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Abstract

Objectives: Routine blood examination, one of the most
commonly performed tests in clinical laboratories, directly
reflects the overall state of the body such as inflammation,
anemia, and thrombocytopenia. The accuracy of these
indicators by tests may be perturbed by various factors
including anticoagulants, antibodies, and temperatures.
Pseudoleukopenia caused by leukoagglutinationwas rarely
described in the literature.
Case presentation: We report a rare and unusual pseudo-
leukopenia case of a 75-year-old female with a stroke.
Blood samples from the patient were collected using
different anticoagulants and determined the hematologic
parameters and blood smears. We observed the extent
of leukocyte aggregation at different anticoagulants or
temperatures. The intensity of leukoagglutination was
attenuated after incubating at 37 °C for 30 min. After
anti-infection treatment and symptomatic treatment,
the leukoagglutination of the patient gradually weakened.
Conclusions: We have found the reason for the pseudo-
leukopenia and the leukocyte aggregation phenomenonmay
vary with disease progression.

Keywords: aggregation; EDTA; leukoagglutination;
pseudoleukopenia.

Introduction

With the widespread application of the automated hae-
matology analyzers (HA) in the clinical laboratory, a timely
and accurate detection has become particularly important.
Complete blood count (CBC) is one of the most prevalent
blood tests, which can provide haematology parameters,
such as erythrocytes, leukocytes, and platelet counts [1].
Platelet agglutination which falsely results in lowering
platelet count and elevating white cell count has been well-
known by laboratory professionals and gained particular
attention in daily work [2–4]. Likewise, a similar phenom-
enon has also been found inwhite blood cells (WBC) or even
rarer. It was first reported that spurious leukopenia was
caused by neutrophil aggregation in 1983 [5]. Since then,
a small number of cases with leucoagglutination have
been reported [6–8]. Herein, we report a case of spurious
WBC count.

Case presentation

A 75-year-old female patient with a history of diabetes
mellitus and hypertension was admitted to the hospital
because of sudden syncope accompanied by left-sided limb
impairment. Subsequently, she developed progressive
consciousness disturbance, atrial fibrillation and gastro-
intestinal bleeding. After admission, she received symp-
tomatic treatment. On examination, she was afebrile, with
mild disorders of consciousness but vitally stable. While
neurological examination showed the muscle strength of
her left upper and lower extremities was at grade I and
grade II respectively, and a positive Babinski sign on the left
side. Muscle strength in the right was normal.

The blood routine tests at admission were as follows:
White blood cell count 15.60×109/L, neutrophils 92.1%,
lymphocytes 5.2%, red blood cell count 3.31×1012/L, and
hemoglobin 90 g/L. No autoantibodies were detected and
the fecal occult blood test was negative. The results of
laboratory examinations are presented in the Supplemen-
tary Material. After admission, the patient was adminis-
tered the infusion of human albumin solution and
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suspended red blood cells due to gastrointestinal bleeding
and blood coagulation disorder.

On day 43rd following hospital admission, it was observed
that there were significant differences in the WBC counts and
classification between BeckmanDxH-800 Coulter andMindray
BC-5180 for the blood sample (Table 1). Interestingly, ‘NE blast’
was warned by the Coulter analyzer at that time, but no
warning cue at BC-5180. No aggregation of leukocytes was
detected on two haematology analyzers. Microscopically,
clumps with leukocytes as well as streets with several
hundreds of leukocytes were demonstrated. These aggregates
were found to be composed of a variable number of neutro-
phils, some of which contain monocytes or lymphocytes

(Figure 1A–C). After incubation at 37 °C for 30min, we repeated
the CBC on instruments and a peripheral blood smear. A
marked increase in total leukocyte count of the incubated
sample in Beckman DxH-800 Coulter, but no major change in
BC-5180 was evident (Table 1). Meanwhile, a terminal blood
sample collected at the bedside was used to measure CBC and
prepare blood smears stained with Wright–Giemsa stain. The
agglutinated phenomena with slightly lower intensity were
also observed in the capillary blood specimen and the incu-
bated sample (Figure 1D–F). Five days later, the blood routine
tests were conducted again which revealed similar results
(Table 2). Inparticular, leukoagglutinationwasalsoobserved in
blood anticoagulated with citrate (Figure 2A, B). Half a month
later, the agglutination phenomenon was attenuated in EDTA
or citrate-anticoagulated samples (Figure 2C–E). There
were no significant differences in leukocyte count and classi-
fication on two haematology analyzers (Table 3). Given the
poor prognosis of the patient, her family chose to forgo further
therapy and she was discharged from the hospital.

Discussion

The rare aggregation phenomenon has been reported
worldwide sporadically over the last several decades, but its
etiology remains unknown [9–11]. Ethylenediaminetetra-
acetic acid (EDTA) can induce platelet aggregation, which is

Table : The first detection of routine blood tests.

Beckman
DxH-
coulter

Mindray
BC-

Mindray BC-

Type EDTA anticoagulation
tube

Terminal blood sample

Temperature, °C     

WBC, ×/L . . . . .
NE% . . . . .
LY% . . . . .
MO% . . . . .
EO% . . . . .
BA% . . . . 

Figure 1: The agglutination phenomenon of samples under various temperature conditions. (A–C) Blood smears of an EDTA sample. (D) Blood smears of
an EDTA sample after incubation at 37 °C for 30 min. (E, F) Blood smears of a terminal blood sample. Notably, the larger size of aggregates in EDTA blood
compared to later other smears. Wright–Giemsa stain (C: ×400; A–F: ×1,000).
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EDTA-dependent pseudothrombocytopenia (PTCP) [12]. It
has been reported that various diseases are associated with
EDTA-induced platelet agglutination and leukocyte aggluti-
nation, such as malignant tumors, liver diseases, autoim-
mune diseases, or infections [10, 13].

Such a phenomenon has been previously reported
for an EDTA-dependent IgM antibody [14]. In this case
report, the leukocyte aggregation has been not restricted to
anticoagulated whole blood, being observed also in the
finger-prick blood samples. This was in accordance with
the phenomenon observed by Claviez et al. [15]. In partic-
ular, leukocyte aggregation may show different degrees in
different anticoagulants with stronger aggregation in

EDTA than that in sodium citrate. We cannot determine
whether EDTA was solely responsible for the difference in
the degree of leukocyte aggregation due to the lack of
antibody detection in the case. But the possible reason
for bigger clumps of leukocyte aggregation may be
EDTA facilitated strong aggregation of leukocyte clumps.
Concomitantly, the leukocyte aggregates in the blood at
room temperature were shown to yield larger sizes
compared to the incubation at 37 °C (Figure 1A–D). This
phenomenon was reported previously, but the mechanism
has not been defined [16]. Although no formal laboratory
proof of antibodies in serum could be achieved, the changes
in the classification and counts of leukocytes with Beckman
DxH-800 Coulter after incubating indicate that the aggre-
gation may be partially mediated through cold agglutinins.

The large aggregates (several hundreds of leukocytes)
seen on blood smears might be overlooked in HA because
these aggregates cannot flow into the counting aperture.
The counting pore diameters on both HAs are 100 μm,
which are much less than the diameter of aggregates con-
taining dozens or hundreds of leukocytes. The different
results of classification and counts of leukocytes for the
same tube on Beckman DxH-800 Coulter and Mindray
BC-5180 are rarely reported (Tables 1, 2). The significant
discrepancies in results between the two HAs (Coulter
S-Plus Ⅳ and Sysmex E-5000) were observed previously
only by Rohr et al. [10]. On the same counting aperture
basis, this discrepancy could be probably attributed to the

Table : Subsequent detection of routine blood tests.

Beckman
DxH- coulter

Mindray BC- Mindray
BC-

Type EDTA Sodium
citrate

EDTA Sodium
citrate

Terminal
blood sample

WBC,
×/L

. . . . .

NE% . . . . .
LY% . . . . .
MO% . . . . .
EO% . . . . .
BA% . . . . 

All tests were performed at room temperature.

Figure 2: The agglutination phenomenon of samples fromdifferent anticoagulants at various time points. (A) Blood smears of an EDTA sample. (B) Blood
smears of a sample anticoagulated with sodium citrate. (A, B) Blood samples were taken five days after themost recent test. (C) Blood smears of an EDTA
sample. (D) Blood smears of a sample anticoagulated with sodium citrate. (E) Blood smears of a terminal blood sample. (C–E) Blood samples were taken
after half a month. Meanwhile, the aggregation phenomenon was reduced. Wright–Giemsa stain (×1,000).
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different lysing agents which have the depolymerization
effect differently for aggregates of varied sizes.

From day 34 after admission, the patient had gastrointes-
tinal bleeding, as well as abnormal coagulation-related
indicators (PT: 54.9 s, D-dimer: 32500 ng/mL). The deteriora-
tion of the patient may also have contributed to induce
aggregation of leukocytes. There might be abnormal proteins
or antibodies in the blood, which could trigger leukocyte
aggregation. We propose that the deterioration of the patient
may be contributed to induce the aggregation of leukocytes.
Reexaminations of blood routine after half a month of
treatment already have shown that there were no obvious
differences between the two different HAs or between
anticoagulated blood and non-anticoagulated terminal blood.
The last measurement suggests the phenomenon in the patient
may be transient and weakens until it eventually disappears
over time, as in such published cases [7, 10, 16, 17]. As the
disease progresses, the patient developed hypoproteinemia
(ALB: 22 g/L) despite supplements of albumin. Low albumin
levels may lead to an immunosuppressed condition [18]. We
propose that immunosuppression states may be one of the
reasons for the disappearance of leukocyte aggregation.
Regrettably, due to limited laboratory facilities and inadequate
testing capacity, we couldn’t further confirm the exact reason
for leukocyte aggregation. Nevertheless, awareness of leuko-
cyte aggregation for every laboratory personnel can assist in
distinguishing pseudoleukopenia thus preventing misdiag-
nosis and inappropriate treatment in the clinic.

Conclusions

In conclusion, we found an uncommon coincidence of
leukocyte aggregation, which is likely to be a multifactorial
phenomenon that varies with disease progression.
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