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Summary : The relationship between the shape and nuclear DNA contents of malarial
parasites of P. vivax (Pv) and P. falciparum (Pf) by microfluorometry on fluoro-stained thin
" blood films was studied in order to establish the usefulness of the method for simple and
rapid diagnosis of malaria. In brief, thin blood films were prepared from 5 cases with Pv
malaria and 3 cases with Pf malaria, fixed with methyl alcohol and stained with 4’,
6-diamidino-2-phenylindole dihydrochloride(DAPI). DNA contents were expressed in
arbitrary fluorescence units(FU). When the average nuclear DNA contents of human
mature granulocytes were 100.6 FU, those of ring form malarial parasites(R) were 1.1 FU
and there was no significant difference of these value between Pf and Pv. As the FU of R
was haploid(1 C) value, DNA contents of trophozoites of Pv were increasing in proportion
to development, but up to 2 C. Referring to DNA contents, the observation of the shape of
Pv parasites revealed that some of the so-called mature trophozoites had more times DNA
contents than haploid value. Therefore, these parasites were newly named “immature
schizonts 7. Schizonts with 2 nuclei showed 2 C DNA contents, while the number.of nuclei
was directly proportional to the DNA contents in the schizonts with 3 nuclei or more.
Macrogametocytes(MG) and microgametocytes(mG) of Pv and Pf had more DNA con-
tents than those of R value and mG of Pv had 1-6 times as much DNA value as R, probably
reflecting various stages of DNA synthesis up to octoploid(8 C). Nearly all young
gametocytes of Pv and Pf had the diploid(2 C) value of DNA. Exflagellating microgametes
of Pv showed the haploid value. The observation of periodically-sampled blood smears
from a case with Pv malaria revealed that the number of gametocytes increased with
decrease of counts of asexual forms, and decreased with increase of counts of asexual forms
before and after the treatment. Additionally, DAPI staining revealed a decrease in DNA
contents in the Pf parasites of crisis form in the patients with high IFA titer. Thus, for the
better understanding of malarial parasites, critically needed is not only pure morphological
information but also cytochemical data such as nuclear DNA contents in the parasites.
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59 7TRERE LT, BER~ T V) 7 REPlasmodium
Jalciparum, P, = HE ~ 5V 7 K R (Plasmodium
vivax, Pv), IW¥= 5 v 7R HE (Plasmodium ovale, Po)
KX OVHB < Z Y 7R BRPlasmodium  malariae,
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SYTIRT, BEAERPIRIOPYIRES. PvicX
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FMERIZBEEEL RS hEvA, REREECEL
e L. REOABEBRREEFICIE~T VTR
W DRBRE DI D T, BUNC ST > THEEEERD
HEEHNELVCERTRFEOBMEINEETHS. &
CFAEFRIMERE (parasitemia) DFE L A TcWHBHE S,
FEBR TS OREHE i - C, B RHEN
W N5, EERZOBANGREGER~F ) 72H
& LT DAPI 3tk 2 I iBNska LY, BRICG
HLT&%. 4°, 6-diamidino- 2 -phenylindole dihy-
drochloride(DAPD 12— DNA & & RIICHE AT
LUNBETH B, fEo TUETIIRAEI Wi FKEK
nb=S YV TEBWTAEC LIt B, AT, T
DAPI #ffiz X b sulfamonomethoxine #-5-FF D Pv @

il

R BE L, ZoBRET~T Y 72H
BEZCT HREABHBED 7 b 7 2 D LEME L% DNA
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2) SEBRMBHERUC o TefE B o R

REGIL D28, B, RER. A v FrLIRERS
B, BESHERZAZ~5 ) 7 L2 3hAk Ak
K= AR OBEREBEL M > BRRIFEU.IT) 2R,
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MP 4 %l (sulfamonomethoxine 250 mg + pyrimeth-
amine 12.5mg) 2 §¢ /8 % 7 X chloroquine(150 mg
base) 2 §&/BEHAEL < BRA L TWieh, Bkl h
5T ENEL, WAL BRRFEFLRIL, ZOEE MP
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ELwRDAG. KBIME~5 ) 7EREPBDB DD
ZToPULE L 7. CRP XM T, HERZED 7
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ring form DERBD Lo b IXEORERETH - o b,
ARt 3 H Bz Pf @ gametocyte 3% R X h, BWioHE
FEL7. AHE, B%»5 7 HAE XY sulfamonomethox-
ine2g % 60 BFEIMNIC 6 ML, X b QT EEk(qui-
nine 1.5g/H x 4 BE & doxycycline, DOXY 200 mg/
Hx 8HMD%MM%, 5%#& primaquine(15mg/ A x
14 BED Z#E5 U CRERKT Lic. MREEERIE 84 B5iH
QT BRER T 12 FefdD), FAREARRE I 120 RRE QT
BRI 36 BERED &, B x parasitemia DA #FR
B, FEREE LBIGERE L. ZoBARC RO
Br 177w, BRERTERLEHBL TV,
FEM A EAFA) I T, ABRIMNE X Py JikEd,
Pf #ifk 1,024 fE L BT, ZDH 19854 3 A % CRE
12256 fEDRMEHRFHEL, 6 ACED I6ERIET L
(Fig. ). ¥lcz v unx vREEZET X + T, KFI PL A6
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REBI 3 1 35, B, AEFE. FEAMRE L chlor-
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ring form, %hFE£EFERA(mmature gametocyte) % F
B, SR T, SP&FIC2 X 3 HED I DOXY
(200 mg/ H X10 HED %P, primaquine(15 mg/H X
14 BRED %80 LB, IFA fE1X Pv Hitkigt, PL 4kl
MRS, 22 HH2566%, 3, 47HHE647).
Tis
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£ TOERE, RNEE B ICEE OHECRE HERB MK
BHERELT, A%/ —AT5H5EER For—2%
NT4COBRRBINCREL, BEcEarBZRcELERL
fo. BERERICTERERD L 1D TEAIERIZY
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2) DAPI etk

a) RELLTUTo 2@E2AE L.

O¥ AT B3 DAPIINACALAI TESQUE,
INC. Kyoto, Japan) #Z&Z/K CHMEL, 1 xg/ml DAPI
BEIER L CAREATICHRAF L.

Table 1. Summaries of case 1, 2 and 3
Case 1 2 3

Age, Sex 28y.0.M 29y.0.F 35y.0.M
Nationality Japanese Japanese Japanese
Malaria Pv Pf Pf
Parasitemia ~ (/ul) 2,592 461 39,000
(%) 0.048 0.012 0.77
IFA titer nd* 1,024 256
RBC (x10*/ul) 540 384 504
Hb (g/dD) 16.2 11.6 15.1
PLT x10*/uD 7.4 16.4 3.2
WBC (/) 4,000 4,500 4,300
Eos. %) 0 1 1
Neutro. %) 179.5 77 67
CRP (mg/dD) 6.3 (=) 20.1
Glucose (mg/dl) 108 94 106
T. Chol. (mg/dl) 153 148 108
T. P. (g/dD 6.9 7.2 5.9
Alb (g/dD 3.8 3.9 3.4
LDH w734 330 1,501
Hpt (mg/dl) 4.0 127.5 nd
TB (mg/dD 0.9 0.7 2.8
GOT w40 17 61
GPT aum 32 19 54
Al-P @BU) 1.7 0.8 2.3
BUN (mg/dl) 17.6 8.4 15.6
Cr (mg/dl) 0.9 0.7 1.2
Fbg (mg/dl) 430 300 450
FDP (£ (GP) (D)

*nd ; not done
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Fig. 1. Clinical course of Case 2.

This was a case with P. falciparum malaria in a 29 year-old Japanese female who was thought not to
get seriously ill because of her high malarial antibody level. She was admitted to the hospital in
November 1984, suffering from low grade fever. For two years before admission she had been in
Tanzania. And she had gotten malarial febrile attack five times (¢f. upper graph). On admission, her
body temperature was 36.8 °C and anemia, jaundice, bleeding tendency, neurological abnormality and
hepatosplenomegaly were not found. Malarial parasitemia was 461/mm? and it was too difficult to
make a differential diagnosis from morphological findings of the intraerythrocytic parasites as many of
these ring forms were degenerated (crisis form). Pf gametocytes were discovered 3 days after
admission, and remained without progression of symptomes (¢f. middle and lower graphs). The high Pf
malarial antibody titers (IFA, 1024-256) were continued for about 3 months, although she was cured by
administration of sulfamonomethoxine, quinine, doxycycline and primaquine (¢f. upper graph).
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@1%2-AnHh7 =87 —n(2-MEWK®IKEKX
F Fo T BEEAIE R (PBS, pH 7.2) TR L 7.

b) DAPI %uf5
A&7 —NVEEUIMEEHEERY 1 ug/ml DAPIEK
T 15 R E L, KR, BOEEEEE IER™ & L
T2-ME 1% TL, =273 203, Bbici
HEE LB .

3) BBE R X 0% DNA BofE

=2 vESRTMEE#MEE T, UV E#E L 420 nom ©
W7 4 v g —2ACCHEL, ZEBE L. B
ZARIEE B L.

FEhRpBeEET 5 1chic o TiE, oK% DNA
E#EF L. BRFOREBMEN DNA B, =a v
BERAEEERE P- 1 e CRIEL, BEEEEUD & LTE
lic. A~y 2777 Y FORBERETLLDIL, BOX
X ELETLORE, F0.1mm BXO0.2mm D
HEE b 2 BIR L. FU REEOETH S, v MFh
HOBDNABIEM X D MWIEL, =7V 7 FHRring
form % DNA fE(1 O% 10 FU iE Ml X & 5K
B U7, 723 Pf O crisis form OB B 7 » CrFEE
% 40FU L Lic. = DBET, © MFPRE~T )
7[R DNA a3l 5 k& < Shh 2 BIEE L, B
TEBl EDZEM: 7 E oS0 MR TFEERL T, £
BRIZEI Wb 0 E LTHA L.

4) ¥ ryRmk

A—ERIFA—RHOEAD 11, 35X O DAPI fefah

DERD—F a2 F A 946 L CHRRICEZ L DAPI %t
BIET SRS EOSFE L.
BB FRULBH R, PBS(OH 7.2)1C TF & ¥Hf
WA Z)BI0EFERLSORFERL T 20 5561
7. DAPI e 8 DA TIE A A — 7 7 A% EWC, PBS
(PH 7.2 THhEGHEREIHE L .

5) Pv #RPITUE B oD SR IRF IR T BB 122

FEG] 1 TURRABES, WREERTHICER A 22 B o BRI M
BTV, MERERHEER LD < Z ) 7 RBROHBRBENZEL
F ArRfak X O DAPI fefa TR L7, W0
BR D 7= R BARR DNA B3I SR T gy,

6) HEEHmE

#Et L  x MEDICAL PLAN II, Ver. 2.00(MED-
ICAL. 1. F. Co.,, Ltd) %\, THRELEML 7.

& R

DAPI e Cii~3 ) 7T REEAEFHAICES, #
REDF £ FRETIIRE L TEREDO D HERTOHE
BCHLBHCHITRETH - 7. MABER RS

B =z

ERHHALT, RROKMRAFELERT S Licr
OB OMBEBE L 1. BRMEIZE Py 0&RE
HORNIRR A HIRT % 2%, Pf T8 ring form &

gametocyte L 22gRD 7\ D T, FOHEHTHOELE Lt
iz, EBREILTDS v ) —RXeGTRE L. KK
DFREBREOEINCIE, B EMREDOHBOH LT,
BHE%t DNA B# 2B U TRENICHE L, #H
DEBRTH %Y — A DT DNABREIRT - T

AYs4AN

D Pv ORERHMRRE L OBE

Pv 0 RN RBEEGES 1) TIE, parasitemia (X
2,592/ ul B> B FEEAFEMEM 12,595/l WL, KIEFE
B % CHROBMB AR VIR LD, BE—EDOELHER
Lie. 1R cmMsERE AL, %3 ring form 238 L,
F DR & Sz S (trophozoite) 2 FEE L, REIFE
FAFE RN o8k (schizont) BN HE L. #1477 FIF
L% 0 parasitemia LB B ER L TRD, HICE
WRBROBANERTH - 7o, TR (gametocyte)
i, BRI E b, WMEEFEBROBARICHEM, Bk
BWATHECIEEDHBERL, F17 7 FREHT
U, 258/ul 235 5,256/ul &3 LI ((Fig. 2). D
o ring form, trophozoite, schizont, 8 J& H (mer-
ozoite) ¥ X Uf gametocyte @ #% DNA © DAPI 4« & f&
E 2Bk DH 5 DNA BOZLEFRT 50T, BT
EERANDYHE & 75 o Te.

2) b FEEFHERE<F ) TRRE OB DNA OB
%

b b REUFER OB DNA ERIE% 100 FU LIS
BIBA, T OBAER DNA £13.100.6+10.5 FU120.7
-62.9M=5NTHbH, ZDOKED~F Y 7KK ring form
R D ¥ # xf DNA & 13 1.1+0.3FU0.5-1.9) (0=
110 THhw e, e Py T3 1.2+0.2FUU.0-1.9) (n=
54), PfCI21.0£0.3FU.5-1.8)(n=56)DfE%RL
oo ThhbbERKERL1I <) 7THEADLD O
DNA B3 e t BUFHFERO ZHhD 1.1/100 T, ~F Y
7RBOBRICELZRDIRVERTH - 1.

3D Pv OBRRE, HKEEE L OSEEOHEE

JRERR & AER DNA BEHIEERII—EL CRR
L7z(Table 2).

Pf, Pv &%, #o ring form(R) M\ LEMF
OEEET RICEREYET 52 &b b (Plate 1-
a,b,c 2-a,bc). Py, RIbMEENEHLIO<
70 7TERERFC S OREEEAE (mmature tro-
phozoite, iT), FMBE 237 2 —SREEFL, =7V 7
5% (hemazoin) Z# b, BB ATLL, WOkl
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Fig. 2. Parasitemia and differential counts of parasites observed in periodi-
cally sampled blood smears from a case with P. vivax malaria.

Table 2. The shape and nuclear DNA contents of P. vivax

Ring form

immature Trophozoite
Trophozoite

Schizont (2 nuclei)
Schizont (3 nuclei or more)
immature Schizont

10.3+ 2.0*( 8.0— 16.0) n=39
11.2+ 2.3 ( 8.1— 22.0) n=80
15.8% 2.4 (10.2— 21.5) n=76
28.7+ 5.5 (18.9— 37.5) n=19

101.6£51.1 (45.5—225.0) n=19

77.9431.7 (26.0—160.8) n=42

*mean+SD fluoro unit (FU)

7= % O &k (trophozoite, T) & Uie. Sedikiize
HELEHLDE L\ 02 bR AR TRE
Db D ETHRENMCELD, KXEER—DAEIL
TR EROZ & B L Lic(Plate 1-d, e, 2-de,g). %
DX DNA E%, R® FUW0.3+2.0)(n=39) %%
Bueetd 512 (Fig. 3), T T15.842.4FU(M=176),
iT TIX11.2+2.3FUM=80) & 2D Z{LIZPETH -
7o 23, BB HE DNA Bi3sin L Cuie. 28 Eds

OBV RBDOE L S B L1 b 0% 586k (schizont, S) &
Licty, ZDRELWEHREE LY EE > 0%, % DNA
BED#ER % BB LRE S 24 mmature  schizont,
iS) & L. Wb 5 REG B4k (mature schizont, S) T
WHIRJR H (merozoite) 23 € v MIRIZEEFI L L < s
7=(Plate 1-f, h-j, 2-f, g,j). F DMK DNA B3 2#
DLEET28.715.5FUM=19 &, ZIEHEHBEH O
diploid(2 OO DfE%RL, 3#BU EoSZECIIBTY
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Fig. 3. Frequency distribution of DNA contents of P. vivax in each asexual

developing stage.

DNA contents were expressed in arbitrary fluorescence unit (FU).

fEA3101.6£51.1FUM=1N & 7z b, BB+ 5
DNA BEo¥EIN%Z R Ui (Fig. 4. Uh UEBSEUEGS)
DENIZTT.9£3L.7TFUM=4) L iEbo g ik & <,
BRI E 2L, HABE DNA BB R B2
LETehofe. REDEUKIFERD F A VPR X 5454
FERBRECET 5HWBOR R ETcs, DNAELMD
BEEOSEETETELDT, ThETLRER T
I L O RBGHGE L LT '

4 Pv & X O Pf D 4EFERME (gametocyte) & Py o4
TEtk (gamete) DEIZE

JRHTYRE & BEx DNA BEHIERE R 12— L ¢ Table
3B LV Fig. 5 RL T

Pv o W ¥ 4 58§ & (macrogametocyte, macroG) &
HE M £ JE 44 (microgametocyte, microG) & (LK B @
RKEEBLOBOMBIC X » RFITEET, macroG ik k
HCHEBMY, BB RL CERAMCEE, mi-
croG A TE MY, BT Ric o8 L TR« OB Ic g
% %. W& b hemazoin ALK BEDE L LT
BRI B R S5 (Plate 1-k, 1, 2-k; 1). #0 DNA &
BRoZHA0.1+1.4FU, n=77) X b X, macroG
T 15.8+£6.2 FU(n =40), microG % 29.0+16.8 FU
(n=300T»H » 7. microG @ #% DNA & % 11.6-67.8
FUT, 1C-6 CRIEL AT 5C & 2mBT BiERT

FU

200+

a
5 ) y=7.4x+25
0
8 :
< 100]
% ] (] L]
1 R=0.71
p <0.001
l n =38
0 T T T T T T T T T 1
0 10 20

Number of nuclei

Fig. 4. Correlation between number of nuclei and
DNA contents in P. vivax schizonts.

Bote. WFELEFERME(immature gametocyte, iG) VL,
NEL T Y o MBS & 4B D hemazoin DT,
BIOBR 1B THDZ LI X VB Zh 5, Py Tk
WERE R H BT 5 & & SHEETH - 72 (Plate 1-m, 2-m).
%D DNA £1%20.914.2 FUM=11)T, 2 CaiEfks
Exzbhie.
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Table 3. The shape and nuclear DNA contents of
malaria parasites

P. vivax P. falciparum
Ring form 10.1£1.4% ) 10.1+2.6

(6.2—13.3) n=77 (5.6—15.8) n=19
macro Gametocyte 15.8+6.2 16.6+4.2

(7.7-35.0) n=40 (9.5-22.1) n=10
micro Gametocyte 29.0+16.8 15.3+4.7

(11.6—67.8) n=30

immature Gametocyte  20.9%4.2

(10.6—25.7) n=16

(16.2—28.1) n=11

macroG

microG

micro Gamete 11.2£2.7

19.0+2.9
(15.9—23.3) n=8
20.6%8.1
(10.8—38.5) n=11

(7.3-16.2) n=29

*mean=+SD fluoro unit (FU)

[ Ring form (n=77)

Gamete  (n=29)
T T T
50
] [ immature Gametocyte (n=11)

% of total measured nuclei in each stage
@
8

[] macro Gametocyte (n=40)
micro Gametocyte (n=30)

10 20 30 40 50 60

DNA contents

70 FU

[ Ring form (n=19)

0 r T v |

[] immature macro Gametocyte (n=8)
immature micro Gametocyte (n=11)

[] macro Gametocyte (n=10)
micro Gametocyte (n=16)
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Plate 1. Various shapes of P. falciparum and P. vivax stained by DAPI fluorescent method.
a, b, n-q, s~u; P. falciparum. c-f, h-m, r; P. vivax. a-c; Ring form. d ; Immature trophozoite.
e; Trophozoite. f; Immature schizont. h; Schizont (2 nuclei). i, j ; Schizont. k, n; Macrogametocyte.
1, 0 ; Microgametocyte. m ; Immature gametocyte. p ; Immature macrogametocyte.
q; Immature microgametocyte. r; Exflagellating microgamete. s-u; Crisis form.
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Plate 2. Various shapes of P. falciparum and P. vivax stained by Giemsa method.
a, n-q, s-u; P. falciparum. b-g, j-m, r; P. vivax. a-c ; Ring form. d ; Immature trophozoite.
e; Trophozoite. f; Immature schizont. g ; Schizont and trophozoite. j ; Schizont.
k, n; Macrogametocyte. 1, o ; Microgametocyte. m ; Immature gametocyte.
p; Immature macrogametocyte. q ; Immature microgametocyte. r; Exflagellating microgamete.
s-u; Crisis form.
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