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study was to evaluate the reproducibility of this approach through an interlaboratory
validation study. Native, air-dried blood smears from healthy controls and patients with
confirmed IPD were shipped to 7 participating laboratories, blinded for the sample
origin. Samples were fixed and stained using a shared panel of 13 commercially available
primary antibodies and 2 fluorescence-labelled secondary antibodies. Laboratories
formulated diagnostic predictions based solely on immunofluorescence findings. The
pre-workshop method establishment involved other samples and feedback with the
coordinating laboratory to address technical issues before blinded sample validation. All
7 laboratories (Brisbane, Greifswald, Murcia, Paris, Pavia, Perugia, and Tubingen)
correctly diagnosed MYH9-related disease, Bernard-Soulier syndrome, Glanzmann
thrombasthenia, and GFI1B-related thrombocytopenia. Six of 7 laboratories accurately
identified TUBB1-related disorder and quantitative 5-storage pool disorder, while 5 of 7
correctly diagnosed GATA1-related thrombocytopenia. Immunofluorescence-based
platelet phenotyping on peripheral blood smears demonstrated high sensitivity for
diagnosing MYH9%-related disease, Bernard-Soulier syndrome, Glanzmann thrombas-
thenia, and GFI1B-related thrombocytopenia, and reasonable sensitivity for
TUBB1-related disorder, quantitative &-storage pool disorder, and GATA1-related

thrombocytopenia. Immunofluorescence analysis of blood smears may be of help in the

KEYWORDS

1 | INTRODUCTION

Inherited platelet disorders (IPD) are a heterogeneous group of rare
conditions characterized by thrombocytopenia, platelet dysfunction, or
both. These disorders result from mutations in over 70 genes impacting
platelet biology, structure, or function, leading to a wide spectrum of
bleeding phenotypes [1,2]. Accurate diagnosis of IPD is crucial for
appropriate patient management, genetic counseling, and potential
targeted therapies [3-7]. However, diagnosis can be challenging,
requiring a combination of detailed clinical evaluation and laboratory
testing [8]. Traditional approaches rely on platelet function assays, flow
cytometry, morphologic examination of blood smears, and increasingly,
genetic sequencing [9-11]. Although valuable, these methods have
limitations, are technically demanding, and exhibit significant inter-
laboratory variability. Furthermore, molecular testing may not always
identify causative mutations, particularly for novel or rare variants [12].

Immunofluorescence microscopy offers a promising comple-
mentary approach for characterizing the platelet phenotype [13].
This technique visualizes specific platelet structures using
fluorescence-labeled antibodies for assessing platelet morphology
and identifying potential defects. Key advantages include the
requirement for small blood volumes (< 100 pL), making it possible to
assess neonates, suitability for long-distance sample shipping, and

relatively low equipment costs [14].

diagnostic work-up of IPD.

Bernard-Soulier syndrome, blood, blood platelet disorders, blood platelets, fluorescence,
microscopy, platelet storage pool deficiency, thrombasthenia, thrombocytopenia

A recent study demonstrated the feasibility of using immunoflu-
orescence microscopy on peripheral blood smears to identify specific
phenotypic changes associated with 9 forms of IPD (MYH%-related
disease, classical- and monoallelic Bernard-Soulier syndrome, Glanz-
mann thrombasthenia (GT), TUBB1-related disorder, Wiskott-Aldrich
syndrome, quantitative 5 storage-pool disorder, FLNA-related throm-
bocytopenia, and GFI1B-related thrombocytopenia), achieving prom-
ising sensitivity and specificity in a single-center setting [15]. However,
the reproducibility of this technique across laboratories and the
robustness of its diagnostic potential require rigorous validation.

Therefore, this first multicenter study was designed to assess the
interlaboratory reproducibility of immunofluorescence microscopy

for recognizing IPD.

2 | METHODS

2.1 | Aim of the study, participating centers, and
subject enrollment

This study aimed to validate a standardized protocol for immuno-
fluorescence staining of peripheral blood smears and to evaluate its
ability to accurately identify healthy controls and patients with IPD in
a blinded, multicenter setting.
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Eight institutes internationally participated in the exercise:
Institut far Transfusionsmedizin, Universititsmedizin Greifswald,
Germany (coordinating center); Institute for Clinical and Experi-
mental Transfusion Medicine, University Hospital of Tlbingen, Ger-
many; Servicio de Hematologia, Hospital Universitario Morales
Meseguer-Centro Regional de Hemodonacion Murcia, Spain;
Department of Medicine and Surgery, Section of Internal and Car-
diovascular Medicine, University of Perugia, Italy; Department of
Internal Medicine, University of Pavia, Italy; Laboratoire d’'Hémato-
logie, Assistance Publique Hopitaux de Paris, Hopital Bichat-Claude-
Bernard, Paris Cité University, Paris, France; Service d’Hématologie
Biologique, Hopital Lariboisiére, Paris Cité University, Paris; and
Department of Haematology, Pathology Queensland, Centre for
Children’s Health and Research (CCHR), South Brisbane, Australia.
The 2 French institutes collaborated as a single center, performing
the analysis jointly with 2 investigators, resulting in a total of 7
participating laboratories.

Eight patients with 8 genetically confirmed IPD were enrolled in
the study. They were recruited from the following institutions: Uni-
versity Medicine Greifswald, Germany; University of Murcia, Spain
(as part of the Spanish multicenter project on IPD of the Grupo
Espanol de Alteraciones Plaquetarias Congénitas, GEAPC); Medical
University of Vienna, Austria; and University Clinic Bonn, Germany.
Healthy controls were enrolled from blood donors at the University
Medicine Greifswald upon confirming normal platelet counts and
general health. Written informed consent was obtained from all pa-
tients or their legal guardians, and the study was conducted in

accordance with the Declaration of Helsinki.

2.2 | Standardization of procedures and materials

The previously reported methodological protocol [14] was adopted
by all participating centers. Participants received a standard oper-
ating procedure, including photographic documentation for each
methodological step (Supplementary Appendix). All laboratories used
the same panel of 13 mouse or rabbit anti-human primary antibodies
and 2 fluorescence-labeled goat anti-rabbit or -mouse secondary
antibodies (Table 1). The antibodies were procured by each center
independently. Although microscopic equipment varied between
laboratories, all possessed objective and ocular lenses capable of
sufficient magnification for platelet assessment, with filters adjusted
to capture emission light at the characteristic wavelengths of the
used secondary antibodies (Supplementary Table 1). Individualized
training was provided to address participant-specific questions
regarding procedural details (eg, antibody staining region definition,

fixation, coverslipping) and morphological interpretation.

2.3 | Study design

The study comprised 2 phases. Phase 1 aimed to assess the repro-

ducibility of procedures for i) blood smear fixation; ii) blood smear
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labeling with primary and secondary antibodies; and iii) achieving
comparable immunofluorescence images. To this end, unstained and
unfixed native air-dried blood smears from healthy controls, pre-
pared in the Greifswald laboratory, were shipped within 24 hours to
each participating center. The shipment was carried out via regular
mail at room temperature. Careful wrapping of the slide containers
was used to avoid possible hemolysis-related artifacts caused by
moisture condensation, which can occur during airfreight when a cool
glass slide encounters warm, humid air. Samples were fixed and
stored at -20 °C as reported [14]. Subsequently, slides were stained
and assessed using immunofluorescence microscopy. Images were
taken, self-evaluated by each participant using reference images
provided by the coordinating center, and shipped to the coordinating
center for centralized review. Discrepancies were reported back to
participants for independent refinement of their assessment.

Phase 2 aimed to assess the method’s reproducibility in i) dis-
tinguishing healthy controls from patients with IPD and ii) assigning a
specific IPD diagnosis based on the sole microscopic findings. Blood
smears from healthy controls and patients with genetically confirmed
IPD were shipped to each laboratory following the same procedure
as phase 1. The blood smears from patients and controls were pre-
pared at the site of subject enrollment. Blood slides prepared at in-
stitutions other than the coordinating center were centralized there
before shipping. A total of 7 shipments were conducted over 19
months, with each round consisting of 1 to 3 sets of 20 slides. Each
slide set, corresponding to a patient or a healthy control, was sent out
only once to each center. Blood smears were anonymized using an
alphanumeric code. Investigators were unaware of both subject
identity (patient or healthy control) and of IPD diagnoses, ensuring
full blinding, including with respect to differential diagnoses. How-
ever, they did know that each sample set of 20 blood smears origi-
nated either from a patient with IPD or from a healthy control. No
clinical information, platelet counts, or inheritance patterns were
provided. To maintain blinded conditions, smear preparation and
dispatch at the centers of Greifswald and Murcia were performed by
personnel separate from those conducting microscopic analyses.

Each laboratory conducted the investigation autonomously,
reporting results using a defined evaluation grid and providing
representative photo-documentation (Supplementary Figures 1-13).
Each sample was evaluated by each participating center only once.
Participants provided i) a qualitative assessment of each platelet
marker (normal or altered relative to reference control images
initially distributed by the coordinating center) and ii) a final inter-
pretation indicating, if possible, a suspected specific IPD diagnosis.
Reports and documenting pictures were shipped to the coordinating
center for review.

2.4 | Statistical analysis
Categorical data were reported as counts and percentages. To eval-
uate the diagnostic accuracy of immunofluorescence, sensitivity,

specificity, negative predictive value, and positive predictive value
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TABLE 1

Marker protein

Primary antibodies
MYH?9

p1-tubulin
a-tubulin

a-tubulin

Filamin A

Thrombospondin-
1

P-Selectin

von Willebrand
factor

LAMP-1

LAMP-2

CDé63

GPIb/IX

GPlIb/llla

CD34

Antibody name

Antimyosin llA, nonmuscle antibody
Anti-p-tubulin antibody
Anti-a-tubulin antibody
Anti-TUBA4A (TUBA1) antibody

Anti-Filamin A antibody
Anti-Thrombospondin 1 antibody
Purified mouse anti-human CD62P

antibody

Anti-human von Willebrand factor
antibody

LAMP1 antibody (H5G11)

LAMP-2 antibody (H4B4)

Purified mouse anti-human CD63
antibody

Mouse anti-human CD42a antibody

CD41 unlabelled antibody

CD34 monoclonal antibody

Secondary antibodies

Rabbit 1gG

Mouse I1gG

Alexa Fluor 568

Alexa Fluor 488

Company, catalog code

Sigma Aldrich, M8064
Sigma Aldrich, T4026
Abcam, ab190471

Sigma Aldrich, T9026

Santa Cruz Biotechnology,
sc58764

Abcam ab85762

BD Biosciences, BD 555522

DAKO, A0082

Santa Cruz Biotechnology,
sc18821

Santa Cruz Biotechnology,
sc18822

BD Biosciences, BD 556019

Bio-Rad (AbD Serotec),
MCA594

Beckman Coulter, PN
IM0145

Immunologic, ILM1343-C05

Invitrogen, A11011

Invitrogen, A11001

GP, glycoprotein; lg, immunoglobulin; LAMP, lysosome-associated membrane protein.

@ stock dilution.
b working dilution.

Primary and secondary antibodies were used in the interlaboratory exercise.

Host Final Storage
species Predilution® dilution® temperature
Rabbit 1:100 1:10 000 -20 °C
Mouse 1:25 1:200 -20°C
Rabbit undiluted 1:200 -20°C
Mouse 1:100 1:2000 -20°C
Mouse 1:500 1:4000 4°C
Rabbit 1:100 1:400 -20°C
Mouse 1:100 1:400 4°C
Rabbit 1:100 1:2000 4-°C
Mouse undiluted 1:20 4°C
Mouse undiluted 1:20 4°C
Mouse 1:100 1:5000 4°C
Mouse 1:100 1:500 -20°C
Mouse 1:100 1:2000 -20°C
Mouse undiluted 1:100 4°C
Goat undiluted 1:400 4°C
Goat undiluted 1:400 4-°C

were calculated. Method performance was assessed by aggregating
data across the 8 IPD forms and the total investigations from each of
the 7 participating laboratories (7 x 8 IPD cases + 7 x 5 healthy
controls), with diagnostic metrics computed for each individual case
assessment. Means and 95% confidence intervals (Cls) were
computed for all parameters. Likelihood ratios were calculated to
quantify the evidential strength of immunofluorescence results for or
against IPD. A positive likelihood ratio (PLR) > 1 indicates that a
positive test increases the odds of disease (higher values provide
stronger evidence), while a negative likelihood ratio (NLR) < 1 in-
dicates that a negative test decreases the odds of disease (lower
values provide stronger evidence) [16].

Cohen’s x (unweighted) was used to assess the agreement of
individual laboratories versus true diagnosis across all cases, and the
interlaboratory agreement via n = 21 pairwise comparisons [17,18].

The overall average «k value integrated both components. x values

were interpreted as follows: ¥ < O = poor agreement; 0.01 to 0.20 =
slight; 0.21 to 0.40 = fair; 0.41 to 0.60 = moderate; 0.61 to 0.80 =
substantial; 0.81 to 1.00 = almost (x = 1.00 = perfect agreement)
[19,20]. All statistical analyses were performed using JASP software,
version 0.95.4 [21].

3 | RESULTS
3.1 | Patient enrollment, and morphologic features
of the investigated IPD

Eight unrelated subjects affected by 8 different forms of IPD with
previously reported alterations in platelet structure were enrolled
(Table 2 [22-31]). In addition to the well-established morphologic

changes [13,14], some enrolled diseases showed additional
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TABLE 2
Subject Sex, age
number (y) IPD diagnosis
1 F, 31 Delta storage-pool disorder due to Hermansky-
Pudlak syndrome
2 F, 39 MYH9-related disease
3 F, 26 DIAPH1-related thrombocytopenia
4 F, 36 TUBB1-related disorder
5 F, 23 Bernard-Soulier Syndrome
6 F, 38 GATA1-related thrombocytopenia
7 F, 43 GFI1B-related thrombocytopenia
8 M, 50 Glanzmann Thrombasthenia

j.u‘ | 1927

Enrolled patients with inherited platelet disorders (IPDs) confirmed at the molecular level.

Variant
interpretation

Genetic variant ACMG® ClinVar® References

HPS4: c.2054delC; p.Pro685LeufsTerl7 P P/LP [22]
(homozygous)

MYH9: c.5521G>A; p.Glu1841Lys P P/LP [23]
(heterozygous)

DIAPH1: c.3637C>T; p.Arg1213Ter P P [24]
(heterozygous)

TUBB1: c.1075C>T; p.Arg359Trp VUS VUS/LB/ [25]
(heterozygous) VUS B

GFI1B: ¢.580T>C; p.Cys194Arg -
(heterozygous)

GP1BB: c.80C>T; p.Pro27Leu LP LP [26]
(homozygous)

GATA1: c.652G>A; p.Asp218Asn LP LP/VUS [27]
(heterozygous)

GFI1B: ¢.551insG; p.Ser185LeufsTer3 P LP [28]
(homozygous)

ITGA2B: c.1882C>T; p.Arg628Ter P P [29,30]
(homozygous)

B, benign; LB, likely benign; LP, likely pathogenic; P, pathogenic; VUS, variant of uncertain significance.
2 Variant classification following the guideline from the American College of Medical Genetics and Genomics (ACMG) and Association for Molecular

Pathology [31].

b Variant classification according to ClinVar submission (https://www.ncbi.nlm.nih.gov/clinvar/; accessed on January 5th, 2026).

phenotypic characteristics (Table 3). In particular, abnormalities of
platelet cytoskeleton and faint platelet expression of CD34 were
reported in the blood smears of individuals with DIAPH1-related
thrombocytopenia (DIAPH1-RT) [16], and, alongside platelet changes,
aggregates in the erythrocytes consisting of nonmuscular myosin 1A
(NMMIIA) were observed
(GATA1-RT) [32].

in GATA1-related thrombocytopenia

3.2 | Shipment and delivery of blood smears

Blood smears were delivered within 24 to 48 hours to the partici-
pating centers residing in Europe. To the Australian laboratory, the
blood smears were delivered within 48 to 72 hours in all but 1 case,
in which the parcel arrived after 5 days. Even in that case, no sig-
nificant alterations of the quality of the blood smears and/or the
staining outcome were reported.

3.3 | Method implementation (phase 1)

Each group was able to apply the protocol without major technical
shortcomings. Minor issues were signal weakness when staining against
the cytoskeletal protein a-tubulin and excessive background signal

when staining against the dense granule marker LAMP-2. Regarding the

a-tubulin staining, a better outcome was obtained with an alternative
antibody by 2 groups, which has then been included in the antibody
panel (Table 1). Some participants repeated 1 or more immunostainings
due to preanalytical issues or to confirm pathologic findings. No
participant requested additional slides beyond the 20 provided per
subject—which theoretically allowed at least 1 repetition per marker—
indicating that 20 slides from a subject under investigation represent an
appropriate number for routine shipment to a reference laboratory for

diagnostic purposes.

3.4 | Blinded evaluation of patients with IPD and
healthy controls (phase 2)

The final reports of each laboratory (randomly assigned number from
1 to 7) are summarized in Tables 4 and 5. Documenting microscopy
photos are given in the Supplementary Figures 1-13. These pictures
also provide an overview of the overall high reproducibility of

platelet features among the different laboratories.

3.4.1 | Patients with confirmed IPD
Seven out of 7 participants (100%) correctly identified MYH9-related

disease (MYH9-RD), Glanzmann thrombasthenia (GT), Bernard-
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TABLE 3

Previously reported, morphologic features of the

investigated inherited platelet disorders.

Disorder

Quantitative 8-storage-pool
disorder due to Hermansky-
Pudlak syndrome

MYH%-related disease

TUBB1-related disorder

Glanzmann Thrombasthenia

Bernard-Soulier syndrome

GATA1-related thrombocytopenia

GFl1B-related thrombocytopenia

Morphologic pattern

Reduced number of granule
structures or altered
expression (diffused or
prevalent on the outer
membrane vs intracellular
expression) upon staining
against dense granule markers
LAMP-1, LAMP-2, and CDé3.

Platelet macrocytosis; inclusion
bodies consisting of the
cytoskeletal protein NMMIIA
in the neutrophils’ cytoplasm;
diffused vs ring-shaped
NMMIIA expression in
platelets.

Platelet macrocytosis;
misdistribution (diffused,
tangled, or wool ball-like vs
ring-shaped expression) of the
cytoskeletal protein p1-tubulin
in platelets.

Reduced-to-absent expression of
the platelet surface GP llb/Illa.

Platelet macrocytosis; reduced-to-
absent expression of the
platelet surface GP Ib/IX.

Platelet macrocytosis; reduced
expression of platelet alpha
granule markers VWF, TS, and
PS; aggregates consisting of
NMMIIA in the erythrocytes.

Platelet macrocytosis; reduced
expression of platelet alpha
granule markers VWF, TS, and
PS; expression of the stem-cell
antigen CD34 on platelet
surface; aggregates consisting
of NMMIIA in the
erythrocytes.

DIAPH1-related thrombocytopenia Platelet macrocytosis;

misdistribution of cytoskeletal
makers (diffuse or tangled vs
ring-shaped expression of p1-
and/or a-tubulin) in platelets;
faint expression of CD34 on
platelet surface.

GP, glycoprotein; LAMP, lysosome-associated membrane protein;
NMMIIA, nonmuscular myosin lIA; PS, P-selectin; TS, thrombospondin-

1; vWF, von Willebrand factor.

Soulier syndrome

(BSS), and GFl1B-related thrombocytopenia

(GFI1B-RT). Six out of 7 participants (86%) correctly identified
TUBB1-related disorder (TUBB1-RD) and quantitative §-storage-pool

disorder due to Hermansky-Pudlak syndrome. Five out of 7

participants (71%) correctly predicted GATA1-RT. Despite not mak-
ing the exact diagnosis because of the nonspecific alterations of
platelet structures, 6 out of 7 participants (86%) reported the blood
films of the DIAPH1-RT patient as pathologic and recognized altered
expression of cytoskeletal markers (NMMIIA, a- and p-tubulin) and, in
2 cases, faint expression of CD34 on platelet surfaces.

One sample each of quantitative 5-storage-pool disorder, GATA1-
RT, and DIAPH1-RT was reported as normal. In one case of GATA1-RT
and 1 of TUBB1-RD, the formulated suspicion was ITGA2-related
thrombocytopenia and MYH9-RD, respectively.

Note: The genetic analysis of subject 4 identified an additional
heterozygous mutation in GFI1B beyond the TUBB1 variant (Table 2).
As the GFI1B variant was present in a family member without
thrombocytopenia, a diagnosis of TUBB1-RD was made. Immunoflu-
orescence revealed morphologic features indicative of pathogenicity
for both variants (disrupted B-tubulin ring and faint CD34 expres-
sion), suggesting a joint pathogenic effect. For this interlaboratory
exercise, in this sample, either TUBB1-RD or GFI1B-RT was accepted

as a correct diagnostic prediction.

3.4.2 | Healthy controls

Among the 5 enrolled healthy controls, 2 were reported as normal by
6 out of 7 laboratories (86%), 2 were reported as normal by 5 out of 7
laboratories (71%), and 1 was reported as normal by 4 out of 7
laboratories (57%). When blood smears from healthy controls were
interpreted as pathologic, the reported morphologic alterations
concerned a- or 8-granule markers (partially diminished expression, 4
cases), surface glycoprotein (GP) llb/llla (partially diminished
expression, 2 cases), cytoskeletal protein pl-tubulin or Filamin A
(disarranged expression, 2 cases), and CD34 (weak platelet expres-

sion, 1 case).

3.5 | Diagnostic accuracy and interlaboratory
agreement

Cohen'’s « values ranged from 0.45 to 1.00 for individual laboratories
versus true diagnosis, and from 0.049 to 1.00 across all 21 inter-
laboratory comparisons. Individual k values with 95% Cls are pro-
vided in the Supplementary Table 2. The overall mean x value,
integrating both components, was 0.532, indicating a moderate
agreement [18]. These results support the reliability of immunoflu-
orescence predictions despite minor discrepancies in specific cases.

3.6 | Estimation of diagnostic performance metrics
Although the limited sample size warrants caution in interpreting
these statistical estimates, we report them to characterize the diag-
nostic performance of immunofluorescence microscopy in identifying

phenotypic changes associated with the 8 IPD forms.
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TABLE 4 Report of each participating laboratory upon immunofluorescence assessment of blood smears from patients with inherited

platelet disorders (IPDs).

Reports

IPDs

Quantitative

Participating laboratory 8-SPD MYH9-RD DIAPH1-RT TUBB1-RD BSS GATA1-RT GFI1B-RT GT

1 _ correct correct correct correct - correct correct
2 correct correct correct correct correct correct correct correct
3 correct correct correct correct correct correct correct correct
4 correct correct - correct correct correct correct correct
5 correct correct correct correct correct correct correct correct
6 correct correct correct correct correct correct correct correct
7 correct correct correct correct correct correct correct correct

5-SPD, & storage-pool disorder; BSS, Bernard-Soulier syndrome; DIAPH1-RT, DIAPH1-related thrombocytopenia; GATA1-RT, GATA1-related
thrombocytopenia; GFI1B-RT, GFI1B-related thrombocytopenia; GT, Glanzmann thrombasthenia; MYH9-RD, MYH9-related disease; TUBB1-RD, TUBB1-

related disorder.

[Jcorrect interpretation with prediction of the specific IPD.
[Jcorrect interpretation without prediction of the specific IPD.
[Wlincorrect interpretation.

TABLE 5

Reports

Report of each participating laboratory upon immunofluorescence assessment of blood smears from healthy controls.

Healthy controls

Participating laboratory Control 1

1 correct

2 correct

3 correct
4 correct correct
5 correct correct
6 correct correct
7 correct correct

[Jcorrect interpretation.
lincorrect interpretation.

The estimated sensitivity and specificity of the immunofluores-
cence assessment in recognizing IPD were 93.1% (95% Cl, 86.5%-
97.6%) and 73.6% (95% Cl, 61.0%-85.0%), respectively. The
corresponding negative and positive predictive values were 88.3%
(95% Cl, 77.1%-96.1%) and 83.0% (95% Cl, 72.9%-91.1%), respec-
tively. The Figure visually summarizes the distribution of true-
positive, false-positive, true-negative, and false-negative results.

The NLR was 0.09 (95% Cl, 0.03-0.19), and the PLR was 3.57
(95% Cl, 2.35-6.24). Values of NLR < 0.1 and PLR > 5 are generally
considered to provide strong evidence for ruling-out and ruling-in
disease, respectively, supporting immunofluorescence as a valuable

test for exclusion but not as conclusive for confirmation [16].

Control 2

Control 3 Control 4 Control 5
correct correct correct
correct

correct correct

correct

correct correct
correct correct correct
correct correct correct

4 | DISCUSSION

This first multicenter exercise demonstrated the technical repro-
ducibility of immunofluorescence staining of platelets on peripheral
blood smears, even when implemented by some laboratories for the
first time. The method provided reproducible results in predicting 7
forms of IPD exclusively based on microscopic findings. Notably, the
correct diagnosis of 4 disorders—MYH9-RD, BSS, GT, and GFI1B-RT—
was achieved unanimously by all participants. A correct diagnosis was
also achieved by the vast majority of participants for 3 additional
IPDs: quantitative &-storage-pool disorder, TUBB1-RD, and GATA1-
RT.
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These findings position immunofluorescence microscopy as a
valuable tool in the diagnostic work-up of suspected IPD, offering
excellent capability for ruling-out (NLR, 0.09) and supportive, albeit
not definitive, evidence for ruling-in the condition (PLR, 3.57).
Although positive results warrant confirmatory testing, possibly more
expensive, negative results can prioritize or streamline the diagnostic
work-up, especially in cases with low clinical suspicion.

This workshop also provided evidence of feasibility that labora-
tories lacking prior experience can implement this diagnostic proto-
col and achieve staining proficiency and key pattern recognition
within weeks (typically 3-4 weeks of training according to participant
feedback), provided they possess an appropriate microscope and the
needed reagents, a comprehensive standard operating procedure,
and remote support from an experienced reference center. For cases
with strong clinical suspicion of specific disorders (eg, BSS, GT,
MYH9-RD), using a reduced panel of antibodies (< 13) may suffice,
thus lowering both antibody costs and procedure complexity. How-
ever, we strongly recommend always applying the entire panel of
antibodies to obtain sufficient experience on the expression pattern
of markers in different forms of IPD. In addition, as shown by subject
4, sometimes more than 1 mutation is present in an individual, which
can only be recognized if the entire panel of antibodies is used. The

FIGURE Distribution of true/false-

positive and negative results and their
contribution to overall diagnostic
performance. Flow diagram showing the
proportion of patients with IPD and
healthy controls in the study population
(condition, left) and according to the
diagnostic prediction (test, right).
Prediction errors are highlighted as false
negatives (orange) and false positives
(yellow), with true positives (green) and
true negatives (blue) indicating correct
predictions.

Positive

Negative

]
Test

True negative

False positive

costs per patient under investigation are difficult to estimate, as they
strongly depend on the number of samples assessed. If only a single
patient is assessed, the costs for controls are the same as for
assessing a batch of 10 patients. In addition, overall costs are sub-
stantially lower if the antibodies are used before expiration,
compared with a scenario in which a substantial proportion of the
antibodies must be discarded.

Compared with its effectiveness in identifying patients with IPD,
immunofluorescence showed in this study lower accuracy in correctly
recognizing healthy controls. The moderate tendency toward false-positive
results can be at least partially attributed to the lack of expertise of some
participants. In fact, it is a common experience that, in the initial stages of
learning microscopic practices, there is a tendency to attribute pathologic
significance even to minor alterations. The blinded design of the workshop,
without providing any clinical information, represented a worst-case sce-
nario for recognizing normal samples.

Due to the limited sample size (8 patients and 5 healthy controls)
and the rarity of IPDs in the general population [8,33], diagnostic
metrics should be interpreted with caution, as these factors erode
statistical power, increase estimate uncertainty, and reduce gener-
alizability. For these reasons, a prospective evaluation in subjects
with suspected primary hemostasis disorders visiting outpatient
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clinics is required before definitive diagnostic performance estimates
can be made.

A strength of our study was that the diagnostic prediction was
exclusively based on morphologic findings. This allows us to
reasonably expect increased diagnostic efficacy when this method is
used in a real diagnostic setting, with preselection of patients with
suspected IPD based on clinical and family history and other labo-
ratory tests (eg, platelet count). The use of different fluorescence
microscopes further strengthens the generalizability of the findings.
Possible limitations include i) the small number of disorders investi-
gated in this workshop; ii) the use of 1 single patient for each dis-
order, not allowing consideration of possible interpatient variability
in immunofluorescence findings; and iii) the interobserver variability
inherent in manual microscopic assessment. Ongoing efforts toward
immunofluorescence automatization, with the introduction of quan-
titative approaches and artificial intelligence-assisted strategies to
limit artifacts due to epifluorescence assessment and operator
subjectivity [34,35], represent promising steps forward to address
these issues. Further larger cohort studies are needed to broaden the
spectrum of disorders included in the differential diagnosis when
evaluating suspected patients with IPD using immunofluorescence
and to establish quantitative and qualitative thresholds to distin-
guish, objectively, between changes of likely or unlikely pathologic

significance, ultimately improving the specificity of this approach.

5 | CONCLUSION

This first interlaboratory exercise confirmed the technical reproduc-
ibility of immunofluorescence microscopy on peripheral blood smears
for evaluating platelet phenotype. The method showed high sensitivity
for MYH9-RD, BSS, GT, and GFI1B-RD, and reasonable sensitivity for
quantitative 8-storage-pool disorder, TUBB1-RD, and GATA1-RT.

Especially in children with suspected IPD, immunofluorescence
analysis of blood smears offers major advantages. The method allows
for sample shipment by regular mail with minimal risk of preanalytical
errors and is affordable in low- and middle-income settings.

ACKNOWLEDGMENTS

The authors thank the patients and their families, as well as the
colleagues who referred the patients. The work of Ulrike Strobel,
Jessica Fuhrmann, and Jan Wesche, who processed and dispatched
the blood smears at the coordinating center in Greifswald, Germany,
is highly appreciated. Giulia Ciarrocca-Taranta and Emanuela Falci-
nelli contributed to sample staining and processing at the partici-
pating laboratory in Perugia, Italy. The authors are grateful to Sofia
Ramstrém, Chair of the ISTH SSC Subcommittee on Platelets in
Health and Disease, for the support.

AUTHOR CONTRIBUTIONS
C.Z. and A.G. conceived and designed the research; L.B., V.B., AZ.C,,
KA., GU, SB, AN, DF, AS, CF,SS, GLB, TB., AP, PG, TT,

jﬂ,‘ | 1931

C.Z., J.R, and A.G. performed the investigations and interpreted data.
A.G, JR, LK, and S.O. enrolled patients. C.Z. wrote the manuscript.
All authors critically reviewed and approved the final version of the

manuscript.

DECLARATION OF COMPETING INTERESTS
The authors state that they have no conflicts of interest related to

the work presented in this manuscript.

ORCID

Carlo Zaninetti "= https://orcid.org/0000-0003-1754-1260

REFERENCES

[1] Palma-Barqueros V, Revilla N, Sanchez A, Zamora Canovas A,
Rodriguez-Alén A, Marin-Quilez A, Gonzalez-Porras JR, Vicente V,
Lozano ML, Bastida JM, Rivera J. Inherited platelet disorders: an
updated overview. Int J Mol Sci. 2021;22:4521.

[2] Ramanan R, Verstraete A, Van Laer C, Freson K. Implementation
and clinical utility of multigene panels for bleeding, platelet, and
thrombotic disorders. J Thromb Haemost. 2025;23:2371-87.

[3] Balduini CL. Treatment of inherited thrombocytopenias. Haemato-
logica. 2022;107:1278-92.

[4] Zaninetti C, Gresele P, Bertomoro A, Klersy C, De Candia E,
Veneri D, Barozzi S, Fierro T, Alberelli MA, Musella V, Noris P,
Fabris F, Balduini CL, Pecci A. Eltrombopag for the treatment of
inherited thrombocytopenias: a phase Il clinical trial. Haematologica.
2020;105:820-8.

[5] Gandhi PS, Zivkovic M, @stergaard H, Bonde AC, Elm T,
Lavgreen MN, Schluckebier G, Johansson E, Olsen OH, Olsen EHN,
de Bus IA, Bloem K, Alskdr O, Rea CJ, Bjorn SE, Schutgens RE,
Sgrensen B, Urbanus RT, Faber JH. A bispecific antibody approach
for the potential prophylactic treatment of inherited bleeding dis-
orders. Nat Cardiovasc Res. 2024;3:166-85.

[6] Melazzini F, Zaninetti C, Balduini CL. Bleeding is not the main
clinical issue in many patients with inherited thrombocytopaenias.
Haemophilia. 2017;23:673-81.

[7] Pecci A, Balduini CL. Inherited thrombocytopenias: an updated
guide for clinicians. Blood Rev. 2021;48:100784.

[8] Gresele P, Falcinelli E, Bury L. Investigation of bleeding disorders:
when and how should we test platelet functions? Hamostaseologie.
2025;45:335-46.

[9] Gresele P. Subcommittee on Platelet Physiology of the International
Society on Thrombosis and Haemostasis. Diagnosis of inherited
platelet function disorders: guidance from the SSC of the ISTH.
J Thromb Haemost. 2015;13:314-22.

[10] Hoepner G, Althaus K, Miuller J, Zieger B, Pavlova A,
Boeckelmann D, Knéfler R, Bugert P, Kehrel B, Streif W,
Birschmann |, Rihl H, Sachs U, Prller F, Zaninetti C, Schulze H,
Cooper N, Jurk K, Bakchoul T. The diagnostic assessment of
inherited platelet function defects - part 1: an overview of the
diagnostic approach and laboratory methods. Hamostaseologie.
2025;45:229-42,

[11] Althaus K, Hoepner G, Zieger B, Priller F, Pavlova A,
Boeckelmann D, Birschmann |, Miiller J, Ruhl H, Sachs U, Kehrel B,
Streif W, Bugert P, Zaninetti C, Cooper N, Schulze H, Knofler R,
Bakchoul T, Jurk K. The diagnostic assessment of platelet function
defects - part 2: update on platelet disorders. Hamostaseologie.
2025;45:243-53.

[12] Ver Donck F, Downes K, Freson K. Strengths and limitations of
high-throughput sequencing for the diagnosis of inherited bleeding
and platelet disorders. J Thromb Haemost. 2020;18:1839-45.


https://orcid.org/0000-0003-1754-1260
https://orcid.org/0000-0003-1754-1260
http://refhub.elsevier.com/S1538-7836(26)00129-7/sref1
http://refhub.elsevier.com/S1538-7836(26)00129-7/sref1
http://refhub.elsevier.com/S1538-7836(26)00129-7/sref1
http://refhub.elsevier.com/S1538-7836(26)00129-7/sref1
http://refhub.elsevier.com/S1538-7836(26)00129-7/sref2
http://refhub.elsevier.com/S1538-7836(26)00129-7/sref2
http://refhub.elsevier.com/S1538-7836(26)00129-7/sref2
http://refhub.elsevier.com/S1538-7836(26)00129-7/sref3
http://refhub.elsevier.com/S1538-7836(26)00129-7/sref3
http://refhub.elsevier.com/S1538-7836(26)00129-7/sref4
http://refhub.elsevier.com/S1538-7836(26)00129-7/sref4
http://refhub.elsevier.com/S1538-7836(26)00129-7/sref4
http://refhub.elsevier.com/S1538-7836(26)00129-7/sref4
http://refhub.elsevier.com/S1538-7836(26)00129-7/sref4
http://refhub.elsevier.com/S1538-7836(26)00129-7/sref5
http://refhub.elsevier.com/S1538-7836(26)00129-7/sref5
http://refhub.elsevier.com/S1538-7836(26)00129-7/sref5
http://refhub.elsevier.com/S1538-7836(26)00129-7/sref5
http://refhub.elsevier.com/S1538-7836(26)00129-7/sref5
http://refhub.elsevier.com/S1538-7836(26)00129-7/sref5
http://refhub.elsevier.com/S1538-7836(26)00129-7/sref6
http://refhub.elsevier.com/S1538-7836(26)00129-7/sref6
http://refhub.elsevier.com/S1538-7836(26)00129-7/sref6
http://refhub.elsevier.com/S1538-7836(26)00129-7/sref7
http://refhub.elsevier.com/S1538-7836(26)00129-7/sref7
http://refhub.elsevier.com/S1538-7836(26)00129-7/sref8
http://refhub.elsevier.com/S1538-7836(26)00129-7/sref8
http://refhub.elsevier.com/S1538-7836(26)00129-7/sref8
http://refhub.elsevier.com/S1538-7836(26)00129-7/sref9
http://refhub.elsevier.com/S1538-7836(26)00129-7/sref9
http://refhub.elsevier.com/S1538-7836(26)00129-7/sref9
http://refhub.elsevier.com/S1538-7836(26)00129-7/sref9
http://refhub.elsevier.com/S1538-7836(26)00129-7/sref10
http://refhub.elsevier.com/S1538-7836(26)00129-7/sref10
http://refhub.elsevier.com/S1538-7836(26)00129-7/sref10
http://refhub.elsevier.com/S1538-7836(26)00129-7/sref10
http://refhub.elsevier.com/S1538-7836(26)00129-7/sref10
http://refhub.elsevier.com/S1538-7836(26)00129-7/sref10
http://refhub.elsevier.com/S1538-7836(26)00129-7/sref10
http://refhub.elsevier.com/S1538-7836(26)00129-7/sref11
http://refhub.elsevier.com/S1538-7836(26)00129-7/sref11
http://refhub.elsevier.com/S1538-7836(26)00129-7/sref11
http://refhub.elsevier.com/S1538-7836(26)00129-7/sref11
http://refhub.elsevier.com/S1538-7836(26)00129-7/sref11
http://refhub.elsevier.com/S1538-7836(26)00129-7/sref11
http://refhub.elsevier.com/S1538-7836(26)00129-7/sref12
http://refhub.elsevier.com/S1538-7836(26)00129-7/sref12
http://refhub.elsevier.com/S1538-7836(26)00129-7/sref12
https://orcid.org/0000-0003-1754-1260

ZANINETTI ET AL

1932 | jtl1

[13]

[14]

[15]

[16]
[17]
[18]
[19]
[20]

[21]

[22]

[23]

[24]

[25]

[26]

Greinacher A, Pecci A, Kunishima S, Althaus K, Nurden P,
Balduini CL, Bakchoul T. Diagnosis of inherited platelet disorders on
a blood smear: a tool to facilitate worldwide diagnosis of platelet
disorders. J Thromb Haemost. 2017;15:1511-21.

Zaninetti C, Greinacher A. Diagnosis of inherited platelet disorders
on a blood smear. J Clin Med. 2020;9:539.

Zaninetti C, Leinge E, Lozano ML, Rossing M, Bastida JM,
Zetterberg E, Rivera J, Greinacher A. Validation of immunofluo-
rescence analysis of blood smears in patients with inherited platelet
disorders. J Thromb Haemost. 2023;21:1010-9.

Deeks JJ, Altman DG. Diagnostic tests 4: likelihood ratios. BMJ.
2004;329:168-9.

Cohen J. A coefficient of agreement for nominal scales. Educ Psychol
Meas. 1960;20:37-46.

Viera AJ, Garrett JM. Understanding interobserver agreement: the
kappa statistic. Fam Med. 2005;37:360-3.

Landis JR, Koch GG. The measurement of observer agreement for
categorical data. Biometrics. 1977;33:159-74.

McHugh ML. Interrater reliability: the kappa statistic. Biochem Med
(Zagreb). 2012;22:276-82.

JASP Team. JASP, Version 0.95.4. Amsterdam, The Netherlands:
JASP Team: 2025. https://jasp-stats.org/;2025 [accessed 15
December 2025].

Bastida JM, Morais S, Palma-Barqueros V, Benito R, Bermejo N,
Karkucak M, Trapero-Marugan M, Bohdan N, Pereira M, Marin-
Quilez A, Oliveira J, Yucel Y, Santos R, Padilla J, Janusz K, Lau C,
Martin-lzquierdo M, Couto E, Francisco Ruiz-Pividal J, Vicente V, et al.
Identification of novel variants in ten patients with Hermansky-Pudlak
syndrome by high-throughput sequencing. Ann Med. 2019;51:141-8.
Pecci A, Klersy C, Gresele P, Lee KJ, De Rocco D, Bozzi V, Russo G,
Heller PG, Loffredo G, Ballmaier M, Fabris F, Beggiato E, Kahr WH,
Pujol-Moix N, Platokouki H, Van Geet C, Noris P, Yerram P,
Hermans C, Gerber B, et al. MYH9-related disease: a novel prog-
nostic model to predict the clinical evolution of the disease based
on genotype-phenotype correlations. Hum Mutat. 2014;35:236-47.
Stritt S, Nurden P, Turro E, Greene D, Jansen SB, Westbury SK,
Petersen R, Astle WJ, Marlin S, Bariana TK, Kostadima M,
Lentaigne C, Maiwald S, Papadia S, Kelly AM, Stephens JC,
Penkett CJ, Ashford S, Tuna S, Austin S, et al. A gain-of-function
variant in DIAPH1 causes dominant macrothrombocytopenia and
hearing loss. Blood. 2016;127:2903-14.

Palma-Barqueros V, Bury L, Kunishima S, Lozano ML, Rodriguez-
Alen A, Revilla N, Bohdan N, Padilla J, Fernandez-Pérez MP, de la
Morena-Barrio ME, Marin-Quilez A, Benito R, Lopez-Fernandez MF,
Marcellini S, Zamora-Canovas A, Vicente V, Martinez C, Gresele P,
Bastida JM, Rivera J. Expanding the genetic spectrum of TUBB1-
related thrombocytopenia. Blood Adv. 2021;5:5453-67. Erratum
in: Blood Adv 2023;7:877.

Bastida JM, Lozano ML, Benito R, Janusz K, Palma-Barqueros V, Del
Rey M, Hernandez-Sanchez JM, Riesco S, Bermejo N, Gonzalez-
Garcia H, Rodriguez-Alén A, Aguilar C, Sevivas T, Lopez-
Fernandez MF, Marneth AE, van der Reijden BA, Morgan NV,
Watson SP, Vicente V, Hernandez-Rivas JM, et al. Introducing high-
throughput sequencing into mainstream genetic diagnosis practice
in inherited platelet disorders. Haematologica. 2018;103:148-62.

[27]

(28]

[30]

[31]

[33]

[34]

Freson K, Wijgaerts A, Van Geet C. GATA1 gene variants associated
with thrombocytopenia and anemia. Platelets. 2017;28:731-4.
Schulze H, Schlagenhauf A, Manukjan G, Beham-Schmid C,
Andres O, Klopocki E, Kénig EM, Haidl H, Panzer S, Althaus K,
Muntean WE, Schwinger W, Urban C, Greinacher A, Bakchoul T,
Seidel MG. Recessive grey platelet-like syndrome with unaffected
erythropoiesis in the absence of the splice isoform GFI1B-p37.
Haematologica. 2017;102:e375-8. https://doi.org/10.3324/haema-
t0l.2017.167957

Arias-Salgado EG, Tao J, Gonzalez-Manchén C, Butta N, Vicente V,
Ayuso MS, Parrilla R. Nonsense mutation in exon-19 of GPllb
associated  with  thrombasthenic  phenotype. Failure of
GPllIb(delta597-1008) to form stable complexes with GPllla.
Thromb Haemost. 2002;87:684-91.

Nurden AT, Pillois X, Fiore M, Alessi MC, Bonduel M, Dreyfus M,
Goudemand J, Gruel Y, Benabdallah-Guerida S, Latger-Cannard V,
Négrier C, Nugent D, Oiron RD, Rand ML, Sié P, Trossaert M,
Alberio L, Martins N, Sirvain-Trukniewicz P, Couloux A, et al.
Expanding the mutation spectrum affecting «allbp3 integrin in
Glanzmann thrombasthenia: screening of the ITGA2B and ITGB3
Genes in a Large International Cohort. Hum Muta. 2015;36:548-61.
Richards S, Aziz N, Bale S, Bick D, Das S, Gastier-Foster J,
Grody WW, Hegde M, Lyon E, Spector E, Voelkerding K, Rehm HL,
ACMG Laboratory Quality Assurance Committee. Standards and
guidelines for the interpretation of sequence variants: a joint
consensus recommendation of the American College of Medical
Genetics and Genomics and the Association for Molecular Pathol-
ogy. Genet Med. 2015;17:405-24.

Zaninetti C, Rivera J, Vater L, Ohlenforst S, Leinge E, Bockelmann D,
Freson K, Thiele T, Makhloufi H, Rath M, Eberl W, Wolff M,
Freyer C, Wesche J, Zieger B, Felbor U, Heidel FH, Greinacher A.
Aggregates of nonmuscular myosin IlA in erythrocytes associate
with GATA1- and GFI1B-related thrombocytopenia. J Thromb Hae-
most. 2024;22:1179-86.

Balduini CL, Pecci A, Noris P. Inherited thrombocytopenias: the
evolving spectrum. Hamostaseologie. 2012;32:259-70.

Scholz R, Sigel CE, Roggenbuck J, Zaninetti C, Wesche J,
Fuhrmann J, Kaderali L, Hiemann R, Roggenbuck D, Greinacher A.
Semiautomatic assessment of immunofluorescence microscopy on
blood smears in inherited platelet disorders using artificial intel-
ligence: a proof of concept. In: Proceedings of the GTH Congress
2024—68th Annual Meeting of the Society of Thrombosis and Hae-
mostasis Research—Building Bridges in Coagulation, Vienna, Austria,
27 February-1 March 2024. Stuttgart, Germany: Georg Thieme;
2024.

Loos K, Al-Rifai R, Ohlenforst S, Klein C, Oldenburg J, Pavlova A,
Pezeshkpoor B. Automated quantitative immunofluorescence mi-
croscopy approach for diagnosis of hereditary thrombopathies: a
proof of concept using Bernard-Soulier syndrome and Glanzmann
thrombasthenia. Genes (Basel). 2025;16:621.

SUPPLEMENTARY MATERIAL
The online version contains supplementary material available at
https://doi.org/10.1016/j.jtha.2026.02.012.


http://refhub.elsevier.com/S1538-7836(26)00129-7/sref13
http://refhub.elsevier.com/S1538-7836(26)00129-7/sref13
http://refhub.elsevier.com/S1538-7836(26)00129-7/sref13
http://refhub.elsevier.com/S1538-7836(26)00129-7/sref13
http://refhub.elsevier.com/S1538-7836(26)00129-7/sref14
http://refhub.elsevier.com/S1538-7836(26)00129-7/sref14
http://refhub.elsevier.com/S1538-7836(26)00129-7/sref31
http://refhub.elsevier.com/S1538-7836(26)00129-7/sref31
http://refhub.elsevier.com/S1538-7836(26)00129-7/sref31
http://refhub.elsevier.com/S1538-7836(26)00129-7/sref31
http://refhub.elsevier.com/S1538-7836(26)00129-7/sref15
http://refhub.elsevier.com/S1538-7836(26)00129-7/sref15
http://refhub.elsevier.com/S1538-7836(26)00129-7/sref16
http://refhub.elsevier.com/S1538-7836(26)00129-7/sref16
http://refhub.elsevier.com/S1538-7836(26)00129-7/sref17
http://refhub.elsevier.com/S1538-7836(26)00129-7/sref17
http://refhub.elsevier.com/S1538-7836(26)00129-7/sref18
http://refhub.elsevier.com/S1538-7836(26)00129-7/sref18
http://refhub.elsevier.com/S1538-7836(26)00129-7/sref19
http://refhub.elsevier.com/S1538-7836(26)00129-7/sref19
https://jasp%2Dstats.org/
http://refhub.elsevier.com/S1538-7836(26)00129-7/sref21
http://refhub.elsevier.com/S1538-7836(26)00129-7/sref21
http://refhub.elsevier.com/S1538-7836(26)00129-7/sref21
http://refhub.elsevier.com/S1538-7836(26)00129-7/sref21
http://refhub.elsevier.com/S1538-7836(26)00129-7/sref21
http://refhub.elsevier.com/S1538-7836(26)00129-7/sref21
http://refhub.elsevier.com/S1538-7836(26)00129-7/sref22
http://refhub.elsevier.com/S1538-7836(26)00129-7/sref22
http://refhub.elsevier.com/S1538-7836(26)00129-7/sref22
http://refhub.elsevier.com/S1538-7836(26)00129-7/sref22
http://refhub.elsevier.com/S1538-7836(26)00129-7/sref22
http://refhub.elsevier.com/S1538-7836(26)00129-7/sref22
http://refhub.elsevier.com/S1538-7836(26)00129-7/sref23
http://refhub.elsevier.com/S1538-7836(26)00129-7/sref23
http://refhub.elsevier.com/S1538-7836(26)00129-7/sref23
http://refhub.elsevier.com/S1538-7836(26)00129-7/sref23
http://refhub.elsevier.com/S1538-7836(26)00129-7/sref23
http://refhub.elsevier.com/S1538-7836(26)00129-7/sref23
http://refhub.elsevier.com/S1538-7836(26)00129-7/sref24
http://refhub.elsevier.com/S1538-7836(26)00129-7/sref24
http://refhub.elsevier.com/S1538-7836(26)00129-7/sref24
http://refhub.elsevier.com/S1538-7836(26)00129-7/sref24
http://refhub.elsevier.com/S1538-7836(26)00129-7/sref24
http://refhub.elsevier.com/S1538-7836(26)00129-7/sref24
http://refhub.elsevier.com/S1538-7836(26)00129-7/sref24
http://refhub.elsevier.com/S1538-7836(26)00129-7/sref25
http://refhub.elsevier.com/S1538-7836(26)00129-7/sref25
http://refhub.elsevier.com/S1538-7836(26)00129-7/sref25
http://refhub.elsevier.com/S1538-7836(26)00129-7/sref25
http://refhub.elsevier.com/S1538-7836(26)00129-7/sref25
http://refhub.elsevier.com/S1538-7836(26)00129-7/sref25
http://refhub.elsevier.com/S1538-7836(26)00129-7/sref25
http://refhub.elsevier.com/S1538-7836(26)00129-7/sref26
http://refhub.elsevier.com/S1538-7836(26)00129-7/sref26
https://doi.org/10.3324/haematol.2017.167957
https://doi.org/10.3324/haematol.2017.167957
http://refhub.elsevier.com/S1538-7836(26)00129-7/sref28
http://refhub.elsevier.com/S1538-7836(26)00129-7/sref28
http://refhub.elsevier.com/S1538-7836(26)00129-7/sref28
http://refhub.elsevier.com/S1538-7836(26)00129-7/sref28
http://refhub.elsevier.com/S1538-7836(26)00129-7/sref28
http://refhub.elsevier.com/S1538-7836(26)00129-7/sref29
http://refhub.elsevier.com/S1538-7836(26)00129-7/sref29
http://refhub.elsevier.com/S1538-7836(26)00129-7/sref29
http://refhub.elsevier.com/S1538-7836(26)00129-7/sref29
http://refhub.elsevier.com/S1538-7836(26)00129-7/sref29
http://refhub.elsevier.com/S1538-7836(26)00129-7/sref29
http://refhub.elsevier.com/S1538-7836(26)00129-7/sref29
http://refhub.elsevier.com/S1538-7836(26)00129-7/sref30
http://refhub.elsevier.com/S1538-7836(26)00129-7/sref30
http://refhub.elsevier.com/S1538-7836(26)00129-7/sref30
http://refhub.elsevier.com/S1538-7836(26)00129-7/sref30
http://refhub.elsevier.com/S1538-7836(26)00129-7/sref30
http://refhub.elsevier.com/S1538-7836(26)00129-7/sref30
http://refhub.elsevier.com/S1538-7836(26)00129-7/sref30
http://refhub.elsevier.com/S1538-7836(26)00129-7/sref32
http://refhub.elsevier.com/S1538-7836(26)00129-7/sref32
http://refhub.elsevier.com/S1538-7836(26)00129-7/sref32
http://refhub.elsevier.com/S1538-7836(26)00129-7/sref32
http://refhub.elsevier.com/S1538-7836(26)00129-7/sref32
http://refhub.elsevier.com/S1538-7836(26)00129-7/sref32
http://refhub.elsevier.com/S1538-7836(26)00129-7/sref33
http://refhub.elsevier.com/S1538-7836(26)00129-7/sref33
http://refhub.elsevier.com/S1538-7836(26)00129-7/sref34
http://refhub.elsevier.com/S1538-7836(26)00129-7/sref34
http://refhub.elsevier.com/S1538-7836(26)00129-7/sref34
http://refhub.elsevier.com/S1538-7836(26)00129-7/sref34
http://refhub.elsevier.com/S1538-7836(26)00129-7/sref34
http://refhub.elsevier.com/S1538-7836(26)00129-7/sref34
http://refhub.elsevier.com/S1538-7836(26)00129-7/sref34
http://refhub.elsevier.com/S1538-7836(26)00129-7/sref34
http://refhub.elsevier.com/S1538-7836(26)00129-7/sref34
http://refhub.elsevier.com/S1538-7836(26)00129-7/sref35
http://refhub.elsevier.com/S1538-7836(26)00129-7/sref35
http://refhub.elsevier.com/S1538-7836(26)00129-7/sref35
http://refhub.elsevier.com/S1538-7836(26)00129-7/sref35
http://refhub.elsevier.com/S1538-7836(26)00129-7/sref35
https://doi.org/10.1016/j.jtha.2026.02.012

	Interlaboratory exercise on the use of immunofluorescence microscopy on the blood smear for recognizing inherited platelet  ...
	1. Introduction
	2. Methods
	2.1. Aim of the study, participating centers, and subject enrollment
	2.2. Standardization of procedures and materials
	2.3. Study design
	2.4. Statistical analysis

	3. Results
	3.1. Patient enrollment, and morphologic features of the investigated IPD
	3.2. Shipment and delivery of blood smears
	3.3. Method implementation (phase 1)
	3.4. Blinded evaluation of patients with IPD and healthy controls (phase 2)
	3.4.1. Patients with confirmed IPD
	3.4.2. Healthy controls

	3.5. Diagnostic accuracy and interlaboratory agreement
	3.6. Estimation of diagnostic performance metrics

	4. Discussion
	5. Conclusion
	Author contributions
	Declaration of competing interests
	References


