon receipt of the request and all written approvals of all involved parties, the Editor-in-Chief will consider
the request, render a decision, and notify the corresponding author.

e Post-publication changes or alterations to conference abstracts are prohibited.



 If authors are added or removed upon revision submission, without accompanying documentation of the
request, the manuscript will be unsubmitted.

Name Change Policy

Mary Ann Liebert, Inc. supports the implementation of name changes for reasons including (but not limited to) gender
identity, changes to marital status, religious conversion, etc.

Please contact the Director of Production and Editorial to confidentially update your record. Identification or

documentation is not required, apart from confirmation that the change is on behalf of yourself (requests cannot be
made for other individuals).

Updates will be made to the online versions of the article, but without a formal correction notice and without coauthors
being notified.

We recommend authors update ScholarOne and ORCID records with any name changes.

Author Disclosure Statements

Upon submission, authors are required to fully disclose any interests, funding or employment that may inappropriately
influence or affect the integrity of the submission. Authors should disclose

e Competing Interests. A competing interest exists when an individual (or the individual's institution) has
financial or personal relationships that may inappropriately influence his actions. These competing
interests may be potential or actual, financial or other.

e Personal Financial Interests. Stocks or shares in a company that may gain or lose financially from
publication of the article; consulting fees or other remuneration from an organization that may gain or lose
financially from publication of the article; patents or patent applications that are owned by or licensed to
companies/institutions that may gain or lose value from publication of the article.

e Funding. Research support by organizations that may gain or lose financially from publication of the article.
This support includes salary, equipment, supplies, honoraria, reimbursement or prepayment for attending
symposia, and other expenses.

o Employment. Recent (within the past 5 years), current, or anticipated employment by an organization that
may gain or lose financially from publication of the article.

e Other Competing Interests. Any personal relationship which may inappropriately affect the integrity of the
research reported (by an author) or the objectivity of the review of the manuscript (by a reviewer or Editor),
for example, competition between investigators, previous disagreements between investigators, or bias in
professional judgment.

Affiliations

Authors should identify as their institution(s) the facility where the work was performed and executed. Changes in an
author’s affiliation after the work was completed, but prior to the submission or publication of the manuscript should
be noted using a superscript asterisk in the author listing and a footnote on the title page indicating “Current
Address” and listing the new affiliation. Corrections to affiliations or contact information due to relocation after
publication is not permitted.

Permissions

When reproducing copyrighted material such as figures, tables, or excerpted text, the author(s) of the submitted paper


mailto:sjensen@liebertpub.com

must obtain permission from the original publisher or owner of material and submit it concurrently with the
manuscript. The figure or table source must be listed in the reference list. With any copyrighted material, include a
footnote with proper attribution (e.g. "Reprinted by permission from Jones et al.") and the appropriate reference. All

permissions must be supplied at the time of submission. Authors are responsible for any fees that may be incurred by
securing permission to reproduce or adapt material from other published sources.

Appropriate use of Artificial Intelligence (Al) in Published Research

Mary Ann Liebert, publishers, Inc. understands that emerging computing methodologies and tools are critical parts of
advancing research. The policies below will be reviewed and updated as technologies, best practices and ethical
considerations in Al evolve.

Transparency and Disclosure
Liebert Journals require authors to disclose any use of Al systems in their research and manuscript preparation.

Authors are required to provide descriptions of an Al system’s use in their Materials and Methods section. Include the
name and version of the software, the date of the original use, and all relevant prompts, queries or cues that initiated
the Al's response. Potential biases and limitations of the outcomes of Al use should be discussed by the authors when
presenting their results.

Authorship and Contributions
Al systems are not authors and should not be used or named as authors on a manuscript.

Authorship of a scholarly work requires responsibility for the conduct of the research and the content of the written
work created as a result of that research. The contributions of each author should be stated in the paper, noting their
specific roles in the research and writing. An Al system used to generate any part of the content must be stated in the
Methods section, as above. The listed authors are expected to review a final text and accept responsibility for its
accuracy.

Peer Review

All scholarly works considered for publication undergo thorough and rigorous peer review. Manuscripts with Al-
generated content are no exception.

Reviewers will evaluate the rigor, methodology, and significance of the research, considering the involvement of Al
systems. Reviewers should consider the appropriateness of the use of Al tools when they assess the work, along with
the authors’ discussion of their use. If any Al tools were used by the Reviewer in the process of preparing their
comments, this must be acknowledged to the Editor as part of your report.

Intellectual Property and Copyright

Ownership and copyright of any work can only be awarded to human authors or human-operated institutions, ensuring
compliance with intellectual property laws.

How to report concerns

Authors and readers who wish to identify concerns with a manuscript either before or after publication should contact
the journal's editorial office.

Ethics

Institutional Review Board Approvals/Waivers



When reporting research involving human data, authors must document the procedures followed in securing approvals
from the responsible institutional and national review committee(s), along with confirmation that the research was

completed in accordance with the Declaration of Helsinki as revised in 2013.

An institution without an Institutional Review Board must arrange for an outside/external IRB to be responsible for
initial and continuing review of studies conducted at the non-IRB institution. Such arrangements must be documented
in writing in the manuscript.

If doubt exists whether the research was conducted in accordance with the Helsinki Declaration, the authors must
explain the rationale for their approach and demonstrate that the institutional review body explicitly approved the
doubtful aspects of the study. Approval by a responsible review committee does not preclude editors from forming
their own judgment whether the conduct of the research was appropriate. Please see https://www.icmje.org/icmje-
recommendations.pdf for additional information.

The publisher requires a statement from authors in the Materials and Methods section to confirm that the appropriate
ethical approval has been received, that appropriate processes have been followed, and the name of the committee.

Informed consent by patients/participants should always be secured. A statement confirming that informed
patient/participant consent was obtained is required in the Materials and Methods section. The statement of IRB
review is accepted as covering the review of consent documentation.

If the study is judged exempt from review, a statement from the committee is required in the Materials and Methods
section, including, if applicable, documentation of institutionally approved waiver of informed consent.

Ethics of Experimentation
See the following resources for studies involving human fetuses, fetal tissue, embryos, and embryonic cells:

* NIH Grants Policy Statement

» National Conference of State Legislatures Embryonic and Fetal Research Laws

Ethical Treatment of Animals

All peer-reviewed submissions containing animal experiments must comply with local and national regulatory
principles and contain a statement in the Materials and Methods section of the main text stating whether national and
institutional guidelines for the care and use of laboratory animals were followed.

Human Subjects: Patient Consent and Release

If applicable, it is incumbent upon the author(s) to obtain permission to reproduce any identifiable images of patients.
Any identifying information should not be published in descriptions or photographs unless the information is essential
for scientific purposes and the patient (or patients’ parent/guardian) gives written informed consent for publication.
Informed consent for this purpose requires that an identifiable patient be shown the manuscript to be submitted.
Authors should disclose to these patients whether any potential identifiable material might be available via the Internet
as well as in print after publication. Nonessential identifying details should be omitted. Informed consent should be
obtained if there is any doubt that anonymity cannot be maintained. For example, masking the eye region in
photographs of patients is inadequate protection of anonymity. If identifying characteristics are de-identified, the
manuscript should contain assurances/statements that such changes do not distort scientific meaning.

In keeping with patients' rights of privacy, the Journal does not require the submission of patient consent forms, but
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manuscript for review, the authors must make a statement in the cover letter to the Editor/Journal which attests that

they have received and archived written patient consent in addition to providing the requisite statement in the
manuscript.

Data Sharing



We recommend, but do not require, the sharing and archiving of data and any other artifacts that define and support
the results stated in a manuscript in a suitable public repository (in accordance with valid privacy, legal, and ethical
guidelines). We recommend that a data availability statement be included in the manuscript in the Methods section or
as a separate section at the end of the main text file. Describe the location of the data, details on how it can be
accessed and any licensing information. If the data is not publicly available or accessible, that information should also
be provided.

Datasets should be cited in the reference list.

Important: Please check with your funding agencies to ensure that are you following their data sharing polices. If your
funding agency has additional requirements exceeding our policy, you must follow the requirements of your funder.

Update: New NIH policies for data management and sharing are in effect as of January 25, 2023. If your research has
NIH funding, please refer to the guidelines for new requirements.

Preprint Servers

Mary Ann Liebert, Inc., allows for papers that were previously deposited on preprint servers to be submitted to our
journals, with the proviso that the author updates any preprint versions with a link to the final published article. All
submissions, even those deposited on preprint servers, are subject to peer review and does not guarantee publication
in any Mary Ann Liebert, Inc. journal.

The submitting author of a paper which was previously deposited to a preprint server should include a disclosure on
the title page of the manuscript indicating the name and website of the server and include the DOI number of the
preprint.

Referencing/citing non-peer-reviewed material that is found on any preprint server is generally discouraged by Mary
Ann Liebert, Inc., journals, but if it is necessary, the citation must indicate that the content is not officially published in a
journal, and can only be found on a preprint server.

Special Issues and Themed Issues

Special issues are created at the discretion of the publishing and scholarly leadership of the journal. They are
considered integral aspects of the publication and are, therefore, subject to the editorial standards and review policies
of all other scholarly content in the journal.

Special issues may be comprised of unsolicited author submissions representing a topic of interest to the journal's
community that are curated by the editors and published together.

In other cases, the Editorial and Publishing leadership of the title will select a topic they wish to develop more fully and
will create a general call for papers on that topic. Issues of this type may be organized and Edited/Guest Edited by an
existing Editorial Board member; alternatively, a qualified guest Editor may be invited by the Editorial Leadership.

A small number of independent proposals for Special issues may be considered. Any proposal will be reviewed by the
Editorial and publishing leadership; resulting issue is subject to full review by existing Editorial Board members. We
reserve the right to cease development of any special issue if problems with the submitted content or editorial
practices are identified.

While respecting the need for editorial independence in the development of a special issues or themed issues, Mary
Ann Liebert, Inc. takes full responsibility for the content published in the journal.


https://grants.nih.gov/grants/guide/notice-files/NOT-OD-21-013.html

Sanctioned Countries Policy

Mary Ann Liebert, Inc., supports a fundamental freedom of expression and considers that the pursuit of academic
research around the world from any country should be fairly considered.

Publishing peer-reviewed content, in various forms and mediums, is an international method of communication that
drives fields forward, supports the continuance of essential research funding resources, and has the potential to
support improved patient outcomes. Censorship, directly or indirectly, plays no part in our considerations of well-
conducted and well-presented research and advances in scientific research around the world.

In this same vein, Liebert Editors will continue to remain open to considering research submissions from every country
around the world, including sanctioned countries. However, to adhere to OFAC sanctioned policies and to oblige all
responsible considerations, Mary Ann Liebert, Inc. has enacted the following policy with respect to handling academic
research submissions from identified sanctioned countries, institutions, or individuals. The proposed policy will bring
us in compliance with COPE guidelines and is similar to policies adopted by other major publishers.

Below is a detailed approach of how Mary Ann Liebert, Inc. will specifically manage peer-reviewed journal article
submissions from OFAC sanctioned countries.

e All peer-reviewed journals published by Mary Ann Liebert, Inc. are required to follow United States
sanctioned countries laws and regulations. Under our mission as stated above, Liebert journal Editors
reserve the right to consider academic contributions from researchers in every country around the world.

e Liebert Journal Editors will handle any submission from a listed OFAC sanctioned country as they would a

non-sanctioned country, ensuring the same level of rigorous peer review and suitability of the research
subject matter. At present, the highest submitting sanctioned countries include, and are not limited to,
submissions from Iran, Russia, Cuba, and Syria.

e Manuscripts from sanctioned countries that are submitted to any Mary Ann Liebert, Inc. journal must
contain a Confirmation Statement after the Conclusion section of the manuscript which states that each
author confirms that their research is supported by an institution that is primarily involved in education or
research.

e As aninternational company, Mary Ann Liebert, Inc. complies with international trade law, which indicates

that the publisher is unable to accept payment from individuals and organizations identified and included in
the OFAC sanctioned countries list. Additionally, the publisher will not issue invoices or take any payment
from authors based in countries where international sanctions are currently in place.

e Authors from a sanctioned country who submit their research to a Liebert hybrid journal for consideration
will be notified of this information upon submission.

¢ In accordance with our internal policies, all submitted manuscripts must go through thorough rigorous,
independent editorial peer review and adhere to all current and enforced Mary Ann Liebert, Inc., peer review
processes, policies, and protocols.>

e Any accepted papers or content from the sanctioned countries must publish in greyscale. There is no
negotiation of this rule. Authors or institutions from sanctioned countries should not be sent any invoices
as financial transactions are not permitted.

» Gold Open Access (0OA) journals operate on an article publishing charge (APC) model, whereby, in non-
sanctioned circumstances, the author or their institution is sent an invoice to pay an APC when their paper
is accepted following thorough peer review. However, because of restrictions imposed upon certain
sanctioned countries, Liebert, Inc. is unable to issue invoices or take any payment from authors based in
certain countries where international sanctions are currently in place. This means that any submissions


https://publicationethics.org/resources/guidelines/ethics-toolkit-editors
https://home.treasury.gov/policy-issues/financial-sanctions/sanctions-programs-and-country-information
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https://ustr.gov/about-us/trade-toolbox/trade-laws

from authors in sanctioned countries to Liebert Gold Open Access (OA) journals will be unsubmitted for
consideration in other appropriate hybrid Liebert titles.

e This rule also applies to Open Access requests and orders in general — authors residing in or affiliated with
institutions in current sanctioned countries are not permitted to publish Open Access in any of the Liebert
journal titles as financial transactions are not permitted

e When Corresponding Authors have primary affiliations in an OFAC sanctioned country that is also classified
as Low Income by the World Bank, the authors may request support of article publishing charges (APCs).
The requests from low income authors are considered on a case-by-case basis by the Director of Sales and
Author Services.

 In all circumstances, researchers will receive timely communications to ensure there is no delay in their
research progressing through the publishing process, whilst also supporting relevant, appropriate
publication choices.

Post-Acceptance/Post-Publication Changes/Corrections

Copyright
Published manuscripts for non-Open Access journals become the sole property of the Journal and will be copyrighted
by Mary Ann Liebert, Inc. The author(s) explicitly assign(s) any copyrighted ownership in such manuscript to the

Journal unless alternate arrangements are made prior to publication, including CC-BY licensing or if the Journal
publishes under an Open Access model.

Upon acceptance, authors will receive a link to sign and complete the copyright transfer form (subject to exceptions
listed above). Authors not permitted to release copyright must still return the form acknowledging the statement for
not releasing the copyright.

Post Acceptance/Publication

All accepted manuscripts will go through copyediting, typesetting, figure sizing and placement, author proofing,
corrections, revisions (from corrected proofs), online-ahead-of-print release, and lastly, issue assignment. Changes or
alterations to a submission are not permitted after acceptance but should be addressed in page proofs.

Instant Online Publication (Just Accepted Program)

*Please note that not all Liebert journals are part of the Just Accepted Program. Please review your specific journal's
instructions.*

Journals in the Just Accepted program (formerly known as Instant Online) publish all accepted papers within 72 hours
of receipt of all authors' signed copyright agreement forms in their unedited, uncorrected format on our Just Accepted
platform.

The information that is published online, and in all indexing services, is pulled directly from the data that is populated
into the fields in ScholarOne Manuscripts™ — NOT from the main text file — when the paper is originally uploaded to the
system for peer review. Consequently, any errors contained in the system will remain on our website and all indexing
services, including Medline, until the next revision* of the article is published. As such, it is critical that authors enter all
authors’ names correctly into the system at the time of submission. Any omissions or errors will remain on our website
and in indexing services until the subsequent online version is published.

*The next revision will take place after the corresponding author reviews page proofs, makes any necessary



corrections, and returns the changes to the Publisher. Once the alterations are completed, the revised version will be

published on our website, and the newly corrected information will then be released to Medline/PubMed, in addition to
any other indexing services in which the Journal is included.

Please note that the typical time between acceptance of a paper and page proof distribution is approximately 3-6
weeks depending on the length and complexity of the paper.

Journals participating in the Just Accepted program do not post any supplemental files/information until post
acceptance steps are completed on the submission.

Page Proofs

Page proofs will be sent to the corresponding author as designated in ScholarOne™ when the manuscript was
submitted. It is the corresponding author's responsibility to share the page proofs with co-authors, if desired, and to
coordinate all authors' corrections into one proof. The Publisher will not accept corrections from multiple
authors/sources.

Author Response to the Galley Proof

The corresponding author is responsible for returning corrected galley proofs. Only corrections directly related to errors
in typesetting and/or layout will be allowed. Any requested changes related to content, or that alter the outcome of a
study, will require the approval of the Editor, and may require further peer review. If the corresponding author does not
respond to page proofs, the manuscript may be delayed in the publication schedule, or published as-is, at the discretion
of the Editor. If the corresponding author expects to be unavailable during the time the manuscript is in production, the
publisher should be provided with an alternate contact.

Post-Acceptance/Post-Publication Changes/Corrections

In the event an error is discovered after publication of an article, the corresponding author should submit the correction
in writing to the Journal Editorial Office for consideration. After Editor approval, alterations will be made to the online
version of the article, and if the errors are significant, an official correction statement will be issued.

e Changes to author affiliations or contact details due to relocation after publication are not permitted.

e Corrections to meeting abstracts will be made only to the online version. The Journal does not issue formal
correction statements to meeting abstracts, regardless of the nature of the correction.

» Correction Statements/Errata to published articles that require the reproduction of color figure(s) and/or
table(s) may incur additional costs to the author(s).

e Requests for post-publication corrections to funding information will require institutional documentation
showing that the funds were to be used for the published work.

Name Change Policy

Mary Ann Liebert, Inc. supports the implementation of name changes for reasons including (but not limited to) gender
identity, changes to marital status, religious conversion, etc.

Please contact the Director of Production and Editorial to confidentially update your record. Identification or
documentation is not required, apart from confirmation that the change is on behalf of yourself (requests cannot be
made for other individuals).

Updates will be made to the online versions of the article, but without a formal correction notice and without coauthors
being notified.



We recommend authors update ScholarOne and ORCID records with any name changes.

Reprints

Reprints may be ordered by following the special instructions that will accompany the proofs and should be ordered at
the time the corresponding author returns the corrected page proofs to the Publisher. Reprints ordered after the issue
is printed will be charged at a substantially higher rate.

Misconduct

Mary Ann Liebert, Inc., follows the guidelines and rules regarding scientific misconduct put forth by the Committee on
Publication Ethics (COPE), the International Committee of Medical Journal Editors (ICMJE), and the Office of Research
Integrity (ORI).

Scientific misconduct and violation of publishing ethics vary and can be intentionally or unintentionally perpetrated.
Some examples of misconduct and violations include, but are not limited to, the following

« Scientific misconduct: Fabrication, falsification, concealment, deceptive reporting, or misrepresentation of
any data constitutes misconduct and/or fraud.

o Authorship disputes: Deliberate misrepresentation of a scientist's contribution to the published work, or
purposefully omitting the contributions of a scientist.

» Misappropriation of the ideas of others: Improper use of scholarly exchange and activity may constitute
fraud. Wholesale appropriation of such material constitutes misconduct.

 Violation of generally accepted research practices: Serious deviation from accepted practices in proposing
or carrying out research, improper manipulation of experiments to obtain biased results, deceptive
statistical or analytical manipulations, or improper reporting of results constitutes misconduct and/or fraud.

o Material failure to comply with legislative and regulatory requirements affecting research: Including but
not limited to serious or substantial, repeated, willful violations of applicable local regulations and law

involving the use of funds, care of animals, human subjects, investigational drugs, recombinant products,
new devices, or radioactive, biologic, or chemical materials constitutes misconduct.

e Conflict of Interest: Nondisclosure of any direct or indirect conflicts to the Journal, which prevents you from
being unbiased, constitutes misconduct.

» Misrepresentation: Deliberate misrepresentation of qualifications, experience, or research
accomplishments to advance a research program, to obtain external funding, or for other professional
advancement constitutes misconduct and/or fraud.

e Plagiarism: Purposely claiming another's work or idea as your own constitutes misconduct and/or fraud.
+ Image Manipulation.

¢ Simultaneous Submission: Submitting a paper to more than one publication at the same time constitutes
misconduct.

» Peer Review Fraud: Individuals who knowingly commit peer review fraud or violate the standard accepted
practices of peer review will be reported to their institutions.

Publisher’s Response to Allegations of Scientific Misconduct

The Publisher is committed to helping protect the integrity of the public scientific record by sharing reasonable
concerns with authorities who are in the position to conduct an appropriate investigation into any allegation. As such,
all allegations of misconduct will be referred to the Editor-In-Chief of the Journal who in turn will review the
circumstances, possibly in consultation with Associate Editors and/or members of the Editorial Board. Initial fact-



finding will usually include a request to all the involved parties to state their case and explain the circumstances in

writing. In questions of research misconduct centering on methods or technical issues, the Editor-In-Chief may
confidentially consult experts who are blinded to the identity of the individuals, or an outside expert. The Editor-In-Chief
will determine if there is enough reasonable evidence that misconduct possibly occurred. Some instances may require
the Editor and/or Publisher to report the instance to the authors’ institution for arbitration and/or investigation. The
Editor and Publisher will follow the institutions’ findings for resolution.

When allegations concern conflict between authors, the peer review or publication process for the manuscript in
question will cease while the process described herein is researched. In the case of allegations against reviewers or
editors, they will be substituted in the review process while the matter is investigated.
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