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Abstract.

Recently, the XE-2100 hematology analyzer was investigated in a rather small patient group; pseudoeo-

sinophilia or abnormal white blood cell (WBC) scattergrams reported by this instrument were considered as significantly
valuable diagnostic parameters in detecting vivax malaria. This study was conducted not only to assess the usefulness of
pseudoeosinophilia or abnormal WBC scattergram in vivax malaria-endemic areas with large patient groups (N = 1,801)
but also to investigate the correlation of parasitemia and platelet count with pseudoeosinophilia and abnormal WBC
scattergrams. Of the 1,801 analyzed patients, 413 (22.9%) were found to have malaria by Wright-Giemsa stained blood
smears. Overall, either pseudoeosinophilia or abnormal WBC scattergram was detected in 191 of 413 malaria patients and
4 of 1,388 patients without malaria (sensitivity = 46.2%, specificity = 99.7% ). We suggest that clinical hematology laborato-
ries using the XE-2100 analyzer should be aware of such specific parameters, even with the absence of a clinical request.

Malaria diagnosis has relied on clinical observations and
diagnostic tests, usually microscopic detection of Plasmodium
spp. of Giemsa-stained blood smears and malaria-antigen or
antibody-detection assay. The disadvantage of these diagnos-
tic tests is that they are performed only if there is a clinical
request. However, complete blood count (CBC) is almost
always requested without exception as part of the routine
investigation in febrile patients. There are some reports using
routine automated hematology analyzers for presumptive
diagnosis of malaria infection. Most reports are studies regard-
ing abnormal depolarizing patterns of the Cell-Dyn hematol-
ogy analyzer (Abbott Diagnostics, Santa Clara, CA)."* Recent
studies from South Korea investigated pseudoeosinophilia
and abnormal white blood cell (WBC) scattergrams of vivax
malaria-infected patients on a Sysmex XE-2100 hematology
analyzer (Sysmex Corporation, Kobe, Japan).”® Because the
sensitivity and specificity of these methods were apparently
high, its application to early detection can lead to a significant
reduction in patients’ morbidity and mortality.>®

Previous studies had limitations of a rather small patient
number and their inaccurate evaluation of parasitemia. The aim
of this study was to assess the usefulness of pseudoeosinophilia
and abnormal WBC scattergrams for the diagnosis of malaria
and to investigate correlation of parasitemia and platelet count
with pseudoeosinophilia and abnormal WBC scattergram.

This study was conducted in the department of laboratory
medicine of a large teaching hospital (Ilsan Hospital) located
at a vivax malaria-endemic area in Korea during 36 months
between January 2006 and December 2008. After obtaining
informed consent, a total of 1,801 ethylenediaminetetraacetic
acid (EDTA)-anticoagulated samples were submitted for both
CBC analysis and malaria smears. Real-time polymerase chain
reaction (RT-PCR) assay was conducted for determination of
parasitemia level. Malaria patient group was composed of
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413 patients that were initially diagnosed with Plasmodium
vivax infection (276 males and 137 females). A diagnosis of
malaria was made by examining Wright—Giemsa stained thick
and thin blood smears. The tests were performed no more
than 5 hours after blood drawing. This study was reviewed
and approved by the Research Ethics Board of the National
Health Insurance Corporation at Ilsan Hospital.

All samples were analyzed with the Sysmex XE-2100 hema-
tology analyzer. The Sysmex XE-2100 measures WBCs by flow
cytometry using a semiconductor red-diode laser to detect for-
ward- and side-scattered light information. Red-cell lysis was
performed using a reagent that selectively suppressed the
degranulation of basophils, resulting in their separation from
other forms of WBCs. The differential count (DIFF) chan-
nel uses side scatter and fluorescence intensity after staining
nuclear DNA/RNA with specific dyes, and it is the source of
information for counts of neutrophils, lymphocytes, monocytes,
and eosinophils. An organic acid reagent binds specifically to
the granules of eosinophils and allows them to be discrimi-
nated from neutrophils based on their higher side-scatter signal
intensities. In addition, in the DIFF channel, a different total
WBC count (sum of five-part DIFF) is presented together with
the ratio of both WBC counts (WBC-DIFF/WBC-basophil
[BASO]). When this ratio is not close to one, results of the
differential WBC analyses are not displayed (error message
means abnormal WBC scattergram). Manual WBC differen-
tial counting was also performed by microscopic examination
of Wright-Giemsa-stained smears. Atypical features were cat-
egorized as pseudoeosinophilia (a gap of more than 5% in
eosinophil counts between the Sysmex XE-2100 analyzer and
microscopic examination) and abnormal WBC scattergram.®

Parasitemia was calculated by RT-PCR technology, essen-
tially as described previously’ A malaria RG PCR kit
(QIAGEN, Hamburg, Germany) was used with the Rotor-
Gene Q (QIAGEN, Hamburg, Germany). Malaria patients
were subgrouped as a low parasitemia group (< 500 copies/
UL) and a high parasitemia group (= 500 copies/uL).8

Statistical tests were performed using the Statistical
Package for the Social Sciences (SPSS) for Windows, Release
12.0 (SPSS Inc., Chicago, IL). Comparisons of parameters
were performed with Student’s ¢ test, and correlation analyses
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were performed using Pearson’s correlation test. A value of
P < 0.05 was considered statistically significant, and values
were expressed as mean + standard deviation (SD).

Of the 1,801 analyzed patients, 413 (22.9%) were found to
have malaria by Wright-Giemsa-stained thick and thin blood
smears. All patients suffered from P. vivax malaria, of which
130 had low parasitemia and 283 had high parasitemia. Table 1
presents findings of the Sysmex XE-2100 analyzer for 1,801
analyzed patients. Using pseudoeosinophilia for the diagno-
sis, the sensitivity and specificity were 39.0% and 100%. Using
WBC abnormal scattergrams for the diagnosis, the sensitivity
and specificity were 15.7% and 99.7%. Overall, either pseu-
doeosinophilia or WBC abnormal scattergrams were observed
in 191 of 413 malaria patients and in 4 of 1,388 patients with-
out malaria (sensitivity = 46.2%, specificity = 99.7%). In the
subgroup of malaria patients with parasitemia, either pseu-
doeosinophilia or abnormal WBC scattergram was observed
in 41 of 130 patients with low parasitemia (31.5%) and 150 of
283 patients with high parasitemia (53.0%).

In 161 malaria patients with pseudoeosinophilia, the mean
neutrophil counts by Sysmex XE-2100 analyzer and microscopic
examination were 58.5% and 71.3%, respectively. The mean
eosinophil counts by Sysmex XE-2100 analyzer and microscopic
examination were 16.7% and 0.8%, respectively (Table 2).

The patients without pseudoeosinophilia or abnormal
WBC scattergrams showed significantly lower parasite counts
(2354.3 £ 3542.1 copies/uL versus 10682.3 + 3458.2 copies/uL)
and higher platelet count (71.6 + 36.3 10*/uL versus 51.4 +25.6
103/uL) than the patients with pseudoeosinophilia or abnor-
mal WBC scattergram (P < 0.05; Table 3). It was evident that
pseudoeosinophilia was significantly correlated with the para-
site count (P < 0.001; Figure 1).

Automated hematology analyzers are capable of detecting
specific abnormalities in the blood of patients with malaria.
The Cell-Dyn (CD) 3500 (Abbott Diagnostics) is the first
automated analyzer to detect malaria hemozoin in monocytes
according to their abnormal depolarizing pattern.>® In addi-
tion, hemozoin-containing neutrophils are probably misiden-
tified as eosinophil, because other features of neutrophils are
shared with eosinophils.'” Hemozoin is produced by maturing
malarial parasites and is the end product of hemoglobin diges-
tion, consisting of a polymer of heme groups.>!!

Several authors have described pseudoeosinophilia or abnor-
mal WBC scattergrams as a result of hemozoin-containing
neutrophils using the Sysmex XE-2100 analyzer.”®!> The
Sysmex XE-2100 analyzer differentiates eosinophils from neu-
trophils based on side light-scattering differences. The neutro-

TaBLE 1

Findings with the Sysmex XE-2100 analyzer for 1,801 patients with or
without malaria infection

No. (%) of patients

Total ‘WBC abnormal 1-2

patients  Pseudoeosinophilia scattergram abnormalities
P, vivax overall 413 161 (39.0) 65(15.7) 191 (46.2)
Low parasitemia 130 35 (27.0) 14 (10.8) 41 (31.5)
High parasitemia 283 126 (44.5) 51(18.0) 150 (53.0)
None 1,388 0 (0) 4(0.3) 4(0.3)
Sensitivity (%) 39.0 15.7 46.2
Specificity (%) 100 99.7 99.7
PPV (%) 100 94.2 97.9
NPV (%) 84.6 79.9 86.2

PPV, positive predictive value; NPV, negative predictive value.

TABLE 2
Comparison of differential count between results with the Sysmex
XE-2100 analyzer and results with microscopic examination in 161
patients with pseudoeosinophilia

Differential count [mean + SD (%)]

Sysmex XE-2100 Microscopic exam Mean difference

Neutrophil 585 +61.1 71.3 +14.8 12.9
Lymphocyte 22.1+12.7 214+ 134 0.8
Monocyte 8250 6.1 4.7 2.0
Eosinophil 16.7 £10.2 08+1.1 16.0
Basophil 0.6+0.8 01+04 0.5

phils may show considerable side light scattering because of
the birefringent character of hemozoin, and therefore, hemo-
zoin-containing neutrophils may be incorrectly classified as
eosinophils or two atypical eosinophil populations and two
neutrophil populations.”® Furthermore, because hemozoin in
WBC seems to be a sensitive indicator of prognosis, an auto-
mated hematology analyzer may offer a new way to assess dis-
ease severity.® In this study, the mean difference in eosinophil
counts between the Sysmex XE-2100 analyzer and microscopic
examination was 16.0%,and the mean difference in neutrophil
counts was 12.9%. This difference could be explained by the
incorrect classification of hemozoin-containing neutrophils as
eosinophils in malaria patients.

In this study, the overall sensitivity (46.2%) and specificity
(99.7%) of the Sysmex XE-2100 analyzer for the detection of
malaria were lower than in the previous study of South Korea
(69.4% and 100%, respectively).® In several studies, the per-
centage of hemozoin-containing WBCs varied according to
populations, age, and disease activity.’*> A remarkable reduc-
tion in sensitivity in this study was probably caused by the
presence of younger and fewer circulating parasites, severity
of infection, and host immunity factors,'®** which produced
less hemozoin and were below the analyzer detection limits.
Our study group was larger (1,801 patients) than that of the
previous study of South Korea (463 patients),® but further
evaluation will be needed with larger samples.

Our results showed that samples with pseudoeosinophilia
or abnormal WBC scattergrams had significantly higher
parasite counts and lower platelet counts than the samples
without pseudoeosinophilia or abnormal WBC scattergrams
(P < 0.05). Because the half-life (6-7 hours) of neutrophils is
short,' recent parasite counts could be reflected by pseudoe-
osinophilia or abnormal WBC scattergrams on the Sysmex
XE-2100 analyzer. In addition, the Sysmex XE-2100 analyzer
could be used as a clinical follow-up parameter.

TaBLE 3
Comparison of parasite counts and platelet counts between samples
with and without atypical features on the Sysmex XE-2100 analyzer
in 413 malaria-infected patients

Parasite count Platelet count
mean + SD (copies/uL) P value mean = SD (10/uL) P value

Pseudoeosinophilia
Positive (N =161)  4,384.5 £ 6,371.2 0.003
Negative (N =252) 1,863.4 +1,567.6 0.003

WBC abnormal scattergram
Positive (N =65)  15,735.2 £ 19,635.5 0.002
Negative (N =348) 2,578.9 +4,506.3 0.002

Either or both abnormalities
Positive (N =191) 10,682.3 +3,458.2 0.000
Negative (N =222) 2,354.3 +3,542.1 0.000

56.2 £24.5 0.003
79.4 447 0.003

42.7 +33.3 0.000
73.1+£41.7 0.000

51.4+25.6 0.001
71.6 +36.3 0.001
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Ficure 1. Correlation graph of parasitemia (y) against pseu-

doeosinophilia as measured by the Sysmex XE-2100 analyzer (x).
Regression line was y = 185.4x + 1368 (r = 0.270; P < 0.001; N = 161).

In conclusion, the Sysmex XE-2100 analyzer is capable of
detecting specific abnormalities in the blood of patients with
unexpected malaria. Although its overall sensitivity is limited
compared with the sensitivities of conventional diagnostic
methods such as Giemsa-stained thick blood films, the speci-
ficity is high. Therefore, the attention to pseudoeosinophilia
and abnormal WBC scattergrams provided by the Sysmex
XE-2100 may be useful in the detection of unexpected malaria.
Because it is likely that general screening tests like a CBC are
always undertaken for patients who present with fever, it can
be expected that noticing these abnormalities could prevent
delay in the diagnosis of malaria. Clinical hematology labo-
ratories operating the Sysmex XE-2100 analyzer should be
aware of these specific parameters, even in the absence of a
clinical request. Further studies with XE-2100 analyzer for the
detection of unexpected malaria infection are needed in other
ethnic groups and patients with non-vivax malaria.
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