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ABSTRACT Quantitative RT-PCR (qRT-PCR) is essential for monitoring hepatitis delta
virus (HDV) RNA, yet assays lack standardization. We aimed to evaluate the performance
of three qRT-PCR assays and to assess the impact of a pre-analytical thermal shock
procedure. We conducted a comparative study using 206 samples (106 with anti-HDV
antibodies and 100 anti-HDV-negative as a control group), which were tested in parallel
with three gRT-PCR assays: Vircell, Certest, and Altona. Performance was evaluated
for inter-assay agreement (kappa index), quantitative correlation (R?), and bias (Bland-
Altman). Altona detected 56 HDV-RNA positive samples, whereas Vircell and Certest
detected 55 positive samples. Inter-assay agreement was perfect comparing Vircell vs
Certest (agreement = 100%, k = 1.000) and almost perfect comparing Altona with both
Vircell and Certest (agreement = 99.5%, k = 0.988). Quantitatively, Vircell and Certest
assays showed relevant systematic biases compared to Altona, overestimating viral loads
by approximately 0.24 logyg International Units (IU)/mL (Certest) and 0.33 logq IU/mL
(Vircell). The correlation with Altona was strong for Certest (R*> = 0.864) and moderate for
Vircell (R?> = 0.793), while the correlation between Certest and Vircell was weaker (R* =
0.720). Thermal shock improved sensitivity in one case (Certest vs Vircell) but increased
quantitative variability, worsening the inter-assay correlation (R* = 0.684). In conclusion,
all three assays were highly concordant for the qualitative diagnosis of HDV infection,
but their quantitative biases prevent their interchangeable use for treatment monitoring.
Thermal shock is not recommended for routine monitoring, as a significant compromise
in quantitative accuracy and precision outweighs any potential gains in sensitivity.

IMPORTANCE This study evaluates three hepatitis delta virus (HDV) RNA quantitative
real-time PCR (qRT-PCR) assays, crucial for managing the HDV infection, particularly
in the setting of new therapies like Bulevirtide, where assessing viral load reduction
and accurate monitoring is paramount. We reveal significant quantitative biases among
widely used assays, precluding their interchangeable use and risking misinterpretation
of treatment response. Furthermore, our systematic assessment of the thermal shock
pre-analytical procedure highlights its detrimental impact on quantitative precision,
despite modest sensitivity gains. This work provides essential evidence for clinicians
and laboratories, guiding assay selection and standardization efforts to optimize HDV
diagnosis and patient monitoring.
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H epatitis D virus (HDV), a unique RNA pathogen dependent on the hepatitis B
surface antigen (HBsAg), causes a highly aggressive form of viral hepatitis, rapidly
accelerating progression to cirrhosis and hepatocellular carcinoma (1). Despite its clinical
severity, the global burden of HDV is poorly understood, with prevalence estimates
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differing dramatically from 12 million to over 70 million people worldwide (1-4). This
highlights the critical role of reliable diagnostic assays in both clinical management
and accurate epidemiological surveillance.

Adding to the challenge of managing this global pathogen is its considerable genetic
diversity. HDV is classified into eight distinct genotypes, each with a specific geograph-
ical distribution: genotype 1 is ubiquitous, while others are more restricted, such as
genotype 3 in South America and genotypes 5-7 in parts of Africa (1, 5). This genetic
heterogeneity, coupled with the virus's highly stable, rod-like secondary RNA structure,
poses a significant challenge for molecular diagnostic assays, as primers and probes
must reliably detect and quantify all circulating variants to ensure accurate diagnosis
and effective treatment monitoring (6). Failure to account for this complexity can lead
to false-negative results or inaccurate viral load measurements, directly compromising
patient care (7). This is particularly relevant in an interconnected world where diverse
genotypes may be encountered outside their traditional endemic regions.

The approval of Bulevirtide, a first-in-class entry inhibitor, has revolutionized the
treatment landscape for chronic HDV (8, 9). This marks a significant advance over
previous therapies like pegylated interferon alpha, which offered low rates of sustained
virologic response (25%-30%) (9, 10). The efficacy of Bulevirtide is monitored by
measuring a significant reduction in HDV RNA, typically defined as a decline of >2
logjp International Units (IU)/mL or achieving undetectable RNA levels (8-11). This
new therapeutic paradigm has shifted quantitative real-time PCR (gRT-PCR) from a
simple diagnostic tool to an essential component of clinical decision-making, making
the accuracy and reliability of viral load measurements more critical than ever. In
this context, even modest, systematic biases between assays—such as those of 0.3 to
0.5 logqg IU/mL—could lead to the misinterpretation of virologic response, potentially
resulting in premature discontinuation or unnecessary continuation of therapy.

Additionally, a notable lack of standardization, with no Food and Drug Administra-
tion-approved assays and only a limited number of Conformité Européenne (CE)-marked
in vitro diagnostics (6), has led to significant inter-assay variability (12). Consequently,
many clinical laboratories rely on research-use-only (RUO) kits, whose performance can
vary. This challenge is further complicated by pre-analytical procedures, such as the
debated “thermal shock” procedure, a heating step proposed to improve RNA denatura-
tion and quantification, by disrupting HDV RNA secondary structure before amplification
(7, 13). The lack of consensus on both the choice of assay and optimal pre-analytical
protocols creates a significant risk of inconsistent results, directly impacting patient
management.

This diagnostic gap underscores an urgent need for head-to-head comparisons of
available assays and clarification on the utility of pre-analytical steps like thermal shock.
Therefore, this study aimed to compare the agreement and quantitative performance
of three RUO qRT-PCR assays (VIASURE HDV q Real-Time PCR Detection Kit [Certest];
Hepatitis Delta Real-time PCR kit [Vircelll; and AltoStar HDV PCR Kit 1.5 [Altonal).
Concurrently, we systematically evaluated the impact of a pre-analytical thermal shock
procedure on HDV RNA quantification.

MATERIALS AND METHODS
Study design and samples

This cross-sectional single-center study included 206 participants with a cryopreserved
at —80°C serum (n = 150) or plasma (n = 56) sample collected between July 2021 and
September 2024. We divided samples into two groups: (i) an HDV-positive group (n
= 106) consisting of HBsAg-positive and anti-HDV-positive patients. Among these, 56
(52.8%) were coinfected with HIV; (ii) a control group (n = 100) comprising 50 HBsAg-
negative individuals and 50 HBsAg-positive/anti-HDV-negative individuals. The samples
were obtained from three Spanish hospitals: Hospital Universitario Principe de Asturias,
Hospital General Universitario Gregorio Maraién, and Hospital Universitario Virgen de
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Valme. All laboratory procedures were performed between September and November
2024 at Hospital Universitario Principe de Asturias. To minimize pre-analytical variability,
all aliquots used for this study were subjected to a single freeze-thaw cycle.

The study was approved by the Ethics Committee of the Hospital Universitario
Principe de Asturias (Ref: LIB 18/2023). It adhered to the ethical principles of the
Declaration of Helsinki and was conducted according to the Standards for Reporting
Diagnostic Accuracy (STARD) guidelines (14) (Table S1).

Laboratory assays
Serologic assays

HBV and HDV serological tests were performed using two assays based on chemilumi-
nescence immunoassay technology. HBsAg was detected with the HBsll assay (Siemens
Healthineers, Erlangen, Germany), and anti-HDV antibodies were detected with the
Liaison XL murex Anti-HDV assay (DiaSorin, Saluggia, Italy).

Molecular assays

Nucleic acids were extracted from 400 pL of each sample using the MagCore HF16
system (Werfen, Barcelona, Spain) with a no. 203 high-sensitivity cartridge. The final
elution volume was 40 pL.

RT-PCR was performed on a CFX Opus 96 Real-Time PCR System (Bio-Rad, California,
USA). We compared the following three RUO assays: (i) VIASURE HDV q Real-Time PCR
Detection Kit (Certest, Zaragoza, Spain); (ii) Hepatitis Delta Real-time PCR kit (Vircell,
Granada, Spain); (iii) AltoStar HDV PCR Kit 1.5 (Altona Diagnostics, Hamburg, Germany).
For performance details of each assay, see Table 1. All assays employed quantification
standards that were calibrated against the first WHO International Standard for Hepatitis
D Virus RNA for Nucleic Acid Amplification Techniques-based assays (PEl code: 7657/12).

All assays were evaluated against each other, and all procedures followed the
manufacturer’s instructions.

TABLE 1 Performance details for each qRT-PCR assay evaluated in this study”

VIASURE HDV q real-time Hepatitis Delta real- AltoStar HDV
PCR detection kit (Certest) time PCR kit (Altona)
PCR kit (Vircell)

Target genomic region ribozyme region HDAg-L gene Not specified in the
IFU
Limit of detection 157.85 IU/mL (EDTA-plasma) 23 1U/mL 1.121U/mL
68.36 IU/mL (serum)
Range of quantification 2.5 % 10°-2.5 x 10° IU/mL (EDTA- 1.0x10*-1.0x 10" IU/mL 1.0x 10*-1.0x 107
plasma) 1U/mL
6.9 % 10°-6.9 x 10° IU/mL (serum)
Internal control Endogenous internal control to Exogenous internal Exogenous internal

monitor sample extraction and PCR  control to monitor PCR  control to monitor

reaction reaction PCR reaction
HDV genotypes detected ~ 1-8 1-8 1-8
Sample input volume (uL) 5 5 45
Validated sample matrices Human EDTA plasma and serum Human EDTA plasma Human EDTA
and serum plasma and serum
Reagent format Lyophilized Lyophilized Liquid
Storage conditions Room temperature 2°Cto 8°C —25°Cto -15°C

(avoid repeated
freeze/thaw)
Regulatory status RUO RUO RUO

?gRT-PCR, quantitative real-time polymerase chain reaction; RUO, research-use-only; IU, International Units; IFU,
instructions for use; HDV, hepatitis D virus; HDAg, hepatitis D antigen.
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Thermal shock procedure

In parallel with the standard workflow, we applied a thermal shock procedure to
extracted RNA aliquots to assess its potential to enhance HDV RNA quantification by
disrupting its secondary structure before amplification (7, 13, 15). The RNA eluates were
incubated at 95°C for 10 min and then immediately cooled at —20°C for at least 10 min.

HDV genotyping

HDV-RNA positive samples were genotyped by conventional PCR and Sanger sequenc-
ing. A 369 bp fragment of the RT coding region was amplified using the primers F: 5-CAT
GCCGACCCGAAGAGGAAAG-3’ and R: 5-GAAGGAAGGCCCTCGAGAACAAGA-3".

PCR was performed in 20 pL reactions containing 1 yL of HDV RNA and 0.2 pL of Ex
Taq HS (TaKaRa Bio, Tokyo, Japan). Thermal cycling conditions were an initial denatura-
tion at 95°C for 5 min; 40 cycles of 95°C for 45 s, 58°C for 45 s, and 72°C for 30 s; and a final
extension at 72°C for 5 min. PCR products were visualized by agarose gel electrophoresis.

Amplicons were then purified and sequenced. The resulting sequences were
manually assembled and edited using CodonCode Aligner software (CodonCode Corp.,
Dedham, MA). Genotypes were identified using the NCBI BLAST tool.

Statistical analysis

Continuous variables are presented as median and interquartile range (IQR), while
categorical variables are presented as counts and proportions. Group comparisons were
performed using the Mann-Whitney U test for continuous data. A two-tailed P value
<0.05 was considered statistically significant.

Agreement between assays was assessed using Cohen’s kappa coefficient (k). The
correlation of quantitative HDV RNA results (expressed as logyg IU/mL) between assays
was analyzed using Pearson’s correlation coefficient (R%. Bland-Altman plots were used
to assess systematic bias and the limits of agreement. For quantitative analyses (Pearson
and Bland-Altman), only samples with viral loads within the quantification range of the
assays were included.

All statistical analyses were performed using Stata version 19.5 (StataCorp LLC,
College Station, TX, USA). Figures were generated with GraphPad version 10.3.1
(GraphPad Software, Inc., San Diego, CA, USA).

RESULTS
Qualitative agreement results

All control group samples (n = 100) were negative across the three qRT-PCR assays.
Among the 106 samples from the HDV-positive group, the Altona assay detected HDV
RNA in 56 (52.8%), whereas the Vircell and Certest assays identified 55 (51.9%). The single
discordance occurred in a sample with a very low viral load (4.87 IU/mL, as quantified
by Altona). Vircell assay reported this sample as negative, while Certest assay yielded a
cycle threshold (Ct) value of 40.37, which was just above the assay’s positivity cutoff (Ct
< 40.00). Of the 56 HDV RNA-positive samples, genotyping was successful for 41, all of
which were identified as HDV genotype 1, with one sample further subtyped as 1d.

Vircell and Certest assays demonstrated perfect qualitative agreement (100%
concordance, k = 1.000). When compared to the Altona assay, both Vircell and Certest
showed near-perfect agreement, with an overall concordance of 99.5% and a Kappa
score of 0.988.

Quantitative results

For quantitative analysis, results were available for 51 of the 56 HDV RNA-positive
samples, as five samples were below the range of quantification for all assays. The
correlation and agreement between the assays are detailed in Fig. 1. Ten additional
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A: Correlation - Certest vs. Vircell B: Bland-Altman - Certest vs. Vircell
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FIG 1

comparison of viral load measurements (logjg IU/mL) from the three qRT-PCR assays. Panels A, C, and E are scatter plots

Correlation and Bland-Altman analyses between quantitative HDV RNA assays. The figure presents a pairwise

showing the correlation between assays. The dashed blue line represents the linear regression, with the corresponding
equation and coefficient of determination (R? displayed for each comparison. Panels B, D, and F are Bland-Altman plots
assessing the systematic bias. The Y-axis shows the difference between the two assays, while the X-axis shows their mean
value. The dotted black line indicates the mean difference (bias), with a value near zero suggesting a lack of systematic
disagreement between the assays. The dashed red and green lines represent the 95% limits of agreement (mean + 1.96 SD).
The specific comparisons shown are (A and B) Certest vs Vircell; (C and D) Certest vs Altona; and (E and F) Vircell vs Altona. HDV,

hepatitis D virus; IU, International Unit; R?, coefficient of determination; RNA, ribonucleic acid; SD, standard deviation.

samples for Certest and two for Vircell were excluded from pairwise quantitative
comparisons as their viral loads were outside the linear range of the respective assay.

The comparison between Certest and Vircell assays yielded the weakest correlation
(R* = 0.720; Fig. 1A). The corresponding Bland-Altman analysis revealed a small positive
mean bias of 0.238 logq IU/mL (Vircell-Certest), indicating that Vircell tended to report
slightly higher viral loads than Certest (Fig. 1B). Despite this bias, 90.2% of values fell
within the limits of agreement.

In contrast, the correlation between Certest and Altona assays was the strongest
(R* = 0.864; Fig. 1C). However, the Bland-Altman plot identified a relevant systematic
negative bias of —0.239 logjg IU/mL (Altona—Certest), indicating that Certest assay
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consistently reported higher viral loads than the Altona assay (Fig. 1D). Similarly, the
comparison between Vircell and Altona yielded a moderate correlation (R* = 0.793; Fig.
1E) and revealed a larger systematic negative bias of —0.334 logq IU/mL (Altona-Vircell),
confirming that the Vircell assay also yielded higher viral loads than Altona (Fig. 1F).
When comparing both Certest and Vircell to Altona, 92.2% of the measurements fell
within the limits of agreement.

Thermal shock results

The pre-analytical thermal shock procedure was performed on all 56 HDV RNA-positive
samples using the Vircell and Certest assays; insufficient sample volume precluded its
assessment with the Altona assay. The main results are summarized in Table 2 and Fig. 2.
Overall, the thermal shock procedure did not lead to statistically significant changes
in the median Ct values or median viral loads for either assay (all P > 0.65, Table
2). However, intra-assay analysis revealed that the procedure introduced considerable
quantitative variability. Although the correlations between the standard and thermal
shock procedures were strong for Certest (R* = 0.826; Fig. 2A) and moderate for Vircell (R?
= 0.721; Fig. 2C), the Bland-Altman plots demonstrated wide limits of agreement (Certest

: Correlation - Certest assay
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»
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FIG 2 Impact of a pre-analytical thermal shock procedure on HDV RNA quantification and inter-assay
agreement. This figure evaluates the intra-assay variability and inter-assay agreement after applying the
thermal shock procedure. Panels A, C, and E are scatter plots showing correlations. The dashed blue line
represents the linear regression, with the corresponding equation and coefficient of determination (R?
displayed for each comparison. Panels B, D, and F are Bland-Altman plots assessing systematic bias. The
Y-axis shows the difference between measurements, while the X-axis shows their mean value. The dotted
black line indicates the mean difference (bias), with a value near zero suggesting a lack of systematic
disagreement between the assays. The dashed red and green lines represent the 95% limits of agreement
(mean + 1.96 SD). The specific comparisons shown are (A and B) intra-assay analysis for Certest: compares
results from the standard vs thermal shock procedures. (C and D) Intra-assay analysis for Vircell: compares
results from the standard vs thermal shock procedures. (E and F) Inter-assay analysis post-thermal shock:

compares results from Certest vs Vircell after applying the thermal shock.

February 2026 Volume 64 Issue 2

Journal of Clinical Microbiology

10.1128/jcm.01517-25 6


https://doi.org/10.1128/jcm.01517-25

Downloaded from https://journals.asm.org/journal/jcm on 27 May 2026 by 195.234.59.71.

Full-Length Text

TABLE 2 Comparison of HDV RNA quantification metrics with and without a pre-analytical thermal shock
procedure®®

Thermal shock procedure

Variable gRT-PCR assay Yes No P value
Ctvalue Vircell 26.99 (23.05-30.75) 26.89 (23.36-30.28) 0.658
Certest 26.56 (22.56-34.42) 26.50 (22.78-36.10) 0.765
Viral load Vircell 4.17 (2.89-5.53) 4.17 (3.23-5.34) 0.697
(logyg IU/mL) Certest 4.53(2.41-5.53) 4.25(2.22-5.22) 0.700

aStatistics: all values are presented as median (IQR). The P values represent the statistical comparison between the
two conditions (with vs without thermal shock) for each variable.

bCt, cycle threshold; HDV, hepatitis D virus; IQR, interquartile range; gRT-PCR, quantitative real-time polymerase
chain reaction.

[bias = —0.0508; Fig. 2B] and Vircell [bias = —0.0508; Fig. 2D]), indicating inconsistent
effects on individual samples. Additionally, the Bland-Altman plot comparing the Vircell
and Certest assays post-thermal shock (Fig. 2F) showed a negligible mean bias (—0.0508
logig IU/mL). However, the analysis revealed wide limits of agreement, indicating
that the procedure introduced considerable random variability and resulted in poor
quantitative concordance between the two assays.

Crucially, this added variability impaired the quantitative agreement between the two
assays. The correlation coefficient (R?) between Certest and Vircell decreased from 0.720
with the standard procedure (Fig. 1A) to 0.684 post-thermal shock (Fig. 2E). Furthermore,
the post-thermal shock Bland-Altman analysis (Fig. 2F) confirmed an insignificant mean
bias (—0.0508 logg IU/mL) but revealed wide limits of agreement, demonstrating poor
quantitative concordance between the assays.

Thus, the stable median values masked a significant and heterogeneous impact
on individual samples. The procedure successfully achieved HDV RNA detection in
the single discordant sample in both assays (Vircell Ct = 38.16; Certest Ct = 38.80).
Moreover, it induced a substantial viral load increase (>0.5 logqg IU/mL) in a notable
subset of samples (19.1% for Certest and 24.5% for Vircell). These findings highlight the
procedure’s capacity to improve detection in low-viremia cases but also underscore the
unpredictable variability it introduces, compromising its utility for reliable quantification.

DISCUSSION

This study confirms that while Vircell, Certest, and Altona HDV RNA assays are relia-
ble for initial diagnosis, they exhibit relevant quantitative biases that preclude their
interchangeable use for monitoring treatment response. Our key findings highlight
an excellent qualitative concordance between assays, but systematic overestimation
of viral loads depending on the comparator assay. Furthermore, we demonstrate that
the pre-analytical thermal shock procedure, while potentially enhancing sensitivity in
low-viremia cases, introduces unacceptable quantitative variability, compromising its
utility for routine clinical use.

The high agreement of Vircell, Certest, and Altona assays is a crucial and useful
finding for diagnostic laboratories. Certest and Vircell assays showed perfect agreement
between them and almost perfect agreement with Altona (k = 0.988). This is consistent
with recent literature reporting high concordance among different commercial assays
(12). The single discrepancy observed was a sample with a very low viral load (4.87
IU/mL by Altona), which fell below the detection limit of Vircell and Certest (see Table 1).
This highlights that while these assays are highly reliable for diagnosing active infection,
minor differences in analytical sensitivity can affect results at the threshold of detection,
a point also raised in other assay comparisons (16). This high degree of accuracy is
fundamental for clinical practice, as it allows clinicians to confidently rule in or rule out
active HDV infection, which is the first critical step in patient management.

While qualitatively reliable, our quantitative analysis revealed that both Certest and
Vircell assays systematically overestimate HDV RNA levels compared to the Altona
assay. We identified a relevant negative bias of —0.239 logjg IU/mL (Altona—Certest)
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and —0.334 logqg IU/mL (Altona-Vircell), indicating that Certest and Vircell report viral
loads higher than Altona, respectively. This situation could be due to differences in the
target HDV genomic region (see Table 1) or primer composition, which imply different
amplification efficiencies. Additionally, it is important to note that in the absence of
a true gold standard, Altona may underestimate viral loads. Nonetheless, this finding
of systematic overestimation could be significant and aligns with other studies that
underscore inter-assay variability as a major challenge in HDV management (16, 17).
These discrepancies could have direct clinical implications. For patients on therapies
like Bulevirtide, where virologic response is often defined by a >2-logqg decline in
viral load (8, 9, 17), a systematic bias of over 0.3 logjg IU/mL could not be merely a
statistical nuance but a quantitatively significant discrepancy. It could potentially lead to
the misclassification of a patient’s response to therapy, for instance, making a non-res-
ponder appear to have achieved a partial virologic response. Given that integrated
patient management depends on factors like liver function tests and clinical status,
these quantitative discrepancies highlight the need for platform consistency to avoid
ambiguity when defining virological milestones. In line with this, our results strongly
reinforce the recommendation that sequential monitoring of a patient’s HDV RNA must
be performed with the same assay to mitigate this critical inter-assay variability (12, 16,
17).

A novel aspect of our study was the systematic evaluation of a pre-analytical
thermal shock. This pre-analytical step does not align with the HDV RNA package
inserts recommendations. However, to enhance gRT-PCR efficiency, some authors have
theorized that pre-treating the RNA eluate is a critical step. Due to its high GC content
(~70%), the HDV genome forms a complex secondary structure that can hinder primer
binding to the target region (18). The rationale is that a thermal shock denatures this
structure, improving quantification. In line with this hypothesis, previous reports showed
that this procedure could enhance sensitivity (7). Other studies using Qiagen and Vircell
assays also reported improved HDV RNA quantification, with mean Ct reductions of
2.11 and 1.34, respectively, confirming enhanced sensitivity with this procedure (19).
Our results, however, paint a more complex picture. We observed that it successfully
converted the single discordant sample from negative to positive in both assays and
induced a clinically relevant viral load increase (>0.5 logig IU/mL) in a substantial
subset of samples (19.1% for Certest and 24.5% for Vircell). However, this potential
benefit was offset by a notable increase in quantitative variability and a decrease in
inter-assay agreement. Crucially, the correlation between Certest and Vircell worsened
after applying thermal shock (R* decreased from 0.720 to 0.683). This indicates that the
procedure’s effect is not uniform and can amplify existing differences between assays. As
these assays detect different regions of the HDV genome, thermal shock could expose
some RNA regions more than others, which could explain this differential performance
between assays (for example, if the Vircell assay target is located in an area with a more
complex secondary structure, thermal shock could differentially affect that assay more
than Certest, increasing the difference in quantification results as compared to Certest).
Therefore, our data suggest that any potential benefit in sensitivity is outweighed by a
critical loss in quantitative precision and a differential performance depending on the
assay employed, making its routine implementation for treatment monitoring inadvisa-
ble.

Limitations and strengths

This study has several limitations. First, our sample cohort was restricted to HDV
genotype 1, which is predominant in our region. Although our findings may not be
directly generalizable to other genotypes, current evidence suggests no significant
variations in viral load quantification between different HDV genotypes (6), potentially
mitigating the impact of this limitation. Second, due to sample volume constraints,
we could not evaluate the effect of the thermal shock procedure on the Altona assay.
This leaves its response to this pre-analytical step unknown, though any differential
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effect would only reinforce our conclusion that the procedure’s impact is assay-depend-
ent. Third, our study lacked a gold standard comparator (e.g., a CE-marked or digital
PCR assay), which would have been valuable for assessing assay reliability. However,
absolute quantification using digital PCR assays could not constitute a clinical gold
standard. Given the limited availability of CE-marked HDV RNA kits in Spain, comparative
studies like ours are crucial for validating reliable commercial diagnostics. We could also
have employed the WHO International Standard for standardizing IU/mL quantification.
However, our objective was to compare the relative bias between commercially available
kits in Spanish clinical practice, not their absolute calibration. Finally, the single-center
design of our study precluded the assessment of inter-laboratory variability. Multi-cen-
ter studies with more diverse patient populations and genotypes to assess not only
inter-assay variability but also inter-laboratory variability are needed to confirm our
findings and inform best practices.

Despite these limitations, our study has significant strengths. Its primary strength is
the direct head-to-head comparison of three widely used assays in Spain using a robust
cohort of clinical samples. Furthermore, we systematically quantified the trade-offs of
a controversial pre-analytical step—thermal shock—providing much-needed data on
its benefits versus its drawbacks. This comprehensive evaluation of both diagnostic
accuracy and quantitative performance was conducted in strict adherence to the STARD
guidelines, ensuring methodological rigor and transparent reporting.

Conclusion

In summary, our head-to-head comparison demonstrates that Vircell, Certest, and
Altona assays exhibit high reliability for the qualitative diagnosis of HDV, evidenced
by excellent concordance. Conversely, the presence of relevant quantitative biases
precludes their suitability for interchangeable use in treatment monitoring. To ensure
accurate interpretation of viral load trends, clinicians must employ the identical assay for
longitudinal patient monitoring. Moreover, the pre-analytical thermal shock procedure
presents a significant limitation, as its capacity to enhance detection in certain scenarios
is compromised by an unacceptable degree of quantitative variability. Consequently, its
routine application for patient monitoring is not recommended.
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