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Lymphocytosis

ABSTRACT

Background and objectives: Differential diagnosis
between clonal lymphocytosis (CL) and reactive lymphocytosis
(RL) is often established through blood smear examination but
with some limitations. We aimed to evaluate ability of clinical
data and extended-cells blood count (CBC) parameters to
discriminate CL from RL and to establish a decision-making
algorithm for moderate lymphocytosis in adults.

Methods: A total of 85 samples were collected from
adults with absolute lymphocytescount of >5G/I. The samples
were divided into RL group (n=34) and newly diagnosed CL
group (n=51).Demographic data, CBC parameters including high
fluorescence lymphocytes cells percentage (HFLC%) and
abnormal lymphocytes or blasts (’AbnLym/BL’”) morphological
flag were evaluated for each study group. New threshold for
discriminating parameters were determined using receiver
operating characteristic (ROC) curves and used in an algorithm
for moderate lymphocytosis.

Results: Age, high lymphocytes count and the presence
of the ’AbnLym/BL”’ flag and low HFLC% were predictor of
malignant lymphocytosis. Age threshold of 62.5 years and
absolute lymphocytes count of > 10.47 G/I were highly effective
in CL detection with area under the ROC curve of 0.9 and 0.99,
respectively. In addition, HFLC% showed an area under the
ROC curve of 0.71. Considering ALC threshold of 10.47 G/I
alone, a sensitivity of 96.7% and a specificity of 100 % were
achieved. For moderate lymphocytosis ranging between 5 and
10.47Gl/1, no false positive or negative result was detected when
we considered both the proposed ALC and age cut-offs.

Conclusion: A combination threshold for ALC and age
appears to be helpful for screening CL, especially in moderate
lymphocytosis for both laboratory and clinical routine practice.

Keywords: Lymphoproliferative disorders,
Lymphocytosis, Adults.
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INTRODUCTION

Lymphocytosis is a common observation in
laboratory and clinical practice.
Lymphocytosis of benign origin is called
reactive lymphocytosis (RL), but it could also
be caused by infections with viral (Epstein-
Barr virus, cytomegalovirus), bacterial
(Mycoplasma pneumoniae, Treponema
pallidum) or parasitic (Toxoplasma gondii)
agents. In these situations, lymphocytosis
usually normalizes after resolution of the
antigenic stimulus (1). Endocrine disorders
(thyrotoxicosis), autoimmune diseases
(rheumatoid  arthritis,  systemic  lupus
erythematosus, etc.), smoking, splenectomy or
some medications may also induce RL (1, 2).
Unlike RL, malignant lymphocytosis or clonal
lymphocytosis (CL) is less common and
include acute lymphoblastic leukemia and
chronic lymphoproliferative disorders (LPD).
The World Health Organization classification
of lymphoid neoplasia in 2016recognizes
several entities according to their clinical,
morphological, immunophenotypic,
cytogenetic and molecular characteristics (3).
It is important for biologists to be able to
distinguish RL from CL. Both the
International Society  of Laboratory
Hematology (ISLH) (4) and the Francophone
Group of Cellular Hematology (GFHC) (5)
recommend the analysis of blood smears for
peripheral blood lymphocytosis> 5 G/l.
Although blood smear review often allows the
distinction between CL and RL, this process
can be less efficient in cases of moderate
lymphocytosis (6). Moreover, there are
morphological features that could be confusing
such as the presence of atypical lymphocytes
encountered either during viral infections or
during leukemia (7).

Meanwhile, advances in hematology analyzers
have improved the ability to detect lymphocyte
population’s changes in peripheral blood
samples through the use of hematologic
research parameters such as the high
fluorescence lymphocyte cell (HFLC) count.
This structural parameter identifies activated
lymphocytes in a six-part differential channel
using a flow cytometry principle (8). However,
HFLC is not yet commonly used, probably
because of lack of specific reference ranges
and quality control as well as the lack of data
regarding its diagnostic value (8, 9).Moreover,
hematology = analyzers  can generate
morphological flags that may encourage a
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blood smear review. However, these flags may
have low sensitivity and specificity.

Among conventional hematologic parameters,
absolute lymphocytes count (ALC) was
reported to be helpful for screening LPD (10,
11). Some algorithms have been proposed to
discriminate CL from RL but none has
integrated HFLC (10-13). The present study
aimed to evaluate performance of the extended
complete blood count (CBC) parameters
including HFLC and morphological flags on
Sysmex XT4000i® analyzer and to determine
thresholds of discriminating CL and RL
variables. Ultimately, we proposed an
algorithm for moderate lymphocytosis in
adults.

MATERIALS AND METHODS

Blood samples from adult patients (age>18
years) with absolute lymphocytosis (> 5G/I)
were prospectively collected over a 4-month
period. The specimens were sent from
inpatient and outpatient departments to the
Hematology Laboratory of our University
Hospital. Blood was collected in standard
K,EDTA tubes. Then, CBC including HFLC
analysis and blood smear preparation was
performed using the Sysmex XT4000i® within
four hours of sample collection. Samples from
the emergency department were not included
since they were performed using another
analyzer.

The Sysmex XT4000i® (Sysmex Corporation,
Kobe, Japan) is a hematology analyzer that
performs based on impedance method and
fluorescence flow cytometry using a laser light
after treatment of the cells with lysing reagents
and specific fluorescent dyes that bind to
nucleic acids and cytoplasmic organelles. The
forward-scattered light is proportional to the
cell size. The side-scattered light is
proportional to the internal structure and
complexity of the cell. The lateral fluorescent
light is related to RNA and DNA
concentration in the cell. Data obtained from
the analyzer are presented through
scattergram. Extended information processing
unit provides data on HFLC, which is
quantified by the analyzer’s Diff channel and
expressed as a percentage of the total number
of leukocytes. This parameter reflects a high
RNA content cells, such as activated cells i.e.
B lymphocytes secreting antibodies or plasma
cells. The Sysmex analyzer can also detect the
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presence of circulating abnormal cells and
trigger morphological flags such as abnormal
lymphocytes or blasts flag (AbnLym/BL) as
well as abnormal scattergram (abnormal
scatter).In our study, the analyzer operated in
routine mode according to the manufacturer’s
instructions. Three levels of internal quality
controls were regularly evaluated. Numerical
data and qualitative flags were recorded and
studied for all samples.

Blood films were prepared and stained with
May-Griinwald Giemsa staining. Smears were
reviewed for cytological features by an expert
hematologist who was blind to patients’
demographics and clinical information.
Samples exhibiting nucleated red blood cells
were excluded from the study.

The evaluated morphological criterion was the
presence of atypical lymphocytes and smudge
cells.

Patients’ demographic, clinical and laboratory
data were obtained from medical records. Two
groups of CL and RL were formed. The clonal
origin of lymphocytosis was confirmed by
flow cytometry and/or histological data (if
bone marrow biopsy had been performed). In
the CL group, all patients were diagnosed
within the two years preceding the study and
were not on chemotherapy at the time of
sample collection. The reactive origin of
lymphocytosis was defined as a decrease in
lymphocytosis during hospitalization or the

demonstration of clinical or biological pattern
showing recent infection.

All data were analyzed with the SPSS 19.0
software. The Shapiro-Wilk test was used to
determine normal distribution of continuous
variables. Unpaired Student t-test was used to
compare age and absolute lymphocytes count
between the two groups. The Mann-Whitney
U test was used to compare other continuous
variables. Qualitative morphological flags
were compared using the Fisher exact test.
Receiver operating characteristic (ROC)
curves were generated. The areas under the
curve (AUC) were analyzed and values above
0.7 indicated favorable diagnostic accuracy.
Discriminatory parameters, optimal cut-offs,
sensitivity and specificity were established
using the ROC curve analysis. The accuracy
was calculated by 2 x 2 truth tables as follows:
Accuracy = (true negative + true
positive)/(true negative + true positive + false
negative+ false positive). A p-value of < 0.05
was considered statistically significant.

This study was carried out on routine samples
collected  for  diagnostic  procedures.
Parameters were obtained without any
additional cost and without compromising the
results of the clinical analysis. The study
protocol was in accordance with the
Declaration of Helsinki. The ethical clearance
for this study was obtained from the local
institutional review board.

Table 1-Comparative analysis of clinical and hematological parameters in CL and RL aroups

Variable Clonal Lymphocytosis Reactive Lymphocytosis P-value
Age (years) 71,43 £10 ,67 49,69 £14,2 <10®
Gender (Male/Female) 24/27 17/17 0.827
WBC (G/1) 54.388 + 4. 898 14.022 +3.377 <10*®
Absolute Lymphocytes (G/I) 46.478 + 46.341 5.916 + 1.063 <10®
Neutrophils (G/I) 4.191 +2.990 6.531 +2.789 <10*®
Eosinophils (G/I) 237.45 + 305 302.65+ 282.32 0.316
Basophils (G/I) 90.1 39 89.41 + 16 0.4
HFLC (%) 0.049£0.11 0.153 £ 0.267 0.01
1G (%) 0.3+0.39 0.54 +£0.89 0.1
RBC (10%/u1) 3.74+0.09 4,64 +0.08 <10°®
Hemoglobin (g/dI) 10.76 £2.7 12.8+2.46 10%
MCV (fl) 90.71 +11.89 84.14 + 12.44 <10°
MCH (pg) 28.97 +3.89 27.97 + 464 0.28
RDW (%) 16.05 + 2.64 1532+ 2.46 0.2
Platelets (G/I) 209.961 + 201.787 381.735 + 152.904 <10*

lymphocyte, 1G : immature granulocytes, RBC : red blood cells, MCV : mean corpuscular volume, MCH: mean
corpuscular hemoglobin, RDW : red distribution width, SD standard deviation
P-values in bold italics are statistically significant (<0.05)

Absolute lymphocytes count ranged from 6.92
to 173.11G/l in the CL group and from 5 to
9.93G/I in the RL group. The ROC, AUC and
related data are displayed in table 2.

The results showed that WBC, ALC and
patient’s age allowed excellent discrimination
between CL and RL (Figure 1).
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RESULTS

Ninety samples (lymphocytosis> 5G/L) from
67 patients were collected during the study
period. Five samples were excluded because of
interference due to the presence of nucleated
red blood cells in the blood films. Overall, 85
samples were divided into two groups of CL
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(n=51) and RL (n=34).There were 38 cases of
chronic lymphocytic leukemia (CLL), 12 cases
of LPD non-CLL and one case of acute
lymphoblastic leukemia. Demographic
characteristics and extended CBC findings of
the two groups are presented in tablel.

Table 2-Performance of the discriminating parameters between clonal and reactive lymphocytosis and determination of
their cut-offs

AUC 95% confidence p-value Cut-off Sensitivity Specificity Accuracy
interval
Age (years) 0.9 [0.834-0.97] <10° 62.5 74.5% 82.4% 80.3%
Lymphocytes 0.99 [0.983- 1] <107 10.47 96.7% 100% 96%
Gy
WBC (G/l) 0.94 [0.893- 0.994] <107 17.745 88% 85.3% 92.15%
Neutrophils (G/1) 0.74 [0.642- 0.854] <107 4.87 70% 76.5% 74.5%
HFCL % 0.71 [0.6- 0.829] 107 0.05 76.5% 67.6% 76.5%
Hemoglobin 0.70 [0.593- 0.816] 10° 11.45 69% 7% 75.1%
(g/dl)
Platelets (G/I) 0.83 [0.739- 0.924] SE 2425 74.5% 82.4% 80.4%

P-value, in bold indicates a significant difference (<0.05)

Sarnsivian

Age

1. Eparsaes

Rt

Absolute lymphocytes count

1-bpaciis

Fempmivne

White Blood Cells count

1-Epsrfyme

farimiean

HFLC %

1. Spacifaing

Figure 1 -ROC curves of discriminating parameters. A:Age,B:WBC count, C:ALC, D: HFLC percentage

Absolute lymphocytes count ranged from 6.92
to 173.11G/l in the CL group and from 5 to
9.93G/I in the RL group.

The ROC, AUC and related data are displayed
in table 2. The results showed that WBC, ALC
and patient’s age allowed excellent
discrimination between CL and RL (Figure 1).
The “AbnLym/BL’> and ‘’abnormal
scatter’” flags showed a statistically

significant association with CL status,
while “’AbnLym/BL’’ demonstrated high
positive likelihood ratio of 14.97.
Observation of atypical lymphocytes in the
blood smears was significantly associated
with RL (p=10°). However, presence of
smudge cells was suggestive of CL
diagnosis (p=107%).
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The results showed that age, lymphocyte
count, HFLC% and the *’AbnLym/BI’’ flag
were predictor of CL. Therefore, we proposed
the following strategy to detect CL: for ALCof
>10.47 ¢/l, a blood smear is immediately
necessary regardless of the patient’s
age. When a CL morphology is suspected, a
flow cytometry is indicated. In case of
inconclusive blood smear, the integration of
clinical information such as chronic
lymphocytosis, presence of splenomegaly or
adenomegaly, a remote check of the blood
count and blood smear are necessary to decide
a flow cytometric analysis. For moderate
lymphocytosis between 5 G/l and 10.47 G/I, a

blood smear is performed. If the
morphological ~ examination  does  not
distinguish RC from malignant

lymphocytosis, an age-based orientation is
proposed. For patients older than 62.5years,
clinical information is required in order to
decide whether a flow cytometry is indicated
or only a closer control of the blood count is

appropriate. For patients older than 62.5 years
with  HFLC% <0.05% regardless the
’AbnLym/B1”’ flagging a flow cytometry is
indicated. However, in case of HFLC%
>0.05% without flagging, a follow-up with
CBC and blood smears are proposed. When
“?AbnLym/BI”’ is present, patients are likely to
harbor LPD and a flow cytometry should be
considered (Figure 2).
When the malignant morphology is found in
the blood smear examination, a flow
cytometry is suggested. In case of reactive
morphology, a short follow-up of patients with
remote control of ALC and blood films is
proposed. The application of the ALC
threshold of 10.47 G/I alone to our pool of
cases showed a high ability to identify CL
achieving a sensitivity of 96.7% and a
specificity of 100 %.

Moreover, when considering both the ALC
range of 5-10.47G/I and age of 62.5 years old,
there were no false positive or negative results
detected.

[ 5G/L £ LYMPHOCYTES COUNT< 10.47G/L J

o

ONAL LYMPHOCYTE
MORPHOLOGY

BLOOD SMEAR

REVIEW

INCONCLUSIVE BLOOD

REACTIVE
LYMPHOCYTOSIS

Age

262.5YEARS

CHECK FOR:
o CHRONICITYOF
L¥MPHOCYTOSIS
o SPENOMEGALY
o ADENOMEGALY

FLOW CYTOMETRY
ANALYSIS

REMOTECHECK OF
CELL BLOOD COUNT
AND BLODD SMEAR

REMOTE CHECK OF
CELL BLOOD COUNT
AND BLOCD SMEAR

“Abn Lym/BI*
Flag

FLOW CYTOMETRY
ANALYSIS

Figure 2-Proposed decision-making algorithm for moderate lymphocytosis
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DISCUSSION

Rapid differentiation of malignant
lymphocytosis from RL is critical for proper
patient management. The ISLH recommends
the analysis of blood smears as a first-line
examination when discovered a blood
lymphocytosis of more than 5 G/l (4).
However, the cytological examination has its
limits and could be inconclusive. A review of
recent literature has shown interest in using
available research parameters and
morphological flags on hematology analyzers
to optimize the etiological orientation of
lymphocytosis and to save time (11-13). The
pertinence of considering patients’ age for
malignant lymphocytosis screening was also
reported (11). In this study, we assessed the
relevance of searching for parameters that may
be helpful to discriminate CL from RL.
According to our data, advanced age,
leukocytosis and lymphocytosis as well as low
HFLC were predictive of malignant
lymphocytosis. Despite the small sample size
due to non-inclusion of samples from the
emergency department, the majority of our
results were consistent with those of the
literature. Sun et al. reported a median age of
66 years old (range: 47-91 years) in CL group
and 52 years (range: 19-90 years) in RL group
(20). In our study, an age cut-off of 62.5 years
showed an AUC of 0.9 with an accuracy of
80.3%. Other studies reported an age threshold
of between 50 and 67 years old (11,13,14). A
study in France established a cut-off of 60
years with good performance (AUC= 0.875;
95% confidence interval: [0.831- 0.918]; p=10"
3 sensitivity: 83.5%, specificity: 75.6%) (6).
The best cut-off value of ALC in our study
was 10.47 G/l showing an accuracy of 96%.
Andrews et al. suggested a threshold of 4 G/I
for patients over the age of 67 years and >
6.7G/I for patients aged 50 to 67 years (11).In
the study by Sun et al., the optimal cut-off was
about 7G/I (AUC= 0.8894) (10). A previous
study in Italy proposed the threshold of
10G/IB-lymphocytes  for predicting CLL
(15).However, the same threshold was also
reported by Tseng but with poor sensitivity
(AUC: 0.732; sensitivity: 52%) (13).
Currently, the 5G/I lymphocytes cut-off
recommended by the ISLH is widely adopted
by many hematology laboratories as a trigger
for a cytological review (4), but it could be
more reasonable to include the age and ALC
cut-offs than lymphocytosis alone (10, 11).
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According to Tseng et al., for cases with
lymphocytosis between 5 and 10 G/I, age was
used as a discriminatory parameter (AUC of
0.886) and on the selection of patients over 50
years of age, this approach made it possible to
direct the diagnosis towards a CL with a
sensitivity of 93% and a specificity of 62%.
When applied to a validation cohort, the
performance of the thresholds was maintained
while reducing smears review by 50% (13).

As mentioned earlier, the HFLC parameter
indicates the presence of high fluorescence
cells, reflecting a high RNA content
corresponding to activated lymphocytes (T-
cells), plasma cells, large granular
lymphocytes or natural killer cells (8, 16).
These cells are often found in reactive
conditions but could be observed during LPD
in a smaller proportion. As expected, the
association of HFLC% with reactive
lymphocytosis was demonstrated and provided
an AUC of 0.71.Values below 0.05% showed
a sensitivity of 76.5% and a specificity of
67.6%. A lack of sensitivity of the HFLC %
was also reported in another study (6). It is
important to notice that, in general, the search
parameters depend on the hematology analyzer
and do not have a specific reference range or
external quality assurance. All these reasons
could explain why the HFLC parameter is not
commonly used in routine laboratories.
Among the qualitative flags generated by the
Sysmex  XT  4000i®  analyzer, we
demonstrated a significant association between
the ‘AbnLym/BI’ flag and the CL group with
high performance levels. Similar results were
reported in other studies (6, 16). Furthermore,
Brisou et al. demonstrated the reliability of the
combination of ‘AbnLym/BI’ flag and some
structural lymphocyte parameters for defining
blood slide review to screen circulating Sezary
cells and B-cell diseases (17).

In keeping with the recommendations of the
ISLH/GFHC (blood smear for lymphocytosis
greater than 5G/I), we tried to refine the
approach according to the lymphocyte count
by integrating the study cut-offs (10.47 G/l for
ALC and age of 62.5 years). The threshold
ALC of 10.47 G/l had 100% specificity for
LPD. Performance of different thresholds
adopted by other studies did not reach such
specificity (6, 10, 13). But for moderate
lymphocytosis with ALC range between 5G/I
and 10.47G/I, the distinction between CL and
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RL may not be easy. In fact, this situation is
frequent in our practice, and paradoxically
guidelines are still not well-defined. Our
proposed approach for moderate
lymphocytosis is especially useful when the
blood smear is not conclusive. With the
combination of age threshold, no true or false
positive was noticed. In some studies, the
combination of these two parameters also
showed encouraging results with a sensitivity
of 93.8 % and a specificity of 80.8%(6,
10).However, different approaches based on
the wuse of the Ilymphocyte positional
parameters (other extended CBC parameters)
regardless of the patients’ age, may be
beneficial for a routine laboratory
identification of clonal lymphocyte
proliferation (12, 16).

In our study, we also proposed to use the
HFLC% and the "AbnLym/BI' alarm. These
parameters are available on hematology
analyzers without additional cost and could be
useful to help provide guidance for clinical
hematology practice in cases of moderate
lymphocytosis. However, these results should
be interpreted with caution regarding the
relative small sample size and the lack of a
validation cohort.

CONCLUSION

In an era of evidence-based medicine, it is
important to establish specific criteria to guide
decision toward peripheral blood
lymphocytosis. This study emphasized the
usefulness of considering the ALC and age
thresholds as first line orientation, especially
in  moderate lymphocytosis. The clinical
application of combining clinical data,
extended CBC parameters and morphological
flags for discriminating CL and RL merits
further investigation.
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