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Introduction: Hairy cell leukaemia (HCL) is a rare B-cell lymphoproliferative disorder
characterised by medium-sized villous lymphocytes (‘hairy cells’) and monocytopenia in the
peripheral blood. Automated full blood count (FBC) haematology analysers may spuriously
count ‘hairy cells” as monocytes, resulting in pseudomonocytosis.

Case presentation: A 72-year-old woman presented with symptomatic anaemia and massive
splenomegaly to a regional hospital in North West province, South Africa, in June 2023. An
FBC and differential count, performed on a Sysmex XN-series haematology analyser, revealed
a monocytosis of 42.82 x 10°/L. However, a manual differential count, peripheral blood
microscopy, and multiparameter flow cytometry confirmed a monocytopenia with numerous
‘hairy cells’.

Management and outcome: The patient was referred to a tertiary hospital where bone marrow
morphology and a BRAFV600E mutation confirmed a diagnosis of HCL. Unfortunately, she
demised shortly after admission.

Conclusion: Here, we report a case of HCL where a Sysmex XN-series artifactually counted
‘hairy cells’ as monocytes, masking the characteristic monocytopenia. With the recent
introduction of Sysmex XN-series FBC haematology analysers (Sysmex Corporation, Kobe,
Japan) in National Health Laboratory Service laboratories across South Africa, we urge operators
to be cognisant of the inherent limitations of FBC analysers in generating blood counts.

What this study adds: Even modern automated laboratory analysers with advanced
technologies have inherent limitations. This case highlights the importance of a manual
differential count and peripheral blood smear review in the era of automation.

Keywords: hairy cell leukaemia; pseudomonocytosis; monocytopenia; haematology full blood
count analyser; Sysmex XN-series.

Introduction

Hairy cell leukaemia (HCL) is a rare B-cell lymphoproliferative disorder accounting for
approximately 2% of lymphoid leukaemias, and usually involves the bone marrow (BM), splenic
red pulp, and peripheral blood (PB).! Although lymphocytosis is uncommon in HCL (5% - 10%),
circulating ‘hairy cells’, albeit at low numbers, are characteristic (85%).! Variable cytopenias are a
frequent laboratory feature, whilst monocytopenia is almost always present (98%)."

An accurate automated white blood cell (WBC) differential count demonstrating monocytopenia
should trigger a suspicion of HCL and warrants careful morphologic assessment for ‘hairy cells’.**
However, certain automated full blood count (FBC) haematology analysers may misidentify
‘hairy cells” as monocytes, resulting in pseudomonocytosis.**

In 2022, the National Health Laboratory Service (NHLS) and Roche Diagnostics (Pty) Ltd entered
into a Service Level Agreement for the placement of Sysmex XN-series automated FBC
haematology analysers (Sysmex Corporation, Kobe, Japan) in NHLS laboratories (n = 146) across
South Africa. This national roll-out involved the placement of the Sysmex XN-1000 series in
medium (n = 51) and large laboratories (n = 20) and XN-L 530 instruments in smaller laboratories
(n=75)7

Automated FBC haematology analysers generate valuable quantitative and qualitative information
that can assist laboratory staff with the accurate interpretation of FBC results, as well as alert them
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to prioritise abnormal samples for PB smear review.®? Not all
NHLS laboratories are staffed with pathologists. Therefore,
technologists and technicians frequently rely on automated
analyser data to guide referral for microscopy.

Ethical considerations

Ethical clearance was obtained from the Health Science
Research Ethics Committee of the University of the
Free State (reference no.: UFS-HSD2024/1295). The patient’s
results were pseudonymised to ensure patient confidentiality
and stored securely on a password-protected computer
only accessible by the authors. Attempts to locate the patient
or their next of kin to obtain permission to publish this
report were unsuccessful.

Case presentation

A 72-year-old woman presented with symptomatic anaemia
to a regional hospital in North West province, South Africa,
in June 2023. On clinical examination, she had massive
splenomegaly but no lymphadenopathy. An FBC was
performed on a Sysmex XN-1000 series and showed
pancytopenia (haemoglobin 2.9 g/dL, platelet count 97 L x
10°/L, neutrophils 0.93 x 10°/L), with a leucocytosis of 58 x
10°/L. The automated WBC differential count showed a
lymphocytosis of 14.16 x 10°/L and a marked monocytosis
of 4282 x 10°/L. The PB smear was referred to the
NHLS Universitas Academic Laboratory, South Africa, for
pathologist review.
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A manual differential count and PB smear microscopy
revealed almost no monocytes. However, abnormal
lymphocytes were increased (78%) (Figure 1). These cells were
intermediate in size, with abundant pale blue cytoplasm and
circumferential villi. Their nuclei were kidney-shaped with a
ground-glass chromatin pattern and inconspicuous nucleoli.

Multiparameter flow cytometry was performed on the
FACSCanto™ II (Becton, Dickinson, and Company, Franklin
Lakes, New Jersey, United States), and the data analysed on
Infinicyt™ version 2.0 (Cytognos, Santa Marta de Tormes,
Salamanca, Spain) software. Analysis revealed an abnormal
population of large cells with moderate complexity and
bright CD45 expression extending into the ‘monocyte
window’ (Figure 2). These cells expressed pan-B-cell
markers, CD19, CD20, CD22, CD79b, and sIgM, with surface
kappa light chain restriction. Villous markers (CDllc,
CD25, CD103, CD123) and CD200 were positive. This
immunophenotype is characteristic of HCL.>¢ There was no
significant monocyte population.

Because monocytopenia, rather than monocytosis, is typically
seen in HCL, an FBC and automated WBC differential was
repeated on the Advia® 2120i (Siemens Healthineers,
Erlangen, Germany) FBC analyser in our laboratory. The same
blood sample subsequently revealed a monocytopenia of 0.93
x 10°/L, with an increase in the lymphocyte count to 34.51 x
10°/L. These counts correlated with the pathologist’s
manual differential count and flow cytometry analysis. It was

<

- 1

’

FIGURE 1: (a—d) ‘Hairy cells’ on the peripheral blood smear of a 72-year-old woman diagnosed with hairy cell leukaemia at National Health Laboratory Service Universitas
Academic Laboratory, South Africa, in June 2023. Wright'’s stain (a) 50x objective, (b) 10x objective and (c, d) 100x objective. (e, f) For comparison, images of normal
monocytes on a peripheral smear are shown; Wright’s stain, 50x objective. These cells lack the circumferential villi and ground-glass chromatin pattern of ‘hairy cells’.
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CD, cluster of differentiation; SSC, side scatter; SSC-A, side scatter area; FSC-A, forward scatter area; TCR gd, T-cell receptor gamma delta; PE-Cy7, phycoerythrin cyanine 7; PerCP-Cy5-5, peridinin
chlorophyll protein cyanine 5.5; PE, phycoerythrin; PE-A, phycoerythrin area; FITC, fluorescein isothiocyanate; APC, allophycocyanin.

FIGURE 2: Flow cytometry dot plots of the pertinent cluster of differentiation markers used in the immunophenotypic diagnosis of hairy cell leukaemia that were performed
for our patient at National Health Laboratory Service Universitas Academic Laboratory, South Africa, in June 2023. The population of interest is demonstrated in red. The
teal green population represents normal T cells, whilst the pink population constitutes neutrophils, and the blue population constitutes natural killer cells. (a, b) The hairy
cells are large in size (increased FSC-A) with bright CD45 expression. (c—f) The hairy cells brightly express pan-B-cell markers, CD19, CD20, and CD79b, with surface kappa
light chain restriction, confirming clonality. (g—i) The hairy cells express CD200 with co-expression of villous markers, CD11c, CD25, CD103, and CD123.

concluded that the Sysmex XN-1000 series spuriously counted
the “hairy cells” as monocytes, resulting in pseudomonocytosis.

Management and outcomes

The patient was referred to a tertiary hospital. Further workup
of the case confirmed a diagnosis of HCL, with the detection of
the BRAFV600E mutation and characteristic BM morphology.
Unfortunately, the patient demised shortly after admission,
and further details regarding treatment could not be obtained.

Discussion

Monocytopenia in the setting of pancytopenia should trigger
a suspicion of HCL.** Demonstrating clonal B cells with
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‘villous” markers (CD11c, CD25, CD103, and CD123) on
multiparameter flow cytometry is critical for the timely
diagnosis of HCL.2¢!° However, characteristic lymphocytes
with circumferential villi (‘hairy cells’) may be sparse on PB
morphology.''® Unless the pathologist has a high index of
suspicion on the initial PB smear review, the diagnosis of
HCL may be unnecessarily delayed until a BM aspirate and
trephine biopsy and molecular studies for the BRAFV600E
mutation are performed. Furthermore, BM aspiration is
frequently unsuccessful because of BM fibrosis in HCL.>"° It
is important to note that the leucocytosis and abundance of
‘hairy cells’ (78%) that were seen in our case is unusual.
Lymphocytosis is only reported in 5% — 10% of cases of HCL.!
By comparison, the HCL cases evaluated by Tofan et al.* and
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Furundarena et al.' revealed an average of 19.6% and 9.4%
circulating ‘hairy cells’.

Villous lymphocytes are not unique to HCL. Their differential
diagnosis includes artefact and other splenic B-cell
lymphomas/leukaemias, namely splenic diffuse red pulp
lymphoma, splenic marginal zone lymphoma and HCL
variant (an entity retained in the International Consensus
Classification, but reclassified as splenic B-cell lymphoma/
leukaemia with prominent nucleoli in the World Health
Organization Classification of Haematolymphoid Tumours
5th edition).”? Considering its relative sensitivity and specificity
for HCL, the presence or absence of monocytopenia is often
relied on during the initial assessment of these lymphomas to
the
sensitivity for detecting monocytopenia in HCL varies

assist with the differential diagnosis.>® However,
amongst automated FBC haematology analysers, and may be
more reliable on instruments using peroxidase staining
techniques such as the Advia® 2120i.* Instruments utilising
fluorescent staining and light scatter, or physical properties of
cells, may yield inaccurate monocyte counts in HCL.>*

Sysmex XN-series automated FBC haematology analysers
incorporate cytochemical reactions followed by fluorescence
flow cytometry using a semiconductor laser to perform a
WBC differential count. This method involves the addition of
a fluorescent dye to WBCs, which are subsequently separated
by their different light scatter properties according to size
(forward scatter), complexity (side scatter), and fluorescence
signal >3 Scattergrams provide a visual representation of
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separated cell population in the white cell nucleated-, white
cell differential-, and white cell precursor channels.?*
Additionally, internal protocol messages or ‘flags” assist with
the rapid identification of quantitative and qualitative WBC
abnormalities.®’

In our case, the Sysmex XN-1000 series correctly flagged
‘neutropenia’, ‘leucocytosis’, ‘lymphocytosis’ and the
presence of ‘blasts/abn lymphocytes?” (sic). The white cell
differential scattergram showed a large population of cells
in the ‘monocyte window’ (Figure 3). Based on their similar
forward and side scatter properties, the XN-series classified
‘hairy cells” as monocytes, which resulted in a spurious
‘monocytosis” flag. No white cell precursor scatterplot
was generated by the instrument, suggesting that the
white cell precursor channel (which detects abnormal
lymphocytes or blasts) was not reflexed. Similarly, in
five of six HCL cases evaluated by Tofan et al’ a
pseudomonocytosis
differential counts were performed on the Sysmex XN-

was generated when automated
series. This impaired separation of mononuclear cells was
ascribed to the larger size and more abundant cytoplasm of
the leukaemic cells.’

The WBC flagging performance of the XN-series has been
evaluated in several studies, including two local studies
performed in NHLS laboratories.®'>¢ Ramiah et al®
demonstrated sensitivities and specificities of 90% and 96.2%
for the “abnormal lymphocyte” flag, and 84.3% and 97% for
the ‘monocytosis’ flag. Three samples (1.2%) were erroneously

Lymphocytes _* Monocytes

SFL

Basophils + Neutrophils

" Eosinophils

2 | | |

SSC

Debris

WDF

b

SFL

Note: Please see full reference list of Kennedy SJ, Van Marle A-C. ‘Pseudomonocytosis on a Sysmex XN haematology analyser masking the monocytopenia of hairy cell leukaemia in a South African
woman’, Afr J Lab Med. 2025;14(1), a2617. https://doi.org/10.4102/ajlm.v14i1.2617 for more information.

SFL, forward scatter; SSC, side scatter; WDF, white cell differential.

FIGURE 3: (a) The white cell differential channel on the XN-series (Sysmex Corporation, Kobe, Japan) primarily classifies white blood cells. This normal scattergram displays
lymphocytes, monocytes, eosinophils, basophils, neutrophils, and debris.** (b) The white cell differential scattergram for our case, performed on a Sysmex XN-1000 at a
regional laboratory in North West province, South Africa in June 2023, demonstrated a large population of cells in the ‘monocyte window’.
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flagged as ‘monocytosis’ where blasts were demonstrated on
microscopy.® Schapkaitz et al.’* evaluated the performance of
the Sysmex XN-9000 and found the white cell differential
and white cell precursor channels to be 100% sensitive for
detecting abnormal lymphocytes. However, neither of these
studies included HCL cases.

The limitations of Sysmex automated FBC haematology
analysers in flagging abnormal results in HCL have not
been widely reported. Furundarena et al."! compared the
performance of Sysmex XN and XE-5000 analysers
in oncohaematologic patients and concluded that both
instruments must improve flagging in HCL. Both analysers
only generated one flag (“Abn Lympho/Blasts?’) in one out
of five HCL samples included in their study."!

Considering the rarity of HCL, this neoplasm may be
underrepresented in the verification studies of XN-series
analysers that have been performed to date. Further studies
are needed to evaluate the performance of the XN-series,
specifically in HCL.

Conclusion

Monocytopenia may prompt early investigation for HCL in
the right clinical scenario. However, haematology analysers,
such as the Sysmex XN-series, that rely on cytochemistry
with fluorescence flow cytometry may artifactually report
‘monocytosis” in HCL. With the nationwide introduction of
the Sysmex XN-series in NHLS laboratories, this case serves
as a reminder that a manual differential count and
morphologic review of suspicious results remain important
in the era of automation.
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