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Abstract

Flow cytometry is an essential diagnostic method in hematology, and one of its main
applications is the assessment of the clonality of mature B cells. We present a case report
of a patient referred for the investigation of absolute lymphocytosis. The flow cytometry
study revealed an increased percentage of B cells, but it could not establish B-cell clonality,
based on the study of surface light chains in combination with the pattern of expression
of mature B-cell markers. The diagnosis of Persistent Polyclonal B-cell Lymphocytosis
(PPBL) was considered in the differential diagnosis as the mature B cells were found to be
immunophenotypically memory B cells. However, due to the markedly elevated count of B
cells, molecular testing with Polymerase Chain Reaction (PCR) for B-cell clonality based on
IGH (Immunoglobulin Heavy Chain) gene rearrangements was performed, and it revealed
the presence of two clones of B cells. Approximately one year later, the same work-up was
repeated in the patient’s bone marrow aspirate. By flow cytometry, a distinct clonal B-cell
population was isolated, while the molecular testing with PCR for B cell clonality based
on IGH heavy-chain gene rearrangements revealed the presence of three clones of B cells.
In addition, evaluation of the sample with high-dimensional mass cytometry showed the
presence of four major immunophenotypically abnormal B-cell subsets.

Keywords: flow cytometry; B-cell clonality; Persistent Polyclonal B-cell Lymphocytosis
(PPBL)

1. Introduction
Investigation of absolute lymphocytosis represents one of the most common and

clinically significant indications for flow cytometry immunophenotyping in hematological
practice [1]. This laboratory technique plays a pivotal role in distinguishing between
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reactive (benign) and clonal (malignant) lymphoproliferative processes by enabling the
detailed characterization of lymphocyte subsets based on their surface and cytoplasmic
markers [2]. In many cases, flow cytometry provides sufficient information to establish
a definitive diagnosis, particularly in well-defined entities such as chronic lymphocytic
leukemia or certain non-Hodgkin lymphomas [1].

However, diagnostic challenges arise when immunophenotypic findings are incon-
clusive, atypical, or do not clearly correspond to established classification criteria. In
such scenarios, reliance on flow cytometry alone may lead to diagnostic uncertainty or
misclassification. Therefore, a comprehensive and integrative approach becomes essential.
The interpretation of immunophenotypic data must be contextualized within the patient’s
full clinical picture, including the medical history, physical examination findings, and
additional laboratory parameters such as complete blood count trends, peripheral blood
morphology, cytogenetic and molecular studies, and imaging results when appropriate [3].

This multidimensional assessment not only facilitates an accurate diagnosis but also
guides the selection of further targeted investigations, such as a bone marrow examination
or advanced molecular testing. Ultimately, combining flow cytometry with clinical and
laboratory correlation supports the establishment of an evidence-based diagnosis, ensuring
appropriate patient management and prognostic evaluation [4].

2. Case Presentation
An 82-year-old male was referred to our laboratory for flow cytometry investigation of

absolute lymphocytosis, with a possible diagnosis of chronic lymphocytic leukemia (CLL).
The clinical information provided did not mention B symptoms, lymphadenopathy, or
organomegaly.

Complete blood count showed White Blood Cells 35 × 109/L, Absolute Lymphocyte
Count 23 × 109/L, Hemoglobin 134 g/L, Platelets 148 × 109/L. Peripheral blood smear
examination revealed a relatively monomorphic lymphocytic population without the
presence of smudge cells or binucleated/bilobed B cells (Figure 1).

Figure 1. Peripheral blood smear (100×). A relatively monomorphic lymphocytic population is
observed without the presence of smudge cells (May–Grünwald Giemsa (MGG)).

The blood sample was prepared with the Stain–Lyse–Wash (SLW) Protocol (Excellyse
Live lysing solution, EXBIO, Vestec, Czech Republic) and analyzed by flow cytometry
(screening tube: a basic combination of monoclonal antibodies used to evaluate the basic
lymphocytic subpopulations and the clonality of B cells by assessing the surface light
chain expression) using the following monoclonal antibody combination: CD45KO/(CD8 +
Kappa)FITC (Fluorescein Isothiocyanate)/(CD4+Lambda)PE/CD3ECD/CD56PC5/
CD19PC7/CD5APC/-/CD38APC-Cy7 (EXBIO, Vestec, Czech Republic). Acquisition was
performed using a Navios Flow Cytometer [3 lasers, 10 colors (Beckman Coulter, Brea, CA,
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USA)] and data analysis was conducted using Kaluza Software 2.4 (Beckman Coulter, Brea,
CA, USA).

Flow cytometry analysis revealed an inversion of the neutrophil-to-lymphocyte ratio
with an increased percentage of B cells (88% on lymphocytes CD19+CD20+sIg+), which,
however, were polytypic (κ/λ ratio 0.4, indicating λ light chain predominance—clonality
is documented when the κ/λ ratio > 10 or <0.1) based on surface light-chain assessment
(Figure 2).

Figure 2. Peripheral blood flow cytometry data analysis. Polytypic mature B cells demonstrate het-
erogeneous antigen expression, without evidence of antigen loss, ectopic expression, or asynchronous
expression patterns (grey: CD45+, burgundy: lymphocytes, green: CD19+).

Additional monoclonal antibody combinations were used: KappaPB/CD45KO/
CD11cFITC/CD103PE/CD10ECD/CD123PC5/CD19PC7/CD25APC/-/LambdaAPC-Cy7
and CD20PB/CD19KO/CD200FITC/CD79b/CD23ECD/CD49dPC5/ROR1PC7/CD81APC/
CD45A700/CD43APC-Cy7 (EXBIO, Vestec, Czech Republic). These panels confirmed the
polytypic nature of the B cells (the observed κ/λ ratio was between 0.1 and 10), with no
loss, ectopic, or asynchronous antigen expression. The B-cell population showed uniform,
yet heterogeneous, antigen expression overall (Figure 2).

Thus, Persistent Polyclonal B-cell Lymphocytosis (PPBL) was suspected due to
the high percentage and absolute count of B-lymphocytes. A further panel was ap-
plied: IgDPB/CD3KO/CD8FITC/CD16PE/CD56ECD/CD27PC5/(CD19+TCRγδ)PC7/
CD45RAAPC/CD45A700/CD4APC-Cy7 (EXBIO, Vestec, Czech Republic). The last panel
demonstrated that the entire B-cell population consisted of unswitched memory B cells
(IgD+CD27+), a finding indicative of PPBL (Figure 2).
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However, due to the markedly elevated absolute B-lymphocyte count, molecular
testing with Polymerase Chain Reaction (PCR) for B-cell clonality based on IGH (Im-
munoglobulin Heavy Chain) gene rearrangements was performed. DNA was isolated
from the patient’s blood smear (Zybio extraction systems, Chongqing Municipality, China),
followed by PCR (Eppendorf SE, Hamburg, Germany) for IGH heavy-chain gene rearrange-
ments (IGH-FR3) (Master Diagnostica kit BIOMED2, Master Diagnostica S.L., Granada,
Andalusia, Spain). Polyacrylamide gel electrophoresis of the PCR products (using Het-
eroduplex analysis) revealed two distinct bands of different sizes, leading to the final
diagnosis of two CD5-CD10- B-NHL clones (Figure 3).

Figure 3. Polyacrylamide gel electrophoresis analysis of PCR products obtained from peripheral
blood. Lane 1: ΦX174 DNA–HaeIII digest molecular weight marker. Lane 2: Positive control (B-cell
line, PC). Lane 5: Patient sample (Pt), showing two distinct DNA bands of different molecular sizes.
Lane 6: Negative control (NC).

The patient was placed under follow-up. Approximately one year later, we received
THE patient’s bone marrow aspirate sample in our laboratory for immunophenotypic analy-
sis by flow cytometry. The patient now presented with marked leukocytosis and lymphocy-
tosis (Absolute Lymphocyte Count (ALC) > 100 × 109/L)). Taking into account the findings
from the peripheral blood examination, the following combinations of monoclonal antibod-
ies were applied: CD45KO/KappaFITC/LambdaPE/CD10ECD/CD19PC7/CD5APC/-/
CD38APC-Cy7, CD4PB/CD45KO/CD8FITC/CD16PE/CD3ECD/CD56PC5/CD19PC7/
CD34APC, KappaPB/45KO/200FITC/CD79bPE/CD23ECD/CD22PC5/CD19PC7/
CD20APC/LambdaAPC-Cy7, KappaPB/CD45KO/CD11cFITC/CD103PE/CD25ECD/
CD123PC5/CD19PC7/CD180APC/LambdaAPC-Cy7, IgDPB/CD19KO/KappaFITC/
LambdaPE/CD27PC5/ROR1PC7/CD81APC/CD45A700/CD43APC-Cy7 and IgDPB/
CD3KO/CD8FITC/CD16PE/CD56ECD/CD27PC5/(CD19+TCRγδ)PC7/CD45RAAPC/
CD45A700/CD4APC-Cy7 (EXBIO, Vestec, Czech Republic). The rationale behind these
protocols was to isolate a subpopulation or subpopulations of mature B cells based on
antigen expression that would be clonal with respect to surface light-chain expression.

Flow cytometric data analysis revealed a strong presence of B cells in the bone marrow
aspirate (lymphocytes 90% of CD45+ bone marrow cells, B cells 90% of lymphocytes), all
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of which were CD5- and CD10- and showed predominance of λ surface light chains (κ/λ
ratio 0.2, (intermediate expression)). A distinct population of B cells (70% of B cells) was
successfully isolated, characterized by stronger expression of CD79b, CD22 and CD11c
compared to the remaining B cells (30% of B cells), and showing λ-restricted surface light-
chain clonality (κ/λ ratio 0.01), a finding indicative of CD5-CD10- B-NHL (Figure 4).

Figure 4. Bone marrow flow cytometry data analysis. A monotypic (lambda light-chain–restricted)
discrete population of mature B cells is identified, showing stronger expression of CD79b, CD22, and
CD11c (blue color) compared with the background polytypic B-cell population (green color).
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Given the findings in the peripheral blood and the marked B-lymphocytosis in the
bone marrow, a clonality study of the B cells in the bone marrow sample was deemed
appropriate, assessing immunoglobulin heavy-chain gene rearrangements using FR1, FR2,
and FR3 primers. DNA was isolated from the patient’s bone marrow aspirate (Maxwell RSC
Promega, Madison, WI, USA), followed by PCR for IGH heavy-chain gene rearrangements
(IGH-FR1, FR2, FR3) (CE IVD kit IdentiClone IGH Gene Clonality Assay/Invivoscribe, San
Diego/Carlsbad, CA, USA). Capillary electrophoresis of the products on the SeqStudio
Genetic Analyzer platform (Thermo Fisher Scientific, Waltham, MA, USA) demonstrated
the presence of three B-cell clones, leading to the final diagnosis of three CD5-CD10- B-NHL
clones (Figure 5).

Figure 5. VDJ rearrangement fragment analysis (bone marrow). Tube A demonstrates three clonal
VDJ rearrangements (325/330/334 bp), Tube B shows two clonal VDJ rearrangements (260/273 bp),
and Tube C reveals three clonal VDJ rearrangements (126/129/135 bp).

Subsequently, in order to further investigate the case, deep immunophenotyping of
the bone marrow sample was performed using Mass Cytometry. Initially, a broad panel of
myeloid, B- and T-cell markers was applied. Bone marrow cells were profiled using a 31-
marker mass cytometry panel encompassing lineage-defining, maturation, and activation
markers. The panel included markers for B cells (CD19, CD24, CD27, CD38, BCMA, κ/λ),
T cells (CD3, CD4, CD8, CD28, CD45RA/RO), NK (Natural Killer) cells (CD16, CD56,
CD57), and myeloid/progenitor populations (CD14, CD11b, CD11c, CD33, CD66b, CD123,
CD34), along with functional markers including HLA-DR, CD25, CD39, CD81, CD86,
CD127, and Ki-67. Computational analysis was performed in R using the diffcyt workflow,
including FlowSOM-based clustering and Uniform Manifold Approximation and Projection

https://doi.org/10.3390/hemato7020022

https://doi.org/10.3390/hemato7020022


Hemato 2026, 7, 22 7 of 11

(UMAP) for dimensionality reduction. Examination of the resulting heatmap revealed that,
within the total bone marrow cell population, seven (7) dominant clusters were present,
characterized by cytoplasmic expression of κ and λ light chains, THE absence of CD34
and CD38 expression, and heterogeneity in the expression of CD45, CD19 and HLA-DR
(Clusters 1, 6, 16, 5, 17, 3, and 2, Figure 6), demonstrating the prominent presence of mature
B-cell lineage cells.

Figure 6. High-dimensional immunophenotyping of bone marrow by mass cytometry. (A) Heatmap
displaying the scaled median expression of immune surface markers across 20 cell clusters (1–20),
identified through hierarchical clustering. Each row represents a cluster and each column a marker.
The bar graph on the right indicates the proportion of total bone marrow cells represented by each
cluster. (B) UMAP plot showing individual cells colored by cluster identity.

A second clustering analysis (FlowSOM) was then performed, this time restricting
the target population to CD45+CD19+ cells of the bone marrow aspirate and focusing on
B-cell markers (KAPPA, LAMBDA, HLA-DR, CD27, CD81, CD123, CD28, CD25, CD24,
BCMA, CD38, and Ki67). Analysis of the resulting heatmap demonstrated four (4) domi-
nant clusters within the total bone marrow cell population, all expressing cyKAPPA and
cyLAMBDA, and additionally characterized as follows:

HLA-DRdimCD38-CD81dim/-CD27-, HLA-DRdimCD38-CD81-CD27dim, HLA-DR-
CD38-CD81dimCD27+, HLA-DR+CD38-CD81-CD27+. These four B-cell subpopulations
corresponded immunophenotypically to pathological B-cell subsets with low mitotic activ-
ity (Ki67 dim/-) (Clusters 1, 8, 4, and 6, Figure 7).
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Figure 7. Deep immunophenotyping analysis of CD45+CD19+ Bone Marrow Cells with mass
cytometry. (A) Gating strategy to select CD45+ CD19+ cells and perform deep immunophenotyping
analysis with FlowSOM clustering. Heatmap displaying the scaled median expression of immune
surface markers across 10 cell clusters (1–10), identified through hierarchical clustering. Each row
represents a cluster and each column a marker. The bar graph on the right indicates the proportion of
CD45+CD19+ bone marrow cells represented by each cluster. (B) UMAP plot showing individual
cells colored by cluster identity.

3. Discussion
Despite the continuous expansion of diagnostic capabilities in flow cytometry, par-

ticularly within hematology, its interpretative power remains inherently dependent on
context. The increasing availability of large antibody panels, multicolor combinations, and
the emerging development of spectral flow cytometry have significantly enhanced the
sensitivity and resolution of immunophenotypic analysis [5]. These advances allow for a
more precise delineation of hematopoietic populations, improved detection of aberrant
antigen expression, and more refined identification of clonal B- and T-cell populations [6].

However, this case clearly illustrates that flow cytometry, despite its sophistication, is
not a panacea and should not be regarded as a standalone or “global” diagnostic modality.
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Rather, it represents a highly powerful but targeted analytical tool whose performance is
fundamentally shaped by the pre-analytical clinical context, panel design, and gating strat-
egy. Without appropriate clinical correlation, even high-dimensional immunophenotypic
data may yield incomplete, ambiguous, or potentially misleading interpretations.

In our case, despite the marked presence of B cells in peripheral blood, flow cytometry
was unable to document a clonal B-cell population in the blood (a distinct B cell population
with a κ/λ ratio > 10 or <0.1). Immunophenotypically, the B cells were CD5- and CD10-
and polytypic based on surface light chain expression, which could be compatible with
PPBL. Molecular studies revealed two clonal B-cell populations. In the bone marrow, flow
cytometry demonstrated a strong presence of mature B cells and identified a λ-restricted
clonal B-cell population with differential expression of the B-cell markers CD79b and CD22,
as well as ectopic expression of CD11c compared with the remaining B cells, in which a
clear predominance of λ surface light-chain expression was observed. Despite the panels
of monoclonal antibodies used for the immunophenotyping study of the bone marrow
sample were not identical to those used for the blood sample (the bone marrow sample
was analyzed approximately one year later), the basic markers studied were almost the
same (CD5, CD10, CD20, CD23, CD103, CD11c, CD25, CD200, CD79b, ROR1, CD81, CD43
in common; CD22, CD180 were additionally evaluated in the bone marrow). The difference
in the selection of MoAbs combinations between the blood and bone marrow was that,
in the bone marrow, we tried to include κ and λ in each combination in order to isolate a
light-chain- restricted B-cell subpopulation.

Comparing blood and bone marrow analysis, there was no loss, ectopic, or asyn-
chronous antigen expression in B cells in the blood (the B cells were CD5-CD10-CD11c-)
and the B-cell population showed a uniform, yet heterogeneous, antigen expression overall.
On the other hand, a distinct population of CD79b+CD22+CD11c+ B cells was found in
the bone marrow, expressing λ surface light chain, demonstrating the presence of CD5-
CD10- B-NHL, while the remaining B cells expressed predominantly the λ surface light
chain. Immunophenotypically, the CD5-CD10- B-NHL clone could not be further classified.
Molecular analysis of the bone marrow sample identified three clonal B-cell populations,
while mass cytometry demonstrated the presence of four major B-cell populations with an
abnormal immunophenotype.

Discrepancies in the immunophenotype of CD5-CD10- B-NHL between the blood
and bone marrow are occasionally observed. Unfortunately, the PCR products were
not analyzed with the same method in the blood and bone marrow (polyacrylamide gel
electrophoresis vs. capillary electrophoresis). As a result, a direct comparison of B-cell
clones between the blood and bone marrow is not feasible.

Unlike other published cases [7], in our case, only one clone of CD5-CD10- B-NHL
was finally isolated immunophenotypically by flow cytometry in the bone marrow. This
clone expressed the same surface light chain as the remaining B cells with the same level of
expression. The remaining B cells demonstrated light-chain predominance.

The diagnosis of PPBL was included in the differential diagnosis, especially in the
blood, since the B cells were found to be polytypic [8]. However, diagnosing PPBL in the
case of an elderly male with excessive B-cell lymphocytosis (approximately 20 × 109/L),
merely based on immunophenotyping by flow cytometry would be, in our opinion, ques-
tionable and unreliable.

Accurate diagnostic evaluation therefore requires a strict integration of clinical presen-
tation, hematological parameters, morphological assessment, and complementary labora-
tory findings. Such integration is essential not only for guiding the selection of the most
appropriate antibody panels but also for optimizing gating strategies and ensuring that
rare or atypical populations are not overlooked. In this sense, flow cytometry should be
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viewed as a hypothesis-driven technique rather than an isolated diagnostic endpoint [9].
Furthermore, cases with persistent clinical suspicion but inconclusive or discordant im-
munophenotypic results highlight the limitations of relying solely on flow cytometry. In
such scenarios, additional specialized diagnostic approaches, including molecular assays
(e.g., IGH rearrangement studies), cytogenetics, bone marrow histopathology, and emerg-
ing high-dimensional techniques such as mass cytometry, become essential for achieving
diagnostic resolution. These complementary methodologies provide orthogonal valida-
tion and can uncover clonal or subclonal populations that may not be fully resolved by
conventional flow cytometry alone [2].

Ultimately, this case underscores the necessity of a multimodal diagnostic strategy in
hematologic evaluation. Flow cytometry remains a cornerstone of modern hematopathol-
ogy, but its highest diagnostic yield is achieved only when interpreted within a compre-
hensive clinical and laboratory framework. Such an integrated approach ensures not only
diagnostic accuracy but also appropriate risk stratification, prognostic assessment, and
optimal patient management.

4. Conclusions
In conclusion, this case illustrates that flow cytometry should be regarded as a pow-

erful but context-dependent diagnostic tool rather than a definitive standalone method.
Optimal diagnostic accuracy in complex lymphoproliferative disorders is achieved only
through a comprehensive correlation of clinical, morphological, immunophenotypic, and
molecular data.
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PPBL Persistent Polyclonal B-cell Lymphocytosis
SLW Stain–Lyse–Wash
UMAP Uniform Manifold Approximation and Projection
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