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A B S T R A C T   

Background: For fully automated detection and quantification of Plasmodium parasites, Sysmex developed the XN- 
31 hemocytometer. This study investigated whether the XN-31 can also detect and quantify bloodstream form 
trypanosomes (trypomastigotes). 
Methods: Axenic cultures of Trypanosoma brucei brucei were used to prepare two dilution series of trypomastigotes 
in the whole blood of a healthy donor, which were subsequently examined by the XN-31 as well as by micro
scopic examination of thin and thick blood films. Trypomastigote intactness during the procedures was evaluated 
by microscopy. 
Results: The XN-31 hemocytometer detected trypomastigotes with a detection limit of 26 trypomastigotes/μL. 
Scattergram patterns of Trypanosoma and Plasmodium parasites were clearly distinct, but current interpretation 
settings do not allow the identification of trypomastigotes yet, and therefore, need future refinement. 
Conclusion: Proof of concept was provided for an automated fluorescent flow cytometry method that can detect 
and quantify Plasmodium spp., as well as Trypanosoma brucei trypomastigotes.   

1. Introduction 

Microscopic examination of thick and thin blood films is still the 
most frequently used method to detect blood parasites that cause ma
laria (Plasmodium species) [1]. Although this gold-standard method is 
both sensitive and specific for the detection of Plasmodium parasites, it 
has the drawbacks that it is observer-dependent and labor-intensive. 
Furthermore, in non-endemic countries, proper microscopic examina
tion of thick and thin blood films is a challenge as blood parasites are not 
frequently observed in clinical laboratories. This limits their experience 
and thereby the quality of the microscopic examination for blood par
asites in travelers with fever who recently returned from 
malaria-endemic regions. 

Recently Sysmex developed the CE ("conformité européenne") 
certified, fully automated Sysmex XN-31 hemocytometer for the detec
tion and quantification of Plasmodium parasites. This hemocytometer 
can identify the Plasmodium species, discriminate asexual and sexual 
stages of Plasmodium spp., and determine the parasitemia [2–5] This 

analyzer has been evaluated in both endemic and non-endemic countries 
and proven to be reliable and accurate compared to other methods for 
the detection of Plasmodium species with a limit of quantification of 20 
infected red blood cells/μL and a limit of detection of 6 infected red 
blood cells/µL [2–8]. 

Due to its excellent performance in the detection of Plasmodium 
parasites, the XN-31 hematology analyzer is increasingly used in clinical 
practice for patients presenting with fever in malaria-endemic areas or 
travelers from endemic areas. However, in addition to Plasmodium 
parasites other blood parasites can also cause a fever illness, such as the 
blood-dwelling flagellate Trypanosoma brucei spp. that causes Human 
African Trypanosomiasis (HAT), also known as African sleeping sick
ness. The concentration of bloodstream form trypanosomes (trypomas
tigotes) varies substantially during the disease course and in general 
tends to be high in T. brucei rhodesiense infections and low in T. brucei 
gambiense infections [9]. Diagnosis of human African trypanosomiasis is 
still cumbersome, especially in detecting infections with low para
sitemia [9]. 
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Since the detection of Plasmodium parasites by the Sysmex XN-31 
analyzer is based on the combination of cell morphology (classical 
forward-side scatter flow cytometry) with the detection of fluorescent 
staining of a DNA binding dye by violet laser technology, it is to be 
expected that this analyzer should also be able to detect other blood 
parasites. Therefore, in this study, we evaluated whether the Sysmex 
XN-31 analyzer can detect and quantify Trypanosoma brucei trypomas
tigotes in whole blood, which is of clinical interest since this parasite 
causes febrile symptoms similar to malaria. 

2. Materials and methods 

Monomorphic bloodstream-form T. brucei brucei strain 427 (cell line 
449 [10]) was cultured in HMI-9 supplemented with 10 % fetal calf 
serum (Invitrogen) and 0.2 μg/ml phleomycin (Cayla) in a 
water-saturated incubator with 5 % CO2 at 37 ◦C as described previ
ously[11]. On two distinct occasions, trypomastigotes from this axenic 
(free from other organisms) culture were used to prepare two indepen
dent serial dilution series in the whole blood of a healthy volunteer using 
EDTA as an anticoagulant. After a brief spin, the trypomastigote cell 
pellet was resuspended in whole blood, after which a two-fold dilution 
series was prepared by mixing 1 mL of trypomastigote-containing blood 
with 1 mL of fresh donor blood. This series covered the linear range of 
the XN-31 as per the Instructions for Use for Plasmodium detection and 
ranged from ca. 700 to 3 trypomastigotes/µL. Each dilution was pro
cessed in triplicate on the XN-31 and the average result was used for 
calculations. Blood films were prepared for microscopic examination. 
Thick and thin blood films were stained using Giemsa stain (Sigma-Al
drich, St Louis, Missouri, U.S.A). In addition, to determine whether the 
trypomastigotes stayed intact when exposed to the XN-31 reagents, the 
Lysercell M and Fluorocell M reagents of the XN-31 hematology analyzer 
were mixed with a small sample of the axenic Trypanosoma brucei culture 
and examined by fluorescence microscopy. 

3. Results 

Since patients suffering from African sleeping sickness are scarce in 
non-endemic countries, blood samples of African sleeping sickness pa
tients had to be mimicked by mixing bloodstream form trypanosomes 
(trypomastigotes) from an axenic culture with whole blood of a healthy 
donor. This experiment was performed twice at different times using two 
independent blood samples with circa 700 trypomastigotes/µL (see also 
Supplementary Fig. 2), which is in the relevant clinical range (107 to 10 
cells/mL) [12,13]. Fig. 1A and B demonstrate the proper morphology of 
the T. b. brucei trypomastigotes after mixing with fresh whole blood, 
which validated the prepared samples as a proper mimic for the or
ganism morphology present in blood specimens of African sleeping 
sickness patients. When trypomastigotes were exposed to the reagents of 

the XN-31, the trypomastigotes also remained intact as shown by fluo
rescence microscopy (Fig. 1C). 

Analysis by the XN-31 of the two independent T. b. brucei dilution 
series showed that the analyzer reproducibly detects Trypanosoma try
pomastigotes (Fig. 2B, C) with a lower limit of detection 26 trypomas
tigotes/μL. In the first experiment, the trypomastigotes were primarily 
misannotated as only Plasmodium gametocytes (Fig. 2B) and in the 
second experiment as Plasmodium gametocytes and trophozoites 
(Fig. 2C). Although the trypomastigotes were misannotated by the 
current software settings, they generated scattergram patterns that 
could easily be distinguished in both forward scatter (FSC) and side 
fluorescence scatter (SFL) from the scattergram of Plasmodium falcipa
rum (Fig. 2A) and Plasmodium vivax (Fig. 2D). The side scatter (SSC) and 
forward scatter (FSC) scattergrams of blood samples with trypomasti
gotes also differed from those of P. falciparum and P. vivax (Supple
mentary Fig. 1). An important difference between the scattergrams of 
whole blood with trypomastigotes compared to whole blood with 
P. falciparum or P. vivax is the absence of events in the area where 
erythrocytes with Plasmodium ring forms (red particles in Supplemen
tary Fig. 1). 

The examination of the samples of two independent 2-fold dilution 
series showed a good correlation between the estimated concentration 
of trypomastigotes by microscopy and the XN-31 in the first experiment 
(798 ± 132 vs 688 ± 2 trypomastigotes/µL, respectively), but in the 
second experiment, there was a 2 to 3-fold difference between these 
examinations (690 ± 73 vs 251 ± 11 trypomastigotes/µL, respectively). 
This difference might indicate that the scattergram interpretation set
tings in the current XN-31 software might detect only a part of the try
pomastigotes in some cases, which is not surprising as these detection 
and interpretation settings have been optimized for the detection of 
Plasmodium-infected erythrocytes and not yet for detection of 
trypomastigotes. 

Finally, the examination of the two independent 2-fold dilution se
ries showed an excellent linear quantification response, because a good 
correlation was observed between the expected number of trypomasti
gotes in the dilution series and the actual number of trypomastigotes 
detected by the XN-31 (Supplementary Fig. 2) with a linear agreement 
for both experiment #1 (y = 0.08015 + 1.005x) and experiment #2 (y 
= -0.561 + 1.022x). These results demonstrated that the XN-31 with the 
current scattergram interpretation settings can detect and quantify try
pomastigotes in whole blood with an estimated limit of detection for 
trypomastigotes of circa 20 parasites/µL, which is equivalent to the 
theoretical limit of detection for blood parasites (such as Plasmodium 
spp.) by regular microscopic examination of thick blood films [1]. 

4. Discussion 

Our study showed that the Sysmex XN-31 hemocytometer detected 

Fig. 1. Microscopic images of the prepared Trypanosoma brucei brucei samples. Panel A and B: Giemsa stained thin film with bloodstream form T. b. brucei from the in 
vitro culture after mixing with whole blood from a healthy donor. Panel B shows a dividing T. b. brucei through binary fission. C: fluorescence microscopy of in vitro 
cultured bloodstream form T. b. brucei combined with M-lysercell and M-fluorocell reagents of the XN-31showing bright staining of the nuclei and kinetoplasts. The 
trypomastigotes remained intact when exposed to reagents of the XN-31. 
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and quantified Trypanosoma trypomastigotes. However, the fixed 
scattergram-interpretation algorithm of the Sysmex XN-31 is currently 
only developed for the detection of Plasmodium-infected erythrocytes, 
and therefore, by definition, it does not allow proper reporting of the 
presence of trypomastigotes. Based on the observed clearly distinct 
scattergram patterns of trypomastigotes compared to Plasmodium- 
infected red blood cells, it should be possible to properly discriminate 
these blood parasites. Examination of more trypomastigote-containing 
blood samples, including clinical specimens from patients suffering 
from human African trypanosomiasis, in combination with optimization 
of the interpretation algorithms of the XN-31 to ensure proper and 
specific gating and cluster ratio calculations, should then result in reli
able identification and quantification of both Trypanosoma trypomasti
gotes from Plasmodium-infected red blood cells. In the meantime, in the 
event of trypomastigotes falsely identified as Plasmodium gametocytes 
and/or trophozoites, these scattergrams are deviant from those of reg
ular malaria patients and these aberrant scattergrams should be noticed 
by the operator and trigger further investigation such as, for instance, 
manual microscopy. 

The prepared blood samples containing trypomastigotes were also 
examined by a regular hemocytometer for routine diagnostics (Sysmex 
XN-1000). Surprisingly, the routine diagnostic setup did not detect any 
abnormalities. Analysis of the raw data obtained by the XN-1000 proved 
that the trypomastigotes were detected, but their forward-sideward 
scatter signal appeared in an area that is excluded for result interpre
tation (results not shown). Hence, the current settings of the Sysmex XN- 
1000 for routine diagnostics ignore the signal generated by 
trypomastigotes. 

5. Conclusions 

In conclusion, this study showed that the currently in use, fully 
automated fluorescence flow cytometry method for the detection, 
identification, and quantification of Plasmodium spp. infected red blood 
cells, can also detect bloodstream form trypanosomes (trypomastigotes) 
with a limit of detection of 26 trypomastigotes/µL. For clinical imple
mentation, adaptation of scattergram interpretation algorithms is 
required after which validation by clinical specimens can be performed. 
Finally, the sensitivity of the current Sysmex XN-31 system for the 
detection of trypomastigotes is too low to detect infections with low 
parasitemia, and therefore, additional diagnostic methods (such as 
serological methods or microscopic methods in combination with con
centration techniques) are still necessary to exclude human African 
trypanosomiasis [9]. However, the current settings of the XN-31 have 
been optimized for the detection of Plasmodium parasites, and therefore, 
its sensitivity is equivalent to parasite detection in a thick blood film. It 
can be expected that the sensitivity of the fluorescence flow cytometry 
method can substantially be improved if it is optimized for the detection 
of trypomastigotes by for instance enlarging the relatively small volume 
(60 µL) of examined blood. 
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