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World health Organization has targeted the malaria elimination in Asia by 2030. To achieve this,



although it is indispensable to detect very low-level parasite infection, current malaria-diagnostic
tools have not yet reached to this level. The aims of this research are to develop a new malaria
diagnostic system featuring a super-high sensitivity and quantitative evaluation of parasite-infection
rate. This system will enable everyone to perform quantitative diagnosis of malaria in a single
operation, which enhances the malaria diagnosis performance at local area in malaria-endemic
regions, which greatly contributes to achievement of malaria elimination.

This malaria-diagnosis system is comprised of three element devices: 1) a one-step filter device
to separate erythrocytes, 2) a cell chip for quantifying Plasmodium parasites by monolayer formation
of erythrocytes, and 3) a battery operated fluorescent detection device.

We completed the integration of a few components of the erythrocyte filter device into one compact
disc, which can analyze nine samples simultaneously. We also optimized the concentration of
fluorescent dye on the chip surface for stable operation. Improvement of erythrocyte pick-up rate from
20% to 30% makes it possible to measure more than two million erythrocytes per sample, which
expand this machine’s availability to anemia patients. We achieved a prolonged storage of disc more
than six months by the introduction of dry-freeze technique and package with the reduction of outgas
inside disc. Furthermore, we completed the disc-supply system for forthcoming clinical evaluation
study. We have improved the fluorescence detector system, which realized the 10 minute per sample
for diagnosis, battery operation more than 5 hours and increase in 2.5 times S/N. We completed the
water- and dust-protective system by using a heat-pipe.

Field test in several malaria-endemic countries revealed that the latest equipment showed an
excellent performance of erythrocyte recovery and enough staining for fluorescent diagnosis. We also
confirmed the nealy complete concordance (R2=0.97) of parasite-infection rate determined by our
developing system and Giemsa-staining. Detection limit of 0.0005% was obtained. In vivax malaria,
developed parasite stages such as trohpzoite and schizont can be observed in peripheral blood. By
using this phenomenon, we successfully obtained the clue for the differentiation between falciparum
and vivax malaria through size and brightness of fluorescence.

We successfully developed a one-cell on-chip PCR system, which is performed inside micro-
chamber. We also developed novel molecular detection methods for drug-resistant parasites that can
be applied to by the developed on-chip PCR system. One is a multiplex PCR which can easily and
quickly detect the artemisinin-resistant related genetic changes from a tiny amount of blood. Second
is the identification of potential piperaquine-resistant marker X by the mutator-malaria system that
we developed. We are now verifying the potential field applicability of this genetic change for the
detection of piperaquine-resistance in our developing malaria-diagnosis system. Our large-scale
analysis revealed that prevalence of particular allele in Y gene is likely to increase before the
emergence of P. falciparum parasites harboring Kelch13 mutations in the field. This suggests that the
allelic change in X gene may be used as useful molecular marker for the early discovery of the

emergence of artemisinin resistance.
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EE LT, XY =y 740 CD BB T /3 A R & 3ok ik & fight > 7 b oBgs I X a8k
DT, 74—V MEHZEZE L T, RIERSBEH SiO2 T/ 7 7 A /X—D CD BT /A A~
DHLDIAI T L £m20m%CDm?ﬂ4XA%MM%M@EET®%ﬁﬁﬂ%K@oko
CD@7A42T®%HEH%;\H—m%%%wfﬁmﬁfbﬁmé@%?@%ﬁﬁﬁC
<~ TV T7RBEEREZRE LR L AL OEEE 22BN R S
(Y=0.9226X—0.0012, R2=0.97),

iz Gy TR
CCDAAS

Si0y /7 ff =
- B xRS
99.99%
* R ERENR
ao"/L,lL

TSUT B MR . L}
s _ Y =1.0061x-0.0018
FRINERE BRI FER ol RZ =0.9945 2.3438%
4 —HBREL L T B T EE o
= 1
T\
N
I ik
© B i
3 -2 -1 0 1
O F LR (Log %)
E13. FFMERSEERT v 2035 AECCONASIC L 375 )T BEMERT, El4. #BaS» AEC MRS L REEC LS5
BAEMEDSIMERE ER A P RS, —flfa L TawSUT R R R R ER

R MEN RN (E®) .
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3. MORIER EBIB TN AlRE/R~ 7 U T 2WrT /N1 ABA%

B~ 7 )V T RBFEORIER EZ2BZMT 4 A7 CTRIFFHZHET 5720, v~ A 7 F ¥ o\ —%
AWz~ A 7 n 22/ COBR TN R OWE LT o1z, 20D, T —EHO~ 7 Y 7 R hEkY
PRIMERZN & H B O IEARF-HEIE S FTREANC DWW TR L7z, 858~ 7 U 7 R & HV T EAR 105 pm,
RE 50 ym D~ A 7 BT v L8 —ZHBES] L 72 130 B ORMERFIZHEST 2B~ 7 U T
JE U R I ER 2 AR Y R\ e 4% HOEEMEE IS T ERF (LI TV~ A 7 X x BT
— T L7, ARILERENNH . BEAF Nested PCR & CEV# B~ 5 U 7 Ji HUE(G T O IR 217 > 7=
L2 A, AFREETOHEEZER S M b0~T U T RENFHEIC R Y, ST « A7
TOBERE~Z ) 7 F BB E b OB AT ~OIS DS S R STz Gasck
FrtE(R ) o
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