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ABSTRACT

Background: Preanalytical errors in dried blood spot (DBS) sampling delay critical congenital hypothyroidism
diagnosis, particularly in resource-limited settings. This study evaluates temporal shifts in DBS rejection rates
across East Java, Indonesia (2024 vs. 2025), and identifies evolving clinical patterns of sampling errors to guide
targeted quality improvement strategies.

Methods: This retrospective study combined aggregated district-level data (38 districts; N = 770,854 screenings)
with individual-level data from a subset of rejected samples (N =931). Wilcoxon signed-rank tests compared paired
programmatic outcomes; Mann-Whitney U and Chi-square tests analyzed individual-level data using IBM SPSS
statistics version 29.0 for Windows.

Results: Total screenings increased 7.0% from 2024 (N = 372,454) to 2025 (N = 398,400). Median rejected samples
per district decreased significantly from 373.0 to 359.5 (p = 0.004), but rejection rates did not change significantly
(4.07% to 3.61%; p = 0.243). Extreme inter-district disparity persisted (0.44%-25.20%). Monthly analysis revealed
significant improvements in January (p = 0.003), February (p < 0.001), and June (p = 0.023). A total of 931 DBS
samples were rejected, with the distribution of rejection causes shifting significantly (p <0.001). The rejection type
of “small sample” decreased from 16.8% to 7.9%, while samples with “hemolysis” increased from 20.0% to 29.2%.

Conclusion: While overall rejection rates remained stable, the newborn screening (NBS) program drove a
significant structural transition in preanalytical error patterns—successfully reducing basic collection errors while
encountering an emerging vulnerability in specimen handling (hemolysis). These novel insights demonstrate that
scaling up NBS in low- and middle-income countries requires a strategic evolution from universal training to data-
driven, precision quality interventions.

Keywords: congenital hypothyroidism, dried blood spot testing, preanalytical error, specimen quality, quality
improvement, low-middle income country

DBS rejection carries both clinical and operational
significance; repeat collection can delay diagnosis and
treatment, increase parental anxiety, and add avoidable

INTRODUCTION

Congenital hypothyroidism (CH) is a leading cause of
preventable intellectual disability. The adverse effects of CH on
neurodevelopment can largely be avoided through timely
diagnosis and treatment. Newborn screening (NBS) is a crucial
public health strategy for the early detection of CH. This
screening relies on measuring thyroid-stimulating hormone
(TSH) levels in dried blood spot (DBS) specimens collected on
filter paper [1]. The pre-analytical phase is particularly
susceptible to laboratory errors. This phase encompasses
blood collection, drying, transportation, and storage.
Specimens that are insufficient in quantity, incompletely
absorbed, exhibit overlapping spots or compression marks,
show signs of hemolysis, or are mishandled can yield unreliable
data. Suchissues lead to sample rejection, necessitating repeat
collection [2, 3].

workload and costs to the screening system [4]. Studies
confirm that DBS quality issues vary widely. It was reported
striking inter-institutional differences regarding the rates of
unsuitable specimens and the predominant types of defects.
These findings underscore the need for continuous quality
monitoring and targeted feedback [5]. A 2024 multicenter
assessment of NBS laboratories in the UK revealed significant
inconsistencies in the application of DBS acceptance and
rejection criteria, highlighting the importance of standardized
quality assessment [6]. Experimental evidence published in
2025 indicates that inadequate drying can significantly reduce
the concentration of NBS analytes, demonstrating that
specimen quality is also influenced by proper post-collection
handling [7].

These challenges can be particularly acute in low- and
middle-income countries (LMICs). Large-scale screening
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networks must operate across geographically dispersed
facilities  characterized by diverse infrastructure,
transportation conditions, and levels of personnel experience.
Knowledge and skill gaps vary across regions. Previous studies
have largely focused on the analytical consequences of poor-
quality DBS specimens, acceptance criteria, or quality patterns
within specific institutions. Evidence from real-world practice
regarding how DBS rejection patterns evolve over time during
the expansion of large-scale NBS programs in LMICs remains
limited. Few studies have simultaneously evaluated temporal
trends, geographic variability across administrative regions,
and the characteristics of rejected specimens at the individual
level. It remains unclear whether the expansion of screening
coverage is accompanied by sustained improvements in
specimen quality or, conversely, a shift in the predominant
types of pre-analytical errors. East Java is a highly populous
province. It provides a relevant setting to address these gaps
through an NBS network that spans diverse geographic areas
and is coordinated by 38 district/city health offices. This study
compares DBS sample rejection patterns between 2024 and
2025, based on over 770,000 newborn TSH screening tests. We
evaluated changes in rejection outcomes at the district level
and on a monthly basis. We analyzed a randomly selected
subset of rejected samples to identify newborn demographic
characteristics and specific causes of rejection. This study aims
to clarify how pre-analytical vulnerabilities evolve during large-
scale NBS expansion. It also seeks to generate evidence to
inform more targeted, data-driven quality improvement
strategies in resource-limited settings.

MATERIALS AND METHODS

Study Design and Setting

This was a retrospective, comparative study utilizing
secondary data from the East Java Provincial Health Office’s
neonatal screening program. This study used all DBS data
submitted to Dr. Soetomo General Academic Hospital for TSH
analysis over a two-year period (January 1, 2024, to December
31, 2025). The Clinical Pathology Laboratory of Dr. Soetomo
General Academic Hospital used DELFIA (GSP Revvity) and
TRFIA (AyoTes AT2000) platforms for neonatal TSH screening.
The data collected were then analyzed at the district level (38
District Health Offices across East Java). For each district, the
total number of DBS tests performed, the number of samples
rejected by the laboratory, and the number of samples
accepted were recorded. A sub-analysis was also conducted at
the individual patient level, including a subset of 931 rejected
samples (524 from 2024 and 407 from 2025). A total of 931 reject
samples were selected using random sampling. For these
cases, the following variables were extracted: gestational age
at birth (weeks), birth weight (grams), sex, birth multiplicity
(singleton, twin, etc.), and the primary reason for sample
rejection as documented by the laboratory.

Rejection criteria are based on standard operational
procedures in accordance with the CLSI NBS01-A6 guideline,
which include insufficient blood volume (spot diameter < 8
mm), multiple layers of blood (multi-spotted), serum rings,
clotting, evidence of hemolysis (lysis), improper compression
(compressed), or a broken filter paper [8].

Total DBS Samples (2024 and 2025)
N = 770,854
1

[ 1
2024 2025

N =372,454 N = 398,400
L ! ! -
Accepted Samples Rejected Samples Accepted Samples Rejected Samples
N = 353,020 N =19,434 N =379,474 N =18,926
Proceed to Subset Proceed to Subset
“— laboratory analyzed “— laboratory L analyzed
analysis (N =524) analysis (N = 407)

Figure 1. Flowchart of DBS samples included in the neonatal
congenital hypothyroidism screening program in East Java,
Indonesia during 2024-2025 (created by the authors using the
original research data, 2026)

Statistical Analysis

The distribution of the data was first assessed. The primary
outcome variables (total number of rejected samples per
district and the percentage of rejected samples per district)
were found to be non-normally distributed (Shapiro-Wilk test,
p < 0.001). Consequently, non-parametric statistics were
employed. Data are presented as median and interquartile
range (IQR) for continuous variables. To compare the paired
data from the same 38 districts between 2024 and 2025, the
Wilcoxon signed-rank test was used. This test was applied to
the total number of rejected samples per district, the total
number of accepted samples per district, the percentage of
rejected samples per district, the monthly percentage of
rejected and accepted samples per district.

For the individual-level sub-analysis, the Mann-Whitney U
test was used to compare continuous, non-normally
distributed variables (gestational age and birth weight)
between groups (2024 vs. 2025; male vs. female). To compare
categorical variables (gender, birth multiplicity, and reason for
rejection) between years, the chi-square test was used. A p
value of less than 0.05 was considered statistically significant.
Data were compiled and analyzed using IBM SPSS statistics
version 29.0 for Windows.

RESULTS

Demographic and Sample Characteristics

A total of 372,454 individual DBS screening samples were
performed, with 19,434 samples (5.22%) rejected in 2024.
Furthermore, in 2025, the sample volume increased to 398,400
samples in total, with 18,926 (4.75%) rejected. This represents
a 7.0% increase in screening coverage. In 2024, the rejection
rate across districts ranged from 0.44% to 25.20%. The
rejection rate was between 1.38% and 17.71% in 2025. Two
districts, Situbondo and Tuban, consistently showed high
rejection rates (> 15%) in both years (Figure 1).

In fact, the median number of rejected samples per district
decreased significantly from 373.00 (IQR: 140.00-1789.00) in
2024 to 359.50 (IQR: 48.00-1847.00) in 2025 (p = 0.004).
Conversely, the median number of accepted samples
increased significantly from 8,132.00 to 9,161.50 (p = 0.004).
The regencies or cities that successfully reduced their rejection
rates by the third highest percentage from 2024 to 2025 were
Sampang Regency (13.57% to 2.38%), Situbondo Regency
(25.2% to 16.4%), and Pamekasan Regency (14.01% to 8.02%).
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Figure 2. Rejection rate (%) comparison in 2024 and 2025 from
Dr. Soetomo General Academic Hospital Surabaya Indonesia)

Table 1. Comparison of DBS sample
acceptances per district (2024 vs. 2025)
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Each District and City in East Java, Indonesia (Swalab Aplication of

Table 2. Monthly comparison of DBS rejection rates (%), 2024
vs. 2025

Variable Year N (districts) Median (IQR)

p*

2024 median % 2025 median %

*
Total 2024 38 373.00(140.00-1789.00) Month rejection (IQR) rejection (IQR) P
rejected 2025 38 359.50 (48.00-1847.00) : January 5.13(0.42-21.54) 1.87(0.00-21.01) 0.003
Total 2024 38 8132.00 (2127.00-28722.00) 0.004 February 4.51(0.00-26.37) 1.82(0.00-17.95) <0.001
accepted 2025 38 9161.50 (1332.00-28906.00) : March 3.91(0.00-27.33) 2.32(0.00-21.54) 0.249
Rejection 2024 38 4,07 (0.32-33.69) 0243 April 4.02 (0.00-25.78) 2.75(0.00-18.93) 0.789
rate (%) 2025 38 3.61(1.40-21.52) : May 3.31(0.00-28.60) 4,08 (0.16-19.20) 0.446
Note. *Wilcoxon signed-rank test June 3.22(0.00-28.35) 2.77 (0.00-15.33) 0.163**
July 3.45(0.00-29.63) 4.47 (1.55-21.72) 0.204
A comparison of the rejection rates of 38 cities and regencies in August 3.51(0.00-26.19) 5.21(1.89-22.34) 0.109
East Java Province in 2024 and 2025 is shown in Figure 2. September _ 2.21(0.00-29.02) 3.69(0.65-19.21) 0.232
October 2.72(0.00-33.14) 3.13 (0.00-16.47) 0.822
Table 1 showed median rejection rate across  November 2.93 (0.00-32.50) 2.12(0.00-15.54)  0.071
cities/regencies that decrease in 2024 and 2025 from 4.07% to  December 2.32(0.00-22.59) 1.94 (0.00-19.89) 0.722

3.61%. It was not statistically significant (p = 0.243). Rejected
specimens median absolute number per cities/regencies
decreased from 373.0 to 359.5 significantly (p = 0.004). The
median number of specimens accepted increased significantly.
These findings are not contradictory because the total
screening volume increased by 7.0% from 2024 to 2025. The
changes in absolute numbers and proportional rejection rates
reflect different denominators. It need to be interpreted
separately. Significant decreases in the rejection rate were
observed in January (p =0.003), February (p <0.001), and June
(p = 0.023). These changes were not statistically significant in
the other months (Table 2).

Sub-Analysis of Rejected Samples

The median gestational age was 39 weeks for rejected
samplesin both years, with no significant difference (p=0.517).
The median birth weight of infants with rejected samples was
significantly lower in 2024 (3,000 g, range 750-4,700) compared

Note. *Wilcoxon signed-rank test comparing 2024 and 2025 for each
month & **the p for the corresponding “acceptance” rate in June was
significant (p = 0.023)

to 2025 (3,045 g, range 500-5,230) (p = 0.036). The distribution
of sex (p = 0.669) and plurality (p = 0.169) among rejected
samples did not differ significantly between the two years
(Table 3).

The distribution of rejection reasons changed significantly
between 2024 and 2025 (p < 0.001). The most notable changes
were “too small (<8 mm)”, decreased sharply from 16.8% (n =
88) of all rejections in 2024 to just 7.9% (n = 32) in 2025. “Multi-
spotted” decreased from 12.0% (n = 63) to 4.9% (n = 20). “Lysis”
(hemolysis) increased substantially from 20.0% (n = 105) to
29.2% (n = 119), becoming the second most common reason in
2025. “Not completely soaked” remained the most common
reason, increasing slightly from 48.7% to 53.1%. (Table 3 and
Figure 3).
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Table 3. Demographic and clinical characteristics of neonates
with rejected DBS samples (N =931)

Table 4. Comparison of neonatal characteristics by sexamong
rejected DBS samples (N =931)

Parameter (NT: t9a3l1) (N2=0 224) (N2=0 12127) Parameter Male (N =489) Fem;l:)(N - P
Gestational age Gestational age (weeks) , )
(weeks), median 39(20-43) 39(20-43) 39(24-42) 0.517° median (range) 39 (24-43) 39 (20-43) 0.648
(range) Birth weight (grams) , 3,080 (500- 3,000 (750- 0.005°
Birth weight . 3,000 (500- 3,000 (750- 3,045 (500- ) median (range) 5,230) 4,700) :
(grams), median 5.230) 4.700) 5.230) 0.036 Year, n (%) 0.669
(range) 2024 272 (55.6) 252 (57.0)
Sex, n (%) 0.669 2025 217 (44.4) 190 (43.0)
Male 489 (52.5) 272(51.9) 217(53.3) Reason for rejection, n (%) 0.789°
Female 442 (47.5) 252(48.1) 190 (46.7) Too small (<8 mm) 58 (11.9) 62 (14.0)
Plurality, n (%) 0.169° Compressed 2(0.4) 4(0.9)
Singleton 917(98.5) 514(98.1) 403 (99.0) Clotting 11(2.2) 9(2.0)
Twin 13(1.4) 10(1.9) 3(0.7) Multi-spotted 43(8.8) 40 (9.0)
Triplet + 1(0.1) 0(0.0) 1(0.2) Not completely 245 (50.1) 226 (51.1)
Reason for <0.001° soaked
rejection, n (%) Lysis (hemolysis) 126 (25.8) 98 (22.2)
Toosmall(<8 120(12.9) 88 (16.8) 32(7.9) Broken : 1.1(0.8) 3(0.7)
mm) Note. 2Mann-Whitney U test & °Chi-square test
Compressed 6(0.6) 2(0.4) 4(1.0)
f/ll:)ltttil-r;,gaotted zg g;; 6130((12?())) ;g 83; though the overall rejectifm 'rate rema'!r!ed statistically §table
Not completely (p = 0.243). These data indicate significant progress in the
soaked 471(50.6) 255(48.7) 216 (53.1) overall quality and efficiency of the preanalytical phase, as
Lysis 24240 1050200 119292 reducing rejections means fewer babies needing retesting,
(hemolysis) : : : resulting in faster time to diagnosis, reduced morbidity and
Broken 7(0.8) 1(0.2) 6(1.5) mortality, and improved health care delivery. However, the

Note. Mann-Whitney U test & °Chi-square test

Broken

Lysis (Hemolysis)

Not completely soaked
Multi-spotted

Clotting

Compressed

Too small (<8mm)

0 10 20 30 40 50 60

2025 (%) ®2024 (%)

Figure 3. Comparison of DBS sample rejection categories East
Java neonatal screening program 2024 vs. 2025 (created by the
authors using the original research data, 2026)

A comparison of all rejected samples by sex revealed a
significant difference in birth weight. Female infants with
rejected samples had a significantly lower median birth weight
(3,000 g, IQR: 750-4,700) compared to male infants with
rejected samples (3,080 g, IQR: 500-5,230) (p = 0.005). No other
significant differences were found between males and females
regarding year of rejection, plurality, or the distribution of
rejection causes (Table 4).

DISCUSSION

This study presents an analysis of DBS sample quality in a
large-scale neonatal screening program. During the two-year
evaluation of East Java’s NBS expansion, total screening
volume rose by 7.0% alongside a significant reduction in
median district-level absolute rejections (p = 0.004), even

stable rejection percentage underscores that program
expansion presents ongoing challenges, requiring sustained
efforts to further reduce the error rate [9]. Furthermore,
individual-level data analysis highlights the importance of
designing next-generation interventions, where significant
shifts in error types provide critical insights.

The significant reduction in “too small ( < 8 mm)” and
“double spot” samples from 2024 to 2025 is evidence of
success. These errors are known to be classic indicators of
inexperienced/in hasty drawing, resulting in failure to fill the
loop completely or attempting to layer blood to compensate
for an insufficient first drop. The significant improvements in
these specific categories strongly suggest that the basic
training on “how to fill a circle” has been effective and has
reached a large number of midwives and sample collectors.
The significant improvements seen in January, February, and
June may well correlate with the timing of such training cycles.

However, the opposite trend is occurring with a significant
increase in the number of samples rejected due to “lysis”
(hemolysis). This phenomenon is a major cause for concern.
This suggests that as collectors have mastered the basics of
filling a circle, new or different errors are emerging. Hemolysis
in DBS samples is often caused by excessive squeezing of the
heel, prolonged contact with alcohol used for antisepsis before
it dries, or improper drying and transport of the sample card.
This finding indicates that training programs must now evolve
beyond the fundamentals. They must incorporate more
advanced content on proper capillary blood collection
technique to prevent hemolysis, as well as reinforce correct
post-collection handling.

Demographic analysis of rejected samples found that, in
2024, rejected samples came from infants with a statistically
significantly lower birth weight. This suggests that sample
collectors face greater challenges with smaller, potentially
more vulnerable newborns. It may be technically more difficult
to obtain adequate capillary samples from low birth weight
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Table 5. Multidimensional quality improvement framework applied to East Java NBS program

Dimension Quality indicator

2024 finding

2025 finding Interpretation & action

Structural Inter-district range of rejection rates

0.44%-25.20%

Persistent disparity; requires targeted

1.38%-17.719 . . .
38% & infrastructure/logistics support for outliers

Process (basic) % rejections due to “too small” 16.8%

7.9% Success: Basic training effective

Process (advanced) % rejections due to “lysis” 20.0%

Emerging challenge: Training must evolve

0,
29.2% to address hemolysis

Outcome Median rejection rate (IQR)

4.07% (0.32-33.69)

Modest, non-significant improvement; next

0, -
3.61% (1.40-21.52) gains require advanced interventions

Birth weight difference (rejected

Patient-level samples, 2024 vs. 2025)

3,000 g

LBW infants may have been at higher risk in

3,045g (p =0.036) 2024; improvement seen in 2025

(LBW) infants without excessive pressure on their feet (which
can cause hemolysis, edema, or injury). The fact that this
difference disappeared in 2025 may indicate an increased
awareness and skill in handling LBW infants, possibly as a
result of the same training that reduced the “too small” errors.

The sex-based analysis provides a further, and somewhat
surprising, insight. Among all rejected samples, female infants
had a significantly lower birth weight than males. Given that
male newborns are, on average, heavier than females, this
finding may simply reflect the normal physiological
distribution. However, it raises the question of whether the
very smallest and most vulnerable infants (who are
disproportionately female) are at the highest risk of sample
rejection. This hypothesis requires further research, as delayed
CH diagnosis has been shown to have more severe
consequences in this group.

The persistent and wide variability in data between
districts highlights a major issue. The gap between the best-
and worst-performing districts is substantial. The data show
that some districts consistently had refusal rates above 10% in
both years. This is not a new phenomenon in NBS. Several
studies from other LMICs have also identified geographic and
infrastructure differences that contribute to preanalytical
errors, such as inadequate transportation of samples and lack
of trained personnel, which can exacerbate refusal rates in NBS
[10-12]. Districts/cities in East Java with consistently high rates
of rejection, such as Situbondo, Tuban, and Bangkalan, likely
face systemic challenges. Such issues could be due to a higher
proportion of rotation of health workers, greater difficulty in
transporting samples from remote areas to health facilities, or
a higher turnover rate of health staff responsible for sample
collection.

The analysis by month reveals important insights into the
timing and potential drivers of quality improvement. The
significant increase in January and February 2025 compared to
the same period in 2024 is particularly noteworthy. This may be
related to the scheduling of the NBS refresher training
program. This improvement is indicated by the fact that the
East Java Health Office or partner organizations held large-
scale training sessions for midwives and sample collectors in
late 2024, with the most visible impact in the following months,
namely, early 2025. This “training effect” appears to wane in
March, as subsequent months did not show significant
improvements. A similar trend occurred in June, which may
also correlate with a separate mid-year training cycle (early
June is the month of the NBS campaign) or a specific quality
improvement campaign.

Table 5 shows the operational strategies identified from
the analysis to reduce sample rejections and increase coverage
in NBS across districts. First, monitoring and improved
resource allocation should be focused on districts/cities with

consistently lower performance than expected targets and
compared to other districts. The goal is to better understand
the situation on the ground and better address operational
challenges in these districts. Second, disseminating practical
guidelines and tools for DBS collection is crucial, particularly
for premature and low-birth-weight infants. The challenges in
collecting samples in these cases are greater than in full-term
infants.

This study demonstrates the importance of implementing
a continuous quality improvement (CQI) approach, which
involves not only one-time or episodic training but also a
system that incorporates regular performance feedback, peer
learning, and short, periodic educational reinforcement
activities. More appropriate corrective action will be achieved
by implementing a structured system for detailed root cause
analysis of rejected samples and systematically documenting
and categorizing the underlying causes of rejections. Finally,
the research data concludes that there is a need for digital
device integration, including the exploration of mobile health
(mHealth) applications that can facilitate timely training,
provide checklist guidance, and enable real-time photo-based
quality verification of DBS cards before they are sent to the
laboratory, thus reducing rejection rates in the future. These
programmatic measures collectively reflect the operational
responses derived from the data analysis to strengthen the
overall quality of the screening process (Table 5).

The lack of significant improvement over most of the year
(9 out of 12 months) highlights the important lesson that
episodic training is not sufficient to maintain high-quality
performance, necessitating ongoing local (primary healthcare
center) training for midwives/traditional midwives. The data
suggest a “decay” in skills or knowledge over time. This aligns
with implementation science principles, which advocate for
CQI methodologies, including regular audits, feedback loops,
on-site mentoring, and low-dose, high-frequency refresher
education, rather than one-off training events [13, 14].

From a laboratory perspective, these findings demonstrate
the importance of monitoring preanalytical quality indicators.
The DBS rejection rate is the best and most easily measured
metric, reflecting the effectiveness of the entire screening
chain, from collection to transport. District-specific and
monthly data, when combined with local health offices, can
foster ownership and motivate targeted interventions. For
example, districts with consistently high rejection rates should
be prioritized for supportive surveillance and root cause
analysis.

This study has several limitations. Individual-level data
may not be fully representative. The limitation is because we
were unable to link rejected samples to specific districts of
origin or health facility types, which would have allowed us to
contextualize demographic findings with district-level
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performance data. Reasons for rejection were based on
laboratory staff assessments of the samples, and although
standardized, some degree of subjectivity may exist.

CONCLUSION

The two-year evaluation of East Java’s NBS expansion
demonstrates substantial program progress, marked by a
significant reduction in the absolute number of rejected
samples alongside a 7% increase in screening coverage.
However, marked inter-district disparities and monthly
performance fluctuations indicate that expanding coverage
alone is insufficient without sustained quality control.
Addressing these gaps requires transitioning from episodic
training to a CQI framework—incorporating targeted oversight
for high-rejection districts, tailored protocols for vulnerable
low-birth-weight infants, and digital tools for real-time sample
verification prior to transport. Ultimately, strengthening these
operational mechanisms is critical to minimizing preventable
preanalytical errors, accelerating time to diagnosis, and
ensuring the long-term sustainability of large-scale neonatal
screening in low- and middle-income settings.
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