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Abstract Malaria, an important parasitic disease world-

wide, still has diagnostic challenges in the laboratory.

Many studies have been conducted on the detection ability

of haematology analysers for malaria. We evaluated the

Sysmex XN-series analyser as a tool for detection of

malaria by analysing the leukocyte cell population data

(LCPD), scattergrams and associated Flow Cytometry

Standard (FCS) data from both the WNR (white cell

nucleated) and WDF (white cell differential) channels.

1281 clinically suspected cases of malaria were screened

for malaria by peripheral blood smear examination and

were run in the Sysmex XN-1000 for analysis of haema-

tological parameter data, LCPD, all the scattergrams and

FCS data. 1281 clinically suspected cases of malaria were

screened for malaria by peripheral blood smear examina-

tion and were run in the Sysmex XN-1000 for analysis of

haematological parameter data, LCPD, all the scattergrams

and FCS data. 48 cases had malarial parasite on micro-

scopy; of which, 41 cases were of Plasmodium vivax, 6

cases of Plasmodium falciparum and 1 case of mixed

infection. 46 malaria-positive samples showed certain

patterns of clusters in the scattergrams of both WDF and

WNR channels. A case with only a few ring forms of P.

vivax and another with very low parasite load having only

gametocyte of P. falciparum didn’t show the distinctive

cluster. The most distinctive clusters for all other cases

were seen in WNR (SFL-SSC) and WNR (SSC-FSC)

scattergrams. FCS data for the same were analysed to gate

for those events. The gated events correlated (Spearman

q = 0.77, p\ 0.01) with the parasite load of the patients.

By observing the scattergrams and different parameters in

the Sysmex XN-series analyser, malaria can be detected

from the analyser itself.

Keywords Sysmex � Malaria � Autoanalyzer � FCS �
Haematology

Introduction

Malaria is a highly prevalent febrile illness with dreaded

complications. In routine clinical practice, all febrile cases

undergo complete blood count. Automated haematology

analysers are now widely used for this. Although peripheral

smear microscopy is still the gold standard for diagnosis of

malaria, the haematology analysers are documented for

assisting in the identification of malaria [1].

Cell-Dyn (Abbott Diagnostic, Santa Clara, CA, USA)

uses the depolarization potential of haemozoin pigment of

malaria [2–4]. Numerous works have been done on Beck-

man Coulter (Miami, Fl, USA) haematology analysers

[5–7]. Fourcade et al. [6] determined that the lymphocyte
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and monocyte standard deviation were the most accurate

for malaria detection. Briggs et al. [5] formulated a dis-

criminant factor (malaria factor) using the same. The

Sysmex series of analysers (Sysmex Corp., Kobe, Japan)

have been documented for the identification of malaria

[8–11]. Amongst the Sysmex series of machines, research

work has been done on the XE and XT haematology

automated analysers regarding malaria, but limited litera-

ture is found regarding XN series [1, 10, 12–14].

To the best of our knowledge, the Flow Cytometry

Standard (FCS) data exported from the XN-series has not

been evaluated as a tool to diagnose malaria. We wished to

evaluate the Sysmex XN-10 analyser module as a tool for

detection of malaria by analysing the leukocyte cell pop-

ulation data (LCPD), the scattergrams and associated FCS

data from both the WNR (white cell nucleated) and WDF

(white cell differential) channels.

Materials and Methods

We analysed blood samples from 1281 clinically suspected

cases of malaria who presented in our institute from June

2018 till November 2018.

Peripheral Smear Examination and Malarial

Antigen Detection

Thick and thin smears were prepared from all 1281 sam-

ples, which were stained with Giemsa stain in accordance

with the standard operating procedure (SOP) for malaria

detection by World Health Organization (WHO) [15]. The

smears were subjected to microscopy by two independent

pathologists, unaware of the antigen detection status. Two-

hundred oil immersion fields at a magnification of 10009

were examined before calling the sample negative for

malaria. The evidence of the malarial parasites and the

species identified were documented. Parasite load taking

into the account both the asexual and sexual forms of the

parasite was estimated.

All the samples were also subjected to MPDA assay

with SD Bioline Malaria Ag Pf/Pan (Standard Diagnostics

Inc., Suwon City, South Korea). The results were inter-

preted according to the manufacturer instructions.

Analyser

The samples were processed in the Sysmex XN-1000,

which incorporates the Sysmex XN-10 analyser module

with a sampler. The analyser was run in accordance with

the SOP and was checked daily with internal quality checks

of low, normal and high levels. Calibration of the analyser

was done once a year. All the clinically suspected samples

were run within 4 h of collection in dipotassium

ethylenediaminetetraacetic acid (K2-EDTA) tubes. It

analyses cells based on impedance and flow-cytometric

characteristics, using semiconductor laser and fluorescent

dye. The cell scatters the light into FSC (Forward Scatter)

which detects the cell size, SSC (Side Scatter) which

detects nucleus and internal granularity and SFL (Side

Fluorescence) which detects nucleic acid contents of the

cell. Based on the combinations of FSC, SSC and SFL for

both WNR and WDF channels, 6 different scattergrams are

generated by the analyser. By use of a default gating sys-

tem, WNR channel distinguishes total leucocytes, nucle-

ated RBCs and basophils. WDF channel distinguishes

different leucocyte populations except basophils. In the

WNR channel, the RBCs and platelets are lysed using a

strong lysing reagent, Lysercell-WNR which permeabilises

the WBC, keeping the basophils intact. Then the fluores-

cent dye solution, the Fluorocell-WNR (polymethine)

stains the nucleic acids. In the WDF channel, the RBCs and

platelet are lysed using a milder lysing reagent, Lysercell-

WDF which permeabilises the WBC and the Fluorocell-

WDF then stains the nucleic acids.

The following haematological parameters were evaluated

and compared between the malaria-positive and negative

samples as confirmed by microscopy: haemoglobin, mean

corpuscular volume (MCV), mean corpuscular haemoglobin

(MCH), mean corpuscular haemoglobin concentration

(MCHC), Red cell distribution width-standard deviation

(RDW-SD), platelet, platelet-large cell ratio (P-LCR), pla-

teletcrit (PCT), mean platelet volume (MPV), platelet dis-

tribution width (PDW), differential leukocyte count, white

blood cell count in WNR channel (WBC-N), white blood cell

count in WDF channel (WBC-D), neutrophil side scatter

(NE-SSC), neutrophil side fluorescence (NE-SFL), neu-

trophil forward scatter (NE-FSC), lymphocyte side scatter

(LY-X), lymphocyte fluorescence (LY-Y), lymphocyte for-

ward scatter (LY-Z), monocyte side scatter (MO-X),

monocyte fluorescence (MO-Y), monocyte forward scatter

(MO-Z). The scattergrams were studied for any merging of

neutrophil with eosinophils, irregularities of neutrophil

events, etc. which were previously described [12].

FCS data of both WNR and WDF channels for each of

the samples were exported and analysed by Flowing

Software v.2.5.1 (Perttu Terho, Turku Centre for Biotech-

nology, Finland). The plots generated were analysed for

any abnormal clustering of events. Further, gating and

event counts were done.

Statistical Analysis

Statistical analysis was performed with SPSS v.23 (IBM

Corp., USA). Receiver operating characteristic (ROC)

curve was generated. The rates of sensitivity and specificity
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were calculated by 2 9 2 truth tables. Logistic regression

was used to generate an equation for a predictive model for

malaria from the observed parameters. p values less than

0.05 were considered significant. For group comparison,

Welch’s t test was used as the group sizes were consider-

ably large and they were having unequal variances. Hence,

although there was considerable skewness in the data for

some parameters, the use of robust Welch’s t-test in place

of non-parametric tests like the Mann–Whitney U test is

justified [16].

Results

A total of 1281 samples of clinically suspected cases of

malaria were analysed by microscopy. Forty-eight cases

were confirmed with malarial parasite. Out of which, 41

cases of Plasmodium vivax, 6 cases of Plasmodium falci-

parum and 1 case of mixed infection (P. vivax and P.

falciparum). The morphology of the parasites ranged from

early and late trophozoites, schizonts to gametocytes for

the P. vivax. In the case of the P. falciparum, gametocytes

and early trophozoites were detected. Both the mixed

infections showed all the stages of P. vivax and tropho-

zoites along with gametocytes of P. falciparum. MPDA

interpretation corroborated with peripheral smear findings

in all cases.

Out of 48 cases, 28 (58.3%) were males and 20 (41.7%)

were females. Amongst the non-infected 1233 cases, 656

(53.2%) were males and 577 (46.8%) were females. The

mean age of the malaria-positive group was 23.7 years

(range 6 years-68 years) and that of the malaria-negative

group was 37.8 years (range 2–81 years).

Amongst the haematological parameters in the malaria-

positive group, mean haemoglobin was 116 ± 34.8 g/L

while in the malaria-negative group, it was 123 ± 21.4 g/

L. Mean RDW-SD was 51.27 (range 37.9–90.3) fL in case

of the malaria-positive group and 49.17 (range 34.5–100.1)

fL in the malaria-negative group.

The platelet count was significantly less in the malaria-

positive group (Welch’s t-test, p\ 0.05) ranging from 7 to

424 9 109/L with a mean of 116.04 9 109/L, while in the

malaria-negative group, it ranged from 8 to 1173 9 109/L

with a mean of 217.8 9 109/L. The platelet parameters like

PDW, MPV, P-LCR, PCT were not calculated by the

analyser in 10 out of the 48 malaria-positive cases (Fig. 1).

The parameters found significantly higher in the

malaria-positive group were MO-X, MO-Y, NE-SSC, LY-

X, LY-Y; MO-Z was significantly lower (Welch’s t-test,

p\ 0.05) (Table 1).

WBC-D and WBC-N were significantly different in the

malaria positive group. This difference [(WBC-

D) - (WBC-N)] is referred to as DWBC. WBC-D was

higher (Welch’s t-test, p\ 0.05) than the WBC-N. The

difference ranged from -0.14 to 13.72 9 109/L with a

mean of 1.84 9 109/L in the malaria-positive group. The

DWBC in case of the malaria-negative group ranged from

-0.62 to 0.54 9 109/L with a mean of -0.045 9 109/L.

The ROC curve for DWBC showed (Fig. 2) the area under

the curve (AUC) is 0.9364 with 95% confidence interval

(CI) being 0.9009–0.9784 (p\ 0.001). On taking the cut

off of DWBC as 0.125 9 109/L, the sensitivity and

specificity for detection of malaria came to be 85.42%

(95% CI 72.24–93.93%) and 88.16% (95% CI

86.22–89.91%) respectively which gives the maximum

Youden index. The WBC-D and WBC-N ratio can also be

alternatively used for discrimination. Further, the ratio

between the WBC-D over the WBC-N range from 0.998 to

14.3 with a mean of 1.3 in the malaria-positive group. This

ratio in the malaria-negative group came in the range of

0.92 to 1.06 with a mean of 0.995. Spearman’s correlation

analysis revealed the statistically significant (p\ 0.01)

Fig. 1 Photo-micrograph of a schizont and trophozoite of P. vivax, b gametocyte of P. vivax, c gametocyte of P. falciparum (Giemsa

stain, 9 1000)

514 Indian J Hematol Blood Transfus (July-Sept 2020) 36(3):512–518

123



strong positive correlation between DWBC and parasite

load (Spearman q = 0.69) as well as WBC-D/WBC-N ratio

and parasite load (Spearman q = 0.7).

By using logistic regression, we generated a predicted

probability equation for malaria positivity. Predicted

probability (PP) C 0.5 will be considered positive for

malaria. Platelet count (in 109/L), NE-SSC, MO-X, MO-Z

and DWBC (in 109/L) was included in the predictive

model.

Unlike malaria-negative group, the WDF scattergrams

of the malaria-positive samples showed certain patterns.

The patterns were double/multiple/abnormal or irregular

shapes of the neutrophil area, merging of the neutrophil

and eosinophil area, greying out of the neutrophil and

eosinophil area, a left-ward shift of the eosinophil area,

pseudo-eosinophilia (i.e. a difference of C 5% of the

analyser and manual eosinophil count).

On analysing the WNR scattergrams of the total sam-

ples, we observed a typical clustering of events in the

scattergrams of SSC-FSC and SFL-SSC in the malaria-

positive samples (Fig. 3). Such typical plots were exclu-

sively seen in all the malaria-positive samples except two

cases. The two cases where the typical clustering was not

observed were having very low parasitic count; one with

only ring forms of P. vivax and another with only game-

tocytes of P. falciparum. The presence of such clustering

shows sensitivity of 95.83% (95% CI 85.75–99.49%) and

100.00% (95% CI 99.70–100.00%) specificity.

The FSC data of the WNR channel were analysed in the

Flowing Software for the particular clusters as seen in our

initial observation. The most well-separated clustering of

events occurred in the SFL-SSC plot as shown in Fig. 4. A

gate (R-1) was created in the SFL-SSC plot to separate the

cluster. The gated events were found to match with a

cluster in the SSC-FSC plot which was thereafter gated as

another gate (R-2). The events which showed up in both the

gates (i.e. R-1 and R-2) were considered to be the para-

sitised RBCs and the event count was done. These events

again matched with the cluster in the SFL-FSC plot,

although this cluster is not well separated from the RBC

debris. It appears as a rightward shift of the RBC debris.

The same set of gates was applied in FCS data of all the

malaria-negative cases and event counts were obtained.

The event count in the ‘‘malaria gate’’ of the malaria-

positive samples ranged from 47 to 6167 with mean of

1184. The event count of the malaria-negative samples

ranged from 0 to 5 with a mean of 0.9. The event count in

the ‘‘malaria gate’’ showed a strong positive correlation

with the parasite load (Spearman q = 0.77, p\ 0.01).

Discussion

Despite numerous works on detection of malaria by

haematology analysers, limited literature is available

regarding the Sysmex XN series of analysers. We report a

difference in the WBC-D and WBC-N, i.e. DWBC ranging

Table 1 Comparison between

leukocyte cell population data

(LCPD) of malaria-positive and

malaria-negative group

Parameters Malaria-negative (n = 1233) Malaria-positive (n = 48) p value (Welch’s t-test)

Mean SD Mean SD

NE-SSC 147.112 4.2801 150.092 4.8508 \0.001

NE-SFL 51.967 3.2618 55.498 7.0967 0.001

NE-FSC 88.900 3.3084 73.215 28.0904 \0.001

LY-X 77.752 2.5786 80.929 2.7424 \0.001

LY-Y 70.589 4.0092 77.481 8.1997 \0.001

LY-Z 58.988 1.4859 58.544 6.5567 0.638

MO-X 116.713 2.5079 120.475 5.4249 \0.001

MO-Y 116.687 6.8289 122.708 20.5486 0.049

MO-Z 66.987 2.6773 64.283 6.5705 0.007

PP ¼ 1=1 þ e�½�2:543�0:006�PlateletCountþ0:08�NE�SSCþ0:046�MO�Y�0:0277�MO�Zþ7�DWBC�
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from -0.14 to 13.72 9 109/L with a mean of 1.84 9 109/L

in the malaria-positive group which was significantly

higher when compared to the malaria-negative group.

Dumas et al. found a difference from -0.42 to 1.44 9 109/

L in P. falciparum infection and from -0.26 to

7.63 9 109/L in other Plasmodium species [12]. Contrary

to their findings, we found a strong correlation of DWBC

with the parasite load in malaria positive cases (Spearman

q = 0.69). According to our ROC curve analysis, on taking

the cut off of DWBC as 0.125 9 109/L, we can detect

malaria with a sensitivity and specificity of 85.42% (95%

CI 72.24–93.93%) and 88.16% (95% CI 86.22–89.91%)

respectively.

In our opinion, the difference in the physical properties

of the lysing reagents is responsible for this effect. Lyser-

cell-WNR (pH 2.95–3.05, 26–32 mOsm/kg H2O) lyses the

parasitised RBCs more efficiently than Lysercell-WDF (pH

5.95–6.05, 98–108 mOsm/kg H2O) so that the lysed para-

sitised RBCs are not mistaken as WBCs in the WNR

channel. The completely lysed parasitised RBCs in WNR

channels shows very low FSC, but high SSC and SFL

which separates it from the nucleated cells in the WNR

scattergrams as seen in Fig. 3.

Fig. 2 Receiver operating characteristic curve for DWBC [(WBC-

D)-(WBC-N)]. The area under the curve (AUC) for DWBC is 0.9364

(95% CI 0.9009–0.9784)

Fig. 3 a WNR(SSC-FSC) and

b WNR(SFL-SSC) scattergrams

of a malaria-negative

individual. c WNR(SSC-FSC)

and d WNR(SFL-SSC)

scattergrams of a malaria-

positive patient with typical

clusters circled in red (colour

figure online)
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The findings from previous studies on Sysmex analysers

showed WDF scattergram abnormalities like double-cluster

in the neutrophil area, merging of the neutrophil and

eosinophil plot area, greying of neutrophil eosinophil area

and pseudo-eosinophilia which concurred with our findings

[9, 10, 12].

On analysing the LCPD, we found MO-X and MO-Y

were increased in the malaria patients. MO-X signifies

internal complexity, which depends on the vacuoles,

granules and cytoplasmic inclusions of the monocytes,

whereas higher MO-Y denotes activated monocytes, hav-

ing a greater amount of cellular DNA and RNA. However,

MO-Z, which indicates the size of monocyte after addition

of diluting and lysing solution, was significantly less in the

malaria-positive group. The reason for this could not be

ascertained. The NE-SSC value was higher in the malaria-

positive group. The parasitised RBCs, which remain unl-

ysed or partially lysed, overlap with the ‘neutrophil gate’ in

the WDF channel and this causes the factitious rise in the

NE-SSC value as the internal complexity of the parasitised

RBCs are greater than that of neutrophils.

Although rightward shift of RBC debris was mentioned

as a scattergram abnormality in WBC/BASO plot of XE

series (analogous to WNR channel of XN-series) in the

previous literature, the SFL-FSC plot is not ideal for

detection of malaria, especially when the parasite load is

low, as it tends to overlap with the RBC debris [10, 11].

We suggest observation of WNR SFL-SSC and SSC-FSC

scattergrams for the typical clusters as shown in Fig. 3.

These clusters are well-separated, distinctive, easily

demonstrable, and not previously described. DWBC,

WBC-D/WBC-N ratio as well as the event count in the

‘‘malaria gate’’ strongly correlated with the parasite load.

For practical purpose, we can get an approximate

estimation of parasite load in the patient from the DWBC,

WBC-D/WBC-N ratio and the density of the events in the

region on the scattergrams as described.

But our study also shows the limitation of this method as

a screening method for malarial parasite detection. We

could not find typical event clusters in two malaria-positive

cases where the parasite load was very low and only ring

forms of P. vivax and gametocytes of P. falciparum were

present. The parasites were too small with very little

granularity or nucleic acid content to create high SSC or

high SFL, which is necessary for its separation from RBC

debris in the WNR scattergram.

Sysmex XN-30 analysers are now being introduced as a

dedicated tool for diagnosis of malaria [17]. But the use of

universal XN-10 series analysers as a screening tool can

have much practical importance.

Conclusion

Malaria can be rapidly detected by automated Sysmex XN-

series analyser by observing WBC-D, WBC-N, LCPD

(particularly NE-SSC, MO-X, MO-Y, MO-Z), and all

WDF and WNR scattergrams, especially SFL-SSC and

SSC-FSC plots of WNR channel. Even in unsuspected

cases, during routine screening in haematology analyser, a

high suspicion of malaria can be instilled. Thus this method

is unique compared to immunochromatographic methods

as those are usually done only in suspected cases of

malaria. It can be useful in laboratories with high sample

volume for rapid screening. Although it can be used as an

adjunct to peripheral smear examination or MPDA, it

cannot be used as a replacement of these methods due to its

limitations in the detection of certain forms of the parasite.

Fig. 4 Gating strategy applied in Flowing Software (v.2.5.1) on the

FCS data of the WNR channel in a malaria-positive case. The events

in the R-1 gated cluster in the WNR Side Fluorescence Signal-Side

Scatter Signal scattergram was found to match with a cluster of events

in the WNR Side Scatter Signal-Forward Scatter Signal scattergram,

which was thereafter gated as R-2. These events again matched with a

cluster of events in the WNR Side Fluorescence Signal-Forward

Scatter Signal scattergram. The said clusters are shown in blue. These

are the suspected parasitized RBCs
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