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v M OHBREEICHLT B &, KiEFIERIC
BHEWEZEMES SO, —EEBBRAMCH LT
RO ERAENED L, &0 KE%EEATHICH
Zohskdickh 3 (Dill et al., 1938; Robinson
et al., 1941; Wyndham, 1967), SiEEEBICEERX
hick 2D KEAMIZ. XL LT HREAD HHiic
EoTEEND, HBRBROBIMIZRTH% VD,
bLE-THRATEBIEZNBEREL LCHE
MEDHRICK ZEERBRMFERDORIN & KBS
LRItk -T, HEBELLKBEDEYKRELT BT
Litk-T%&Eh% (Robinson, 1949), X 5T
BAMBKELEZ LRAHREL, KIBOER
AHEiRfTbh3, v FRIBEFICK BEKEFMED
MHEFENTEBY, BEIMLEICIETRIGICKE %
b obh sy, HEIMLEDRETRIED
BISHELI DT BRI MBH, RER
BT % MEISRZELD FREIZD % (Dill et al,
1938; Kuno, 1956; Bass, 1963), L L, HER
BETFTCcoXRBHOEE: LT3, RHEEBEDOHALEE
HTREARGERBICEETH S, SEHLEIC
AoNA5BICHENRR, ECHBBECESEE
WHICE3BE4 T, TOBRMICERNHBC L
BRDOLN TS, GHEOBEIMLEICASH
SEERRIG, 2HRAM/RIET 3 & HEMIIZ
PREZDOWBZ EBIMSN TS (Williams er
al,1967), Lo L, EHMOBEItIcE » Tl
BINHCHELRERITIIHEEL 2w (Hori
etal, 1976), KMBRFRALBRETFT TS, HRI K

il

EMEORBENETFTL, BEENEL, &
B %2 ZHEE TRIT A (ZHEEP, 1952;
Herzman, 1956), ®BREICHI(L L /- B AL
RAMBHICEFET S L&, RBROFAMEED
EDXIREMRTELERRELZBE T ANV, 2
HEMLBEHICR~NE, RERGOECHELLD
T HEHEICOBEENELBD Sbh, KD
EREVBENT 3, BBHERIESRHOKE £ b
D bRHEL, REL-DOEEEHEB AL,

HEBICHEMZEB % ED L vnbhTw3 (Coonet
al,1950)0 %7, BBFHETICEET S Lo
Bk O BEEEDEK N (Keys and Brozek, 1953)
BTREERRD LT, ROk *BEICT2
HICHELBDobh2 LvnbhTtnd (S, )
1974). ATAFHEORBEIXCEL XY, B

L B BBMEM LTS L obRTRS (BA
5, 1959), £TRLY BEREIIIMLLE
BHREEEFESELOBHFERTICEET S &,

BB, BRBENEDL D ZEMERT PIIBEKRE
Vv, MBAFELEALICBEL-BE, 2108
HREVEEEOFAMBREE -, Ak EERcE
DEDEHBERITTLEFET B0, i@
EEThORTBEE, BIUXRIEBEEORTR
RRBTOREEORME, B EHEHH % -
T, LiTRA BMBERBETAME LA U&HGTC
HIE Lo i@ EEOKIE & BEAIRE R %
L7z (EH S, 1978),

X B A &
HBE T h CARLIEELM 15, 8FE D RA

RERMRPABZEHE 663 /= HRE)IE 1-1
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B1124, BIUATHEEOBRABTFIILDOH
FREEHTT7 HICiT-7. MBLoRLicHE
L-BOXBRELE LT, MEEEEORABT7
ZOBEHIBHTT AT -2 GEHS, 1978),
RIERIEFREREH AT, KEEMEE
1mm? %70 1gD—EETHEE2D2EATLL
2HBRICHERIT, BOIOMEEOEEEE
OB|UDFIREFEE L1z, RIFEORERA & FH
RIEEEHICHWEMELEERBIZROBY TH
3 (S, 1974),

W Az EX ¢

LR AkYE HEeLHNEORHE  0.082
B & UG BETE P R0 BE

B FEHBEETA 0.083
Mo%s: AR TESEE L AFLEOFE  0.083
B ARREE BoES 0.081
B AR TREAGBEE®RORE  0.081
KEB: ARERR, §EHiETEmoFESE 0.172

il
istiaaE f 3 Fak GBS, 1974)
F(9%)=28.9x

(R ER (m?) X PHEIEE (mm)
E (kg) +367

THWTEH L
HEEEOEHICE, SkBOoX (R, 1925)
AL

BB DOHIEIIFIT D %2 WIRRET O BB EE
HOHEEE L TCORBBENTHE05, it
BRBTORBEZHE L, iR iond 588,
BENEFRABLUCERNEH I T 520, #l
FHRERECRES TS, EHERECT
HIMEDERLHME L, BREIIKK Y
o EBEALT, 30 C, BE70% D ERNIT304MH
Rk owDb, 28100 HOKMEER%L <1
A= —%HATHE L, EFRIZBAKER
HERAVTHRE L, REROHEB L FHRK
BEREEHCACWENEFESRBEEBROBYTHS
(Hori et al., 1977)

S A ¥
B AR REL 2em 0.098
Mi: SLIR L% 4 IO R 0.083

B fiRE HEo®ES 0.162
H: HHREETAET 0.083
Ll =AfpRS 0.082
HifE: BTBEANERRBRTPS1/3 0.061
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KB KEBgiE A RR LI S1/2 0.172
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mEAEEE (OB, mEatsoixtfgR (OM
B, BIUALAaHEE M B OSEHMEE
OM BOFLHEEHTFR 1 IR LI, OM#O
HE, BIUHRED FHMEIZ £hEh 1696 cm
L 628kg ¢, M BOFHME 170.2cm, BX K
643kg X DHLFLITNEI o eds, O BO F
fl 1666 cm, B Lt 586kg K HhAHEDKEH»o
7z OM BolHE, ¥k EBEAOFHHEIT 904
cm & 281cm T, M #0OFHE 89.9cm, B&
K 278cm &b b¥Fhicki{, O HOFHH
866cm, 8L 26.1lem LY EDKE DT,
OM B KEHOF##EE 501cm T, M B0
E#E 524cem X D/ME L, O BHOFHE 496
cm KO RBNED o, ThoDEDH B, O B
OLEEEATHHEOFEEEL D ARITNS oo 1228,
O IHANICRER TR AP -7, &KL L
T OM Bid M 8L i L THO T ICKEs/ME
W ERLIZBIZEAEZENEL, O #iI3 OM
B, BLU M BLUEL CETOHUEHBODF
BEBNE L, DEVEBINI T EHH S,

2. RIER

HIEEOREMIZ, EREER, BLUKTHE
WEBOES #ZhZhBF>FATN B4, &
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Table 1 Characteristics of subjects
) . Stay. in
Group Number Age Height Weight B.S.A. G.C. G.A. G.T. rlrél::ll(ril
(yr) (cm) (kg) (m?) (cm)  (ecm)  (cm) (yr)
o 7 21.0 166.6 58.6 1.67 86.6 26.1*  49.6
+1.9 +5.7 +5.5 4+0.10 +3.3 +4-0.8 +1.6
OM 12 26.0 169.6 62.8 1.74 90.4 28.1 50.1 15.8
+:3.6 +4.0 +6.6  +0.07 +5.1 +19 437 4-6.7
M 1 22.8 170.2 64.3 1.76 89.9 27.8 52.4
+1.9 +5.6 +79  40.12 +5.7 +19 435

O: Residents of Okinawa who were born and raised in Okinawa,

land who were born and raised in Okinawa,
and raised in the Main land of Japan,

B.S.A.: Body surface area,

OM: Residents of the Main

M: Residents of the Main land who were born

G.C.: Girth of chest,

G.A.: Girth of upper arm, G.T.: Girth of thigh. Mean values are given with their standard

deviations. * Significant difference between O group and other two groups at 5%, level.
Table 2 Skinfold thickness of subjects
Upper arm . Thigh

Group  Chest  Abdomen anterior posterior Back Waist anterior  posterior
o 8.0 11.0 3.3 5.5 8.6 10.5 9.2 11.8
+3.5 +5.0 +0.3 +1.2 +1.4 +3.8 +3.3 4-4.6
OM 11.1 15.8 3.7 7.6 10.8 16.5 11.7 13.9
+6.9 +7.7 +1.2 +3.1 +4.0 +6.8 +4.2 +5.5
M 10.6 14.3 4.0 7.9 9.8 18.4 9.4 13.9
+6.9 +8.3 +1.7 +3.3 +2.4 +9.4 +4.1 +6.5

O, OM, M: The same as in Table 1.

Mean values (in mm) are given with their standard deviations.

ORTHRHEBOEIIMMOTMBEL V2LV EDL-
7o OM BOFHMEIINE, BHH, T8 LUK
BEETEc M BoFHELbbTLicKEL, k
BRI, BHCRbTEhithE bz, Bb, OM
BEMBORBERBLEASENED>2, B
BEORGBEWEMIZ O #Tia KiB%E, OM #
EMBTRERTH- 70, 2 LT OB
OMBICHE L TRRTORBENS 3L, K
BEOBAICk 3Z 8PV ERL T3,

3. FERBHEEBXUERBREEK

AR %\~ TEH 3 h7z Rohrer ##,
Brugsch #5% (WHF), HAERHELAEOH,
HEVEER, BLUTFHRIREOFLME L E%
fRzE% £ 31T 7R L7, Rohrer {5 13 B XE
B, R GBERTERTHIH, OM #HO
Rohrer ¥ ® FH#EI3 128.7T M B FEE

130.3& H/h& <, O BOFHEI26.5& Hh K&\,
OM #® Brugsch t§ ¥ O FE#51#1253.3¢, M #
DOFEES3. 7L D bFHINE L, O BOEHIE
5205 050 R&D o1, REFMELAEOL
3, HEBETCOREBASGRICHETIEE
ZIEETHAH, COREOFEHMEIT OM &
278C M BOFEHE276 L DTt kE L, O
BOTFEE285LD PEOMNI o, BEIEE
9 Rohrer #5%, Brugsch #§#, hEEE L&
BEOKO OM BOERWTFhs M #L O Bo

Bitd-T, M BLOZEIDLTHLT, O BLD

ZRDPEORED S, - T, OMBOGKEIZ
OBEs, LA M BitiEnEni s, OM
BOREESHRO FH#EIZ13.3% T, M BoO

EHE12.8%, B O BOTHHEIL.A% LD

K&, FHRERIEES OM BOFHE 12.2mm
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Table 3 Physical and nutritional indices

Group Rohrer’s index Brugsch’s index

Weight (kg)

B.S.A. (cm?)

— Body fat (%) Mean S.T. (mm)

126.5 52.0
o 16.6 +1.7
128.7 53.3

oM +13.0 +2.9
130.3 53.7

M +123 +3.7

285 11.4 9.3
+10 +2.4 +2.8
278 13.3 12.2
+14 +3.2 +4.5
276 12.8 11.7
416 +43.2 +4.6

B.S.A.: Body surface area,
as in Table 1.

Mean S.T.: Mean skinfold thickness,

O, OM, M: The same

Mean values are given with their standard deviations.

2, MBOEHME 11.7mm, 8L O #OFEH
f93mm LY KE»- 7z EIEGHRE B
BitonwTd, OM#E M BOZZHLTHLTH
595, OM B E: O BOZERMPEDKE N,

4. &8

AORiE (To), BEHMNOREIE, FHEE
B (T BLW To-T,s gradient OEHIHE & ¥
REPr FL4ITR LIz, OM #0 T, OFEHHEIL
371 CtMEDOFEHE372C &b 01 CEL,
OBOEHME 370 C LD 0.1 C E@h -7, B

WO RBBZITLE b ICREHEY RLIZ, OM
BO HEDO PHEE M B#o EEEI L bic
361C 7T, O#DFHMHE3BIC Loh%iDE
Mot BEE, MbRE, T8, HEoKER
DFHEIE, wFhd OM B#iEdEL, OB
NG EM- 2. FEOBERIBTRENEL,
ThoKBEIZ OM #imkbES, O #iEd
Bhot, FHREIEIZ OM B 348 CTHD
B, MBRHMICOBRIEHHEL3BOC T
H 1o To-Ts gradient OFEHEIZ OM BEbs

Table 4 Oral temperature and skin temperature

Group Mean © SD. Mean O SD. Mean T S.D.
T, 37.0% 0.2 37.1% 0.6 37.2 0.3
Forehead 35.9 0.3 36.1 0.8 36.1 0.6
Chest 34.4 1.0 35.3 0.6 34.8 0.7
Abdomen 34.5 0.9 35.0 0.7 34.5 0.8
Subscapular 35.0 1.0 35.1 0.5 35.1 0.6
Upper arm 35.2% 0.9 34.7 0.7 34.4* 0.7
Forearm 35.4 0.7 35.5 0.5 35.3 0.6
Hand 35.4 0.7 35.6 0.5 35.6 0.7
Thigh 34.8 0.9 344 0.7 34.7 0.9
Calf 35.0%a 0.8 34.0%¢ 0.8 34.8%* 0.7
Foot 34.7 1.2 34.1 1.3 34.8 1.1
T, 35.0 0.7 34.8 0.6 34.9 0.6
T,-T, 2.02 0.8 2.35 0.6 2.29 0.7

O, OM, M: The same as in Table 1.

Mean values (in C) are given with their standard deviations.

between two groups at 5% level.

T,: Oral temperature,

T,: Mean skin temperature,
*: Significant differences
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e FOEBRTSRERL, FEOEMLMRIGLTE
G A BE 233t X AMohTna
(Robinson, 1949; Williams et al, 1967), % %
ZHETIEHBEAEERT S Lok, KB, FEER
LT B EnbhTwd (Lewis et al., 1960),
HHRFEOMBOZREIEOKEZEOBHHEL,
KEDOAAREEH MM W, ZITEET, pEL
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HTHEWESHE, RES) OREmMBESLLL
HD, BEBSET CORBRESICERN ZEHRKLE
HE%* 5T E Wb Tw3 (Hori et al,
1977) . AWMEOHEHEEF DO OM B, Mh@ick
NTHVEREMBTHEI L, FLhicBEL
TERLCOEEHM I FHIS.8E LR, OB
AL TOEERBRBEZNWOT, OM #: O #HoO
Zi, VEMU%O OM BOBRFEEHRT COARE
TkotT, bhodhdbDtBEIoh3, OM
B Maoziz, OM BiEGPEN CRERE
FehElLclicks2Ld%EL) 5. OMBF
BO#LullL T, BE, KE, Rohrer #¥,
Brugsch ff#(OFEEERPEZD K&, M B
HEd 2 LbTFhithd v, BREZETICERET
LB REL R, REBEL .- T, BE
KL TE®EHRE A>T, KELHMT S
Lnbhtwa (Coonetal, 1950), - T OM
BOFRKPEEN, OB LA M BitEn
T3, OM B CHVERLUBEEAL, %
BEBRTTELEE LLEEY, HVENCLE
L7 BHEREOHBIOVREVB D LEESZ L
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A, RABRIKREHICHMT S, #- TH
BEY 0 OBREERHEROHNKEVKEO | T,
HRRET CTHBRORTMENNKRE N, TOED
OBOFHHITOM B, M Lo K&, OM
BLMBOERDLTMLTHS, UEED O
MBI BERBECEEL7EEB LT3
, OMBRI M BLEILALRALARETHE L
HRTa3, LdL, ZRUNMCOIEFEREDS
FEBEEOEFERRDL, FHRORFICEEY
Bliggeinmohtnsot, OM gL O
HOBANZRIZHRUNOETFOEE HD L
ZZoh5,

2RI &S, ETFIEBEDOEAMI
WEI N ETOBAT, OBIBOHEEL DD
2D/hE L, OM BoEHRIEEDFEEIZ M
BOEHEL O bTFPITNR, BEGOSE
BRI, EEHEBOREERL VKL, KTIE
WEDEINHEL %25 L ERADRBYPERITITD
5 (Keys et al., 1953), Bt~ T O BHOKRE#
BLTR, OMBBIU M BLXOAERTHS
LHEEZIN B, 30 C ORKRIL, RHEREBOe
PRI ERBEISEFIC, RENEORAMTHEHR
ODPEERFTCEIRBAR[RTHS, COLE
D b DREIEZ, NK[EBERTZ LT EBER
BERIBRBAT 0T, BFEFREBLVWbIT
w3, KEE»SORBEBDS B, ZH, ks
XUESOBEIC 2 ERBRRBIIRER AR
BOZICHATEOT, RABRIKEEORE S
HREL, FHBOBIRBBAELIERTCLK
%5,
FARRERLES T, OBOFHEFEIZ OM
B, BXUMBIOEL, COT L3 ORIt
OHBLOVHBABEKENC EE2RRT S, B
DORFEPERESTSE O B3 OM 8, M EL
B L CHE, CLRTHOKREERSE . M
DEHEBIIBEAHROOL L LY, TOFMLDOK
HEOERENKENC L, KEIPSORBEL
KELFT3, T EiZOHIIOMM, MBEK
KL, MEOREMEOLEENKL, MEOK
EREBmMAERBEM L CHEOHEREEL -
726D EEZ 5h5 (Hertzman, 1959; Rothman,
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1954), T,-T; gradient 3R RWCRBRITIZ
EANEENESHRBROELLENE R, BiD
BMERRL FHAOBEKICH2, O #HD To-T
gradient ®FEHfEIZ 2.02 C ¢ OM BOEHHE
235 C, BEUMB®D 229 C XHHhED/HEN,
B-T O B3, MOGEHELY B BERRE
boTnBLLERT, 2D O BOKRREHHK
BERBIE, BEIbick 3 kg0 MmE KE
mERDOHMITE 2 BEEROMERES DA EiT
khdbroaxni-botitEEINS (Bass et al,
1936; Hertzman, 1959), OM 2+ M B0 84D
BERBRIOLTHLTHS, b, ETFTRIOEA
FCHERHESHETICAF Lz P RIBVWRERSR
hb, KEBTE BT IRIEHEEL T,
FNICERRBETI O LBTE 545, 9PE
BHcHEAHERERTICAE L, PERUEYERS
BT CTEHMAER L2 T, 2 TEL DAY
EEL-e F EEBEORERR L wHRBEY
R->TwWwaLiRTx 3,

-3 £

MEAEEED RABT74 (O B, MEdx
NTHEIEEPHBECEABTI24 (OM 8,
BIUFTEFHILLE MB) OHKFHL
30 C, BETOBDEN TREBAICE T3 0OR
BELH100FOREREZHEL TRO XD %k

X
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COMPARISON OF PHYSIQUE AND BODY TEMPERATURE
AMONG SUBTROPICAL NATIVES, IMMIGRANTS
OF SUBTROPICAL NATIVES TO TEMPERATE
ZONE AND TEMPERATE NATIVES

Junzo Tsujrta, Makoto Mavuzumi, NoBuo TaNaka
AND SEIk1 Hori

Received for publication 5 March 1979

Anthropometrical measurements and measurements of body temperature were made in July in
Naha (Okinawa, subtropical zone) on 7 young male Japanese who were born and reared in Okinawa
(group O), and in July in Nishinomiya on 12 young male residents of Main Islands of Japan (temperate
zone) born and reared in Okinawa (group OM) and 11 young male residents of Main Islands born and
reared in Main Islands (group M). The mean value of duration of residence in Main Islands of
subjects in group OM was 15.8 years. Skin temperatures at 10 sites and oral temperature of seated
subjects, wearing short only, were measured in a climatic chamber maintained at 30 C and 70 per cent
relative humidity after sitting in a chair at rest in the climatic chamber.

Group O showed shorter height, lighter body weight, larger girths of chest, upper arm and thigh
than group OM and M. Group O showed smaller mean values of Rohrer’s index and Brugsch’s index
and greater mean value of the ratio of body surface area to body weight. Group O showed thinner
skinfold thickness and smaller percentage of body fat content than other two groups. Differences of
anthropometrical measurement between group OM and group M were much less when compared
with those between group O and other two groups. Mean values of oral temperature for group O,
OM and M were 37.0 C, 37.1 C and 37.2 C respectively. The mean values of mean skin temperatures
for group O, OM and M were 35.0 C, 34.8 C and 34.9 C respectively. Group O showed considerably
smaller value of T,— T, gradient (2.02 C) than group OM (2.35 C) and group M (2.29 C). These
results indicate that physical characteristics of subtropical natives have changed and that difference
of physical characteristics between subtropical natives and temperate natives and capacity of main-
taining higher skin temperature and higher conductive-convective heat transfer coefficient observed in
subtropical natives were reduced by long residence in a temperate zone.
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AN ATTEMPT FOR SHORT-TERM CULTIVATION
OF TRYPANOSOMA GAMBIENSE IN COEXISTENCE
WITH THE MOUSE L-CELL (AT 37 O

TosuinipE Fukumal, Hiroj1 KANBARA AND TosHIO NAKABAYASHI
Received for publication 16 March 1979

Abstract: It was attempted to cultivate Trypanosoma gambiense (Wellcome strain),
maintained by mouse-passages for years, in coexistence with the mouse L-cells in vitro at
37 C. In the system of culture the population of the cultured trypanosomes increased
3-fold in 24 hours, then decreased. The fact that the doubling time of trypanosomes
was longer in the culture system than in an infected mouse seemed to be related to the
suppressed division of parasites. It was observed that the final stage of parasite division,
that is, the cytoplasmic separation into 2 individuals was much prolonged in culture,
although the kinetoplastic, nucleal and flagellar duplication was carried through without
suppression. In the control without the L-cells, no multiplication of trypanosomes took
place. Infectivity of the cultured trypanosomes to mice did not change throughout the
course of culture, at least until the time of the maximum growth of parasites. The sub-
culture of trypanosomes was not successful.

INTRODUCTION

The in vitro cultivation of the trypanosomes belonging to the brucei group is
generally considered to be difficult to establish. Many studies on the matter have
been attempted since Novy and McNeal (1903, 1904) reported some success in culti-
vation of Trypanosoma brucei in a diphasic blood-agar medium called NN medium.
According to reports so far published, results of the cultivation of the trypanosomes
varied greatly depending on the species or strains of the parasites, and the tem-
perature applied to the experiments.

For the cultivation of the African sleeping sickness trypanosomes for the purpose
of diagnosis, Weinman (1944, 1946) presented a culture method using a semi-solid
medium which consisted of nutrient agar, human plasma and haemoglobin. Tobie
et al. (1950) reported a diphasic nutrient blood-agar medium, using rabbit blood
instead of human one. In this medium 7. gambiense and T. rhodesiense transferred
from laboratory animals were found to develop only to the proventricular forms
losing infectivity to laboratory animals as usually observed in cultures tried at the
temperature below 37 C. For a valuable diagnostic procedure, a haemoculture

Department of Protozoology, The Research Institute for Microbial Diseases, Osaka University,
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technique was reported on 7. gambiense by Neujean and Evens (1952), and Weinman
(1960) described a reliable culture method for diagnosis and isolation of 7. gambiense
and T. rhodesiense. In a defined or semi-defined medium, 7. gambiense (Nicoli,
1961), T. rhodesiense and T. brucei (Cross and Manning, 1973) were found to grow
at the culture temperature of 25-28 C. Although many attempts were done as
stated above, at the body temperature of mammals it has not been achieved to
cultivate the blood stream forms of the brucei group trypanosomes. In this con-
nection, Williamson and Rollo in 1952 observed survival in undiminished numbers
of T rhodesiense, for about 4 hours at 37 C in serum-free synthetic medium.

In recent years, the tissue culture methods were employed in the cultivation of
T. brucei by several workers. Le Page (1967) reported that the mouse L-cells in
NCTC 109 medium with 10 per cent calf serum could be used in cultivation of 7.
brucer at 37 C. Later, Eagle’s MEM medium with 20 per cent calf serum was em-
ployed as the basal medium by Hawking (1971). It was reported in those studies
that the trypanosomes inoculated into the media were found to multiply 2- to 5-fold
within 24 hours of cultivation, but subculture was not successful. Hirumi et al.
(1977 a, b) first reported on the successful cultivation of the blood stream forms of
T brucei at 37 C with use of the tissue culture system composed of the bovine fibroblast-
like cell and HEPES-buffered RPMI 1640 with 20 per cent heat-inactivated fetal
bovine serum.

The present study was an attempt of cultivation of 7. gambiense maintained by
mouse-passages for years, using tissue cultures of the mouse L-cell. As the result, no
establishment of the culture has been achieved, but some results could be obtained of
the multiplication, the morphological characters and the infectivity to mice on the
cultured parasites during the short-term cultivation.

MATERIALS

Trypanosoma gambiense employed in this study was the Wellcome strain which had
been maintained by serial passages through mice for years in our laboratory. Male
ddO mice, 6-7 weeks old, were used as the doners of the blood stream forms of 7.
gambiense and also brought to the infectivity test of cultured trypanosomes.

The mouse L-cell line was kindly supplied by the Department of Pathology in
this institute. The tissue culture medium for cultivation of 7. gambiense with the
mouse L-cells was Eagle’s MEM medium containing heat-inactivated calf serum at
10 per cent and antibiotics (100 U/m/ of penicillin G and 100 pg/m! of streptomycin
sulfate). |

In addition the miscellaneous experiments were performed as follows. As the
basal medium, RPMI 1640 or TCM 199 medium was tried in the place of Eagle’s
MEM medium. As the serum component, heat-inactivated rabbit, rat, mouse or
fetal calf serum was also tried in the same concentration as that of calf serum. For
the mouse L-cell, another line of mouse fibroblast cell was tested.
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ExpPERIMENTAL METHODS

Collection of trypanosomes: About 48 hours after the intraperitoneal inocula-
tion of 105 trypanosomes into each mouse, more than 108 parasites per m/ could be
found in the peripheral blood of the mice. Blood was drawn from the heart of the
infected mice with a syringe containing Alsever solution of almost equal volume to
mouse blood to be taken, then transferred into a mixture of Alsever solution (10 m/)
and culture medium (20 m/) in a centrifuge tube. The contents were centrifuged at
200 g for 5 min to sediment the blood cells and the supernatant was again centrifuged
at 1,000 g for 10 min to collect trypanosomes. The sediment was resuspended in
the culture medium and the parasite population was adjusted to 7.5 108/ml. All
the procedure to prepare the final parasite suspension was carried out at 4 C so as to
keep the fixed condition.

Preparation of L-cell cultures: Cultures of the mouse L-cell were prepared in
TD-40 flat culture bottles. The culture medium was the same as that for parasite
culture described in the chapter of materials and 15 m/ of the medium was used
a bottle. Each culture bottle was plugged with a spongy silicone stopper and in-
cubated at 37 C in air mixed with CO; at 5 per cent. These methods and condition
were also applied to the cultivation of trypanosomes. L-cell monolayers were
serially subcultured at 5- to 7-day intervals. For the cultivation of trypanosomes,
2 % 106 L-cells were inoculated into a fresh culture medium 4 days before the trypa-
nosome inoculation, according to the results of the preliminary experiment that a
confluent monolayer was formed from 2 x 106 L-cells within 3 days. The cultivation
of trypanosomes was mainly tried in coexistence with a monolayer of the L-cells.
The cultivation, however, was sometimes tried with a smaller number of the L-cells
than in a monolayer, at the growing stage of separate colonies, in order to examine
the influence of the growth condition of the L-cells. In preparation for this trial,
1 % 105 L-cells were inoculated into a fresh culture medium 4 days before trypanosome
inoculation. 3

Inoculation of 7. gambiense into the mouse L-cell cultures: The medium of the
mouse L-cell cultures was pipetted off, 14 ml of the fresh culture medium was added
into each culture 2 hours before the inoculation of parasites. One m/ of trypanosome
suspension (7.5 x 106 trypanosomes/m/) prepared from infected mice was introduced
into each of the tissue cultures. Thus, the parasite population became 5 X 10°/m/
at the initiation of culture.

Examination of cultured trypanosomes: Usually every 4 to 8 hours, a small
amount of the liquid portion of culture was sampled with small pipettes and all
living trypanosomes and dividing forms were counted separately with haemocytometer
under a phase-contrast microscope. From the results, the growth curve of cultured
trypanosomes and also the ratio of dividing forms to all living trypanosomes ob-
tained, respectively. At the same time Giemsa-stained smears were prepared for
classification of the parasites into the following 4 types of growing stages: 1) trypa-
nosomes with one kinetoplast and one nucleus, (1K, IN)-type; 2) 2 kinetoplasts and
one nucleus, (2K, IN)-type; 3) 2 kinetoplasts and 2 nuclei; (2K, 2N)- type; 4) no
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kinetoplast and one nucleus, (0K, IN)-type. The percentage of each type was
calculated from 1,000 parasites counted. To examine infectivity of cultured trypa-
nosomes, 10% or 50 parasites in 0.5 m/ of saline, taken from cultures at 12-hour
intervals, were inoculated intraperitoneally into each of 4 mice, then the mice were
subjected to examination of trypanosomes in the peripheral blood. A drop of blood
from the tail of infected mice was placed on a slide glass and covered with a cover

slip (24 mm X 24 mm), then examined for trypanosomes at x 400 magnification with
a microscope.

REsuLTs

The growth curves of trypanosomes which were inoculated into the L-cell
culture under different conditions were shown in Figure 1. On the L-cell layer
which had been grown enough to cover the bottom of a culture bottle completely,
trypanosomes were found to start multiply without lag phase and the number of
trypanosomes were became 2-fold between 14 and 16 hours of culture and 3-fold
within 24 hours, then decreased. On the other hand, over the L-cell layer which
was just at the stage of separate colony formation, covering almost 1/4 area of the
bottom of a culture bottle, the growth period of trypanosomes was usually prolonged
and the number of trypanosomes decreased gradually, although the multiplication
rate was lower. In the culture of trypanosomes without using L-cells, trypanosomes
could not multiply and decreased within 12 hours.

Growth activity of trypanosomes in culture varied greatly due to the phase of
parasitaemia in an infected mouse at the time of bleeding for parasite collection.
Trypanosomes collected from an infected mouse with the maximum parasitaemia of
over 1Xx10°% parasites per m/ of blood, showed multiplication only during such a
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Figure 1 Growth curves of trypanosomes in culture.
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short period as 6 to 8 hours. Therefore, parasites at the peak of parasitaemia could
be regarded as inadequate materials for inoculation into this culture system.

The dividing forms of living trypanosomes shown in Figure 2 as percentage
along the course of culture time. In this study the dividing form indicated a trypa-
nosome at the stage of incomplete separation into 2 individuals but showing the partial
separation of the cytoplasm in the anterior part. The proportion of dividing forms
of cultured trypanosomes with the L-cells were observed to increase for 16 hours of
cultivation, reaching almost 1/3 of the whole population of cultured trypanosomes,
then decreased. Under the condition that trypanosomes could not multiply in the
culture without the L-cells, the proportion of the dividing forms remained at the
initial level for 24 hours of observation.
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Figure 2 Proportion of dividing forms.

The proportion was determined by calculating the ratio of the
dividing forms to all living parasites from the numbers counted
under a phase-contrast microscope.

Trypanosomes in culture were counted, differentiating into 4 types of growing
stages on Giemsa-stained smears. As shown in Figure 3, the ratio of (1K, IN)-type
trypanosomes apparently shifted to that of (2K, 2N)-type, passing through the stage
of (2K, IN)-type in accordance with culture time. In the culture system with the
L-cells the proportion of (2K, 2N)-type trypanosomes which were thought to be at
the most advanced stage of division reached the highest level, 32 per cent in 20 hours
of cultivation, then became lower. On the other hand, in the culture without
L-cells, in which no multiplication of trypanosomes took place, the portion of
(2K, 2N)-type increased to occupy 1/3 portion of the total population in 8 to 12 hours
of cultivation time. From the view of the kinetics of trypanosome division, it might
be interesting that the maximum portion of the dividing forms showed similar value
to that of the (2K, 2N)-type in the culture system with L-cells. On the other hand,
in the culture system without L-cells, the proportion of the dividing forms stayed at
a very low value throughout the culture period, although the (2K, 2N)-type showed
an increase in proportion. It was understood from this result that the cytoplasmic
division of the (2K, 2N)-type parasites would be highly suppressed in the culture
system without L-cells. Furthermore, in the absence of L-cells, it was impossible to
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classify into 4 types in smeared preparations after 16 hours of culture, because of
the rapid increase of degenerated parasites.

The infectivity test to mice of the cultured trypanosomes with L-cells, taken
every 12 hours from the culture, was undertaken with 10® trypanosomes per mouse
as inoculum size. The infectivity was measured by the prepatent period during
which no parasite could be found in the peripheral blood of mice through 20 fields
at X400 magnification and the days after inoculation until death of mice. It was
observed that trypanosomes within 36 hours of cultivation did not show any different
feature of infectivity to mice in comparison with the control trypanosomes inoculated

Table 1 Infectivity of cultured trypanosomes to mice

Inoculum size A: 108 B: 50
Culture time 0 12 24 36 0 52
(hours) (Control) (Control)
Mice abecd abcd abecd abcecd abcd abcd
Prepa(tgerll;sgeri‘)d 2222 2222 2222 2222 3333 3333
Days until death 4555 5554 56555_555 _ 6666 7666

A: cultured with L-cell monolayer B: cultured with L-cell colonies
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at time zero. Furthermore, even with as few as 50 trypanosomes in the 52-hour
cultivation no lower infectivity to mice could be found (Table 1).

The subinoculation into fresh tissue culture with a part of the culture suspension
or cultured trypanosomes collected by centrifugation was tried at different phases of
the culture course, but the transferred parasites did not multiply, showing rapid
decrease in number.

In the miscellaneous experiments, firstty RPMI 1640 and TCM 199 as the basal
medium were examined for the supporting efficacy upon parasite growth, respectively.
Secondly, heat-inactivated rabbit, rat, mouse and fetal calf serum was also examined
respectively, in place of inactivated calf serum. Finally, another mouse fibroblast
cell line was tried instead of the L-cell. All these attempts gave the similar results
as described hitherto. '

Discussion

Establishment of the in vitro cultivation of the blood stream forms of the brucei
group trypanosomes has been expected for a long time. Hirumi et al. first in recent
years reported the successful cultivation of T. brucei, applying the tissue culture
method.

From the results obtained in this study, the presence of tissue culture cells was
thought to be indispensable to support the multiplication and survivability of 7.
gambiense in vitro, though within limitation. Although many attempts were done, the
doubling time of trypanosomes in culture appeared to be much prolonged as compared
with that in infected mice. From these facts, this culture system might be lacking
some components which would be essential for growth of trypanosomes. On the
basis of this consideration, the necessary components were probably carried over
into the culture system by trypanosomes when inoculated from infected mice. After
the consumption or dilution of these components by trypanosomes in culture, their
multiplication would be ceased and the number of them would decrease. This
would be reasonably thought from the fact that there was no lag phase until the
beginning of multiplication of trypanosomes. Those related facts would also give
the reason why the subculture of trypanosomes was impossible.

The accumulation of the dividing forms and of the (2K, 2N)-type parasites in
culture was not assumed to indicate the inhibition of the division of kinetoplast,
nucleus or flagellum, but the cytoplasmic division was probably suppressed by some
unknown factors, although other factors to promote the growth and survival of
trypanosomes would be contained in the culture medium and also supplied by
L-cells.

This cultivation was carried out at 37 C and trypanosomes growing in culture
did not show any loss of infectivity to mice. Therefore, T. gambiense in this culture
could be regarded to maintain the characters of the blood stream forms of the para-
sites, although more detailed examinations should be necessary to determine it.
From these standpoints, in a shorter period less than 24 hours, this cultivation system
for T. gambiense was thought to be effectively applicable to some in vitro experiments
of this parasite strain.
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The outline of this paper was reported at the 32nd West Japan Regional Meeting

of the Japanese Society of Parasitology in Kurashiki City, November 11, 1976.
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DEVELOPMENT OF BRUGIA PAHANGI MICROFILARIAE
FROM JIRD PERITONEAL CAVITY IN AEDES AEGYPTI

Cueng-Kuo CHuang, Yasuo NAKAJIMA! AND YOSHIKI AOKI
Received for publication 1 September 1979

Abstract: A new apparatus for feeding mosquitoes is described. It is constructed
without special technique and easy of handling. The usefulness of the apparatus is
demonstrated by a report on investigations into the effects of nucleotides on mosquito
gorging and the development of the microfilariae from the jird peritoneal cavity and from
the dog venous blood in Aedes aegypti. As a phagostimulant 1073M ATP is the most
effective of the nucleotides tested. The microfilariae from the jird peritoneal cavity have
been proved to reach stage III (i.e. infective stage) as those from the dog, although the
rate is lower in the former. Itis also proved that the microfilariae develop to infective
larvae in the mosquitoes which have not taken blood, serum or protein meals.

INTRODUCTION

Brugia pahangt, whose normal hosts are cats and dogs (Buckley and Edeson, 1956;
Laing et al., 1960; Schacher, 1962 a, b), was successfully transmitted to the jird
(Meriones unguiculatus) with subcutaneous inoculation of infective larvae (Ash and
Riley, 1970; Ash, 1973). When the infective larvae were inoculated into the peri-
toneal cavity of the jird, adults and microfilariae were recovered from the peritoneal
cavity (McCall et al., 1973). The adults and microfilariae localized in the peritoneal
cavity seem to follow an aberrant mode of development, although the ease of recovery
of worms from the small rodents may serve for the studies on the biology, biochemistry,
immunology and host-parasite relationships of filariasis. A search in the literature
failed to reveal any report on the development of the microfilariae from the peri-
toneal cavity in mosquitoes.

There have been described several methods of feeding hematophagous arthro-
pods artificially through natural and artificial membranes. Most of the devices have
utilized a flat membrane extended in a horizontal plane. The devices with flat
membranes have been used for mosquitoes by previous authors (St. John et al., 1930;
Woke, 1937; Bishop and Gilchrist, 1946; Eyles, 1952; Kartman, 1953; Bar-Zeev and
Smith, 1959; Collins, 1963; Collins et al., 1964; Rutledge et al., 1964; Behin, 1967).
In most of such devices it is difficult to maintain the solution offered to the arthropods
at a certain temperature suitable for feeding. On the other hand, Pipkin and
Connor (1968) have reported a device with a pouch-like membrane of rubber, sheep
caecum or pig intestine sheathing a test tube with rounded bottom and also Kitaoka
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and Morii (1970) a feeder with a membrane of chicken crop covering a round bottom
tube, which provide sufficient surface areas of the membranes for mass feeding of
colonized vectors. In the latter devices the temperature of feeding solution can be
maintained with ease, although relatively large quantity of feeding solution has to be
filled in the space between the membrane and the tube.

Hosoi (1959) has examined a variety of chemicals dissolved in buffered saline
offering to Culex pipiens pallens singly confined in a glass tube with a forcible feeding
technique and reported that some nucleotides stimulate the mosquito into gorging
with a blood meal, which is dispatched only to the stomach. Rutledge et al. (1964)
found that adenosine triphosphate is a phagostimulant to some mosquitoes.

As the vector mosquitoes for Brugia pahangi, Armigeres subalbatus and/or Aedes
fogoi were used by previous authors (Ash and Riley, 1970; Ash, 1973; Kan and Ho,
1973; Nakajima et al., 1976). In the present studies Liverpool strain of Aedes aegypti
has been used because of ease of maintenance and feeding as well as susceptibility
to Brugia pahangt infection.

This paper describes a new apparatus designed for feeding microfilariae to
mosquitoes, the phagostimulant effect of nucleotides on Aedes aegypti and the de-
velopment of microfilariae from the jird peritoneal cavity in the mosquito in com-
parison with those from the dog venous blood. It also discusses the effect of protein
meals for mosquitoes on the development of larvae.

MATERIALS AND METHODS

I. Feeding apparatus, solutions and mosquitoes

The feeding apparatus consisted of a glass jar about 8 cm in height with a flat
bottom about 4 cm in diameter and a rubber stopper inserted with two cannulae.
The cannulae were connected to a water pump with two flexible polyvinyl tubes.
The inside of the jar was circulated with water from a thermostatically controlled
water bath whose temperature was maintained at 38 C.

Mice were sacrificed under ether anesthesia. The fur on the skin was clipped
off as closely as possible with a pair of electric clippers. The skin was then removed
from the carcass and the subcutaneous and fatty tissues were eliminated. The skin
was washed with saline and stored in a refrigerator or a freezer prior to use. When
needed, the skin membrane was washed with saline and stretched, the subcutaneous
side inward, over the bottom of the jar, to which it was held by a rubber band. A
Pasteur pipette was inserted between the membrane and the side of the jar. Com-
mercially available, salted outermost layer of sheep intestine and prophylactic rubber
condoms were also tried as feeding membrane. Their use was eventually discon-
tinued, because the former tended to be leaky after freshening and mosquitoes had
difficulty in piercing the latter.

The feeding solutions tested were physiological saline, Dulbecco’s phosphate-
buffered saline without calcium or magnesium (PBS) and bovine serum. The
bovine serum was light red in color due to hemolysis. The nucleotides used as
phagostimulants were adenosine 5’-monophosphoric acid (from equine muscle,
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Type V, Sigma Chemical Co.) (AMP), adenosine 5’-diphosphate (from equine
muscle, Sodium salt, Grade I, Sigma Chemical Co.) (ADP) and adenosine 5'-
triphosphate (disodium salt, P-L Biochemicals Inc.) (ATP) dissolved in the final
concentration of 10-¢ M or that of 10-3 M. The nucleotides were added to the
cold solutions just prior to the experiment and placed in an ice bath until feeding.
Controls were the solutions without nucleotides as well as dog serum and

Figure | Feeding apparatus for mosquitoes.
A skin membrane is stretched over the flat bottorn of the glass jar. Feeding solution

is placed into the space between the jar bottom and the membrane through Pasteur
pipette. Inside of the jar was circulated with water from a temperature-controlled
water bath through a water pump, two flexible tubes and two cannulae.
Figure 2 Mosquitoes piercing the membrane of the apparatus hung in the cage and gorging
feeding solution. , (
Figure 3 Plase-contrast microphotograph of stomach contents of Aedes aeg.ypiz’ dissected im-
mediately after artificial feeding of microfilariae. '
As shown in the figure, overcrowding of microfilariae in the stomach was occasionally
observed in the group of mosquitoes offered the microfilariae from jird peritoneal cavity
- at the density of 1,000 to 1,500 per 0.03 m/ of PBS,
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defibrinated rabbit blood. In some experiments a drop of Indian ink or a drop of
one per cent patent blue solution was added to each 2 to 3 m/ solution for easy
identification of the solutions in the alimentary tract of mosquitoes.

The feeding solution, 2 to 6 m/, was placed into the space between the jar
bottom and the skin membrane through the Pasteur pipette, which was then removed
(Figure 1). The side of the jar was covered by a polystyrene sheet.

The mosquitoes used were Aedes aegypti (Liverpool strain) which were maintained
in our laboratory. For feeding trials 28 to 100 female mosquitoes were put into a
cage about 40 cm long, 30 cm wide and 30 cm high. Age range was 5 to 7 days
from the day of emergence. The diet, 2 per cent sucrose solution, was removed 24
hours before the trials.

The jar was hung in the cage through the top hole of the cage (Figure 2). The
ambient temperature was 17 to 25.5 C. The cage was covered up with a sheet of
black cloth. The test period for each cage was 30 minutes. Immediately after
the feeding, the mosquitoes were anesthetized with ether and dissected under an
operating microscope.

II. Infection of Aedes aegypti with Brugia pahangi microfilariae

Microfilariae were recovered from the peritoneal cavity of the infected jirds
(Meriones unguiculatus) which had been inoculated intraperitoneally with the infective
(i.e. stage III) larvae of B. pahangi. After the injection of 10 m/ of PBS into the
peritoneal cavity, the syringe was removed and the 18Gx114” (1.2x38 mm)
needle was left to recover the injected fluid containing microfilariae. The fluid
dripping through the needle was collected, mixed with cold PBS and centrifuged
for 5 min at 6,000 rpm, 0 C. The sediment was resuspended in cold PBS or bovine
serum to yield 700 to 2,000 microfilariae per 0.03 mi. Just prior to the feeding,
ATP was added in the final concentration of 10-3 M.

Controls were the direct feeding of Aedes aegypti (Liverpool strain) on an infected
dog and the artificial feeding of the mosquitoes with the microfilariae obtained from
the venous blood of the same dog. The microfilaria count of the dog was 495 per
0.03 m/ of peripheral blood. The mosquitoes were allowed to feed for 15 min on
the infected dog under ketamine hydrochloride (Ketalar®) anesthesia. Venous
blood was obtained from the vein of the hind limb of the dog with plastic syringes
which were prepared by wetting the walls with 1,000 U/m!/ heparin. To each 5 m/
of venous blood, 45 m/ of cold one per cent saponin solution was added to attain
hemolysis. The mixture was centrifuged for 5 min at 6,000 rpm, 0 C. The sedi-
ment was resuspended in cold saline and centrifuged under the same conditions
twice. Then the sediment was resuspended in cold bovine serum and PBS to make
100 and 600 microfilariae per 0.03 m! respectively, to which 10-3 M ATP was added
Jjust prior to the feeding.

For feeding, 3 m/ of solution was placed in the apparatus to a cage of 89 to 140
female mosquitoes. The mosquitoes were allowed to feed for 15 min at the ambient
temperature of 2541 C. To count the number of microfilariae ingested, the mos-
quitoes were anesthetized and dissected under an operating microscope immediately
after feeding. To observe the exsheathing of microfilariae, 5 to 10 mosquitoes of
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each cage were anesthetized and dissected every hour from one to 8 hours after
feeding except 7 hours. The content of the stomach was smeared on a glass slide
(Figure 3), dried rapidly, fixed with methylalcohol and stained with Giemsa solution.
Also 5 to 10 mosquitoes per cage were dissected every day from one to 13 days after
feeding to observe the development of larvae. The larvae were classified into three
developing groups according to the morphological characteristics described by
Schacher (1962 a). Measurement of body length was done on the infective larvae
recovered from the mosquitoes dissected 11 days after feeding.

REesuLTs

1. Response of Aedes aegypti to nucleotide solutions

Physiological saline without nucleotide was not detected in the stomach nor in
the diverticula of Aedes aegypti (Table 1). Saline containing 10+ M AMP was

Table 1 Response of dedes aegypti to nucleotides in saline with localization and degree
of intake of solutions'

No. of mosquitoes

Nucleotide . . .
dissected  fed (degi’relest)(;‘nil:tcal}{e)” (defgr;ei“é?iﬁ:lli)ﬂ

None- v 30 0 -0 . 0
AMP 10-*M* 29 5 5(p,3:s,2) 1(s, 1)
ADP 10*M* 29 14 14 (p, 10: s, 4) 0
ATP 10-*M* 30 18 18 (f, 4: p, 13:5, 1) 0
AMP 10-3M** 94 81 80 (f, 27: p, 53) 1, 1)
ADP 10-3M** 83 80 80 (f, 27: p, 53) 0
ATP 10-3M** 86 73 73 (f, 20: p, 53) 0"

t Artificial feeding at ambient temperature of 25-25.5 C.

ft f; fully distended: p; partially distended: s; slightly distended.
* A drop of 1%, patent blue solution was added to each 2 ml.

*% A drop of Indian ink was added to each 3 mi.

found in 5 of 29 mosquitoes, in 3 of which the stomach was partially distended,
in two slightly, and in one the diverticula also contained small quantity of the solu-
tion. Saline containing 10-¢ M ADP was found in 14 of 29 mosquitoes; in 10 of
them the stomach was partially distended and in four slightly. The phagostimulant
effect of 10+ M ADP was more marked than that of 10-¢ M AMP: The difference
in the stomach engorgement of the solution was significant (p<<0.0254) in the chi
square test. Saline containing 10-# M ATP was found in 18 of 30 miosquitoes; in
four of them the stomach was fully distended, in 13 partially and in one slightly.
ATP was more effective than. AMP: The difference in the stomach engorgement
between 10-¢+ M AMP and 10-¢ M ATP was statistically significant (p<<0.0019).
When 10-3 M nucleotides were added to saline, more mosquitoes gorged and the
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rates of full stomach distension were higher than those in 10-¢ M concentrations
(Table 1):  Using the chi square test the differences in the stomach engorgement
were significant in AMP (p<0.0001), ADP (p<<0.0001) and ATP (p<:0.0096).

PBS without nucleotides was detected in 4 of 30 mosquitoes, in one of which the
stomach was fully distended, in one partially and in two slightly (Table 2). When
10-¢ M AMP or 10-¢ M ADP was added to PBS, the rate of stomach intake seemed
to be a little higher than the solution without nucleotides, but the computed values
of chi square were not statistically significant. PBS containing 10-¢ M ATP was
engorged by 23 of 29 mosquitoes, in 22 of which the stomach was fully distended.
As a phagostimulant, ATP was significantly more effective than AMP (p<0.0015)
or ADP (p<<0.0003). On the dissection, sucrose solution was found to remain in
the diverticula of the mosquitoes offered 10-3 M nucleotides in PBS. It might
probably have inhibited the feeding of nucleotide solutions to a certain extent.
Only 46 of 90 mosquitoes took 10-* M AMP solution (Table 2). Although the
rate of engorgement was significantly higher than the control solution (p<0.0015),
the difference between 10-#M AMP and 10-3 M AMP was not statistically sig-
nificant. On the other hand, the difference between 10-¢M ADP and 103 M
ADP was highly significant (p<C0.0002). The rate of engorgement of 10-3 M ADP
in PBS was higher than that of 10-3M AMP in PBS: The difference was statisti-
cally significant (p<C0.032). As a phagostimulant in PBS, 10-3 M ATP was more
effective than 103 M ADP: The difference was also significant (p<0.020).

Table 2 Response to nucleotides in PBS with localization and degree of intake of solutions'

No. of mosquitoes

Nucleotide . . .
dissected  fed (degxl'gesf)%?natca}ll(e)” (de;?eglziqriﬁf:ﬁi)ﬂ
None 30 4 4 (f,1:p, 1:5,2) 0
AMP 10-*M* 30 9 9(f,l:p, l:s,7) 0
ADP 10-‘M* 30 7 7(7) 3 (s, 3)
ATP 10-*M* 29 23 23 (f,22:p, 1) 3 3
AMP 10-3M** 9Q*** 46 46 (f, 19: p, 27) 0
ADP 10-3M** 93k x* 63 63 (f, 34: p, 29) 0
ATP 10-3M** 96 *** 80 79 (f, 34: p, 45) 1(p, 1)

T Artificial feeding at ambient temperature of 22-24 C.
T f; fully distended: p; partially distended: s; slightly distended.
* A drop of 19, patent blue solution was added to each 2 ml.
** A drop of Indian ink was added to each 3 ml.
_ ***. Sucrose solution remained in diverticula.

“Bovine serum was light red in color due to hemolysis. At the ambient tempera-
ture of 17 C, bovine serum without nucleotides was taken by 19 of 30 mosquitoes, in
18 of which serum was detected in the stomach and in three in the diverticula (Table
3). Only 8 of 30 mosquitoes took dog serum without nucleotides, which had been
obtained without apparent hemolysis. The difference in the stomach engorgement
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between bovine serum and dog serum was statistically significant (p<<0.0191). The
addition of 10+ M AMP or 10-¢ M ADP to bovine serum did not enhance the rate
of feeding: The computed values of chi square were not statistically significant.
On the other hand, the addition of 10-¢# M ATP stimulated a little the stomach
engorgement: The difference was statistically significant (p<C0.0487). At the
ambient temperature of 25 C, 39 of 100 mosquitoes gorged bovine serum without
nucleotides; only in eight of them the stomach was fully distended and in 31 partially
(Table 4). The addition of 10-3 M nucleotides to serum enhanced the rates of
feeding and full stomach distension. The differences in the stomach engorgement
were highly significant (p<<0.0001) in the three nucleotides. However, the addition
of 10-3M AMP to bovine serum was not so effective as that of 10-* M ADP or of
10-3M ATP. When ADP or ATP was added, the rate of feeding was equal to that
in rabbit defibrinated blood. The difference between 102 M AMP and rabbit
defibrinated blood was highly significant (p<<0.0012), while the computed values of

Table 3 Response to 10-*M nucleotides in bovine serum’ and to dog serumf?

No. of mosquitoes

Nucleotide dissected fed in stomach in diverticula
1ssecte © (degree of intake)**  (degree of intake)**
None, bovine serum#* 30 19 18 (f, 4: p, 2:'5, 12) 3 (s 3
AMP 10-¢M* 29 18 18 (f,4: p, 5:5,9) " 3(p,1:52)
ADP 10-¢M* 28 22 22 (f, 6: p, 4:5, 12) 3 (p,1:s,2)
ATP 10~*M* 29 25 25 (f, 20: s, 5) 2 (s, 2)
None, dog serum 30 8 8(f,1:p, 1:5,6) 0

¥ Bovine serum was a little hemolysed.
Tt Artificial feeding at ambient temperature of 17 C.
* A drop of 1% patent blue solution was added to each 2 m/.
** f. fully distended: p; partially distended: s; slightly distended.

Table 4 Response to 10~*M nucleotides in bovine serum’ and to rabbit defibrinated bloodf?

No. of mosquitoes

Nucleotide . in stomach o
dissected fed (degree of intake)** in diverticula
None, bovine serum* 100 39 39 (1, 8: p, 31) 0
AMP 10-3M* 95 74 74 (f, 40: p, 34) 0
ADP 10-3M* 94 90 90 (f, 77: p, 13) 0
ATP 10-3M* 100 96 96 (f, 75: p, 21) 0
None, rabbit 89 85 85 (f, 68: p, 17) 0-

defibrinated blood*

T Bovine serum was a little hemolysed.
ft Artificial feeding at ambient temperature of 25 C.
* A drop of Indian ink was added to each 3 mi.
** f; fully distended: p; partially distended: s; slightly distended,
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chi square were not statistically significant in ADP and ATP. The rate of full
stomach distension was also lower in AMP than in ADP, ATP or defibrinated blood
(Table 4). :

These results indicated that ATP was the most effective phagostimulant to
Aedes aegypti, that ADP was next to ATP and that AMP was the least of three nucleo-
tides. It was also clear that 10-3 M concentration was generally more effective
than 10-¢# M concentration.

II. Artificial feeding and development of larvae

The mosquitoes which fed directly on the dog with microfilaremia of 495 per
0.03 m! of peripheral blood became infected at a rate of 88.5 per cent (Table 5). At
the dissection immediately after feeding, the average number of microfilariae in the
stomach of the infected mosquito was 18.0 and the range was two to 75. The mos-
quitoes fed on PBS containing the microfilariae from the dog venous blood at the
density of 600 per 0.03 m/ became infected at a rate of 92.3 per cent. The number
of microfilariae in the stomach of the infected mosquito was 21.5 on an average,
varying from four to 47. The mosquitoes taken PBS containing the microfilariae
from the jird peritoneal cavity at the density of 700 per 0.03 m/ became infected at
a rate of 33.3 per cent. The average number of microfilariae per the infected was
38.0 and the range was five to 204. When the density was raised to 1,000 in PBS,
the infection rate was 77.7 per cent, and the average number was 204.0 with the
range of four to 653. The microfilarial density of 1,500 in PBS produced the infec-
tion rate of 84.2 per cent and the average number of 336.6 with the range of one to
1,213. Thus, the infection rate seemed to be lower in the artificial feeding with
PBS than in the direct feeding, if the microfilarial counts were similar in both groups.

Table 5 Infection rates in mosquitoes and numbers of microfilariae in stomach on
dissection immediately after feeding

Source Feeding | Mf. count No. of mosquitoes 1‘\/Ican his ci): Otf d
of mf. medium#* per 0.03 m!/ di . o mi. per mecte
’ ‘ issected infected (%) (range)
Dog
peripheral (direct) 495 26 23 (88.5) 18.0 (2-75)
blood
Dog PBS 600 13 12 (92.3) 21.5 (4-47)
yenous bovine
blood serum B 100 : 12 5 (41.7) 5.2 (2-9)
. 700 27 9 (33.3) 38.0 (5-204)
PBS © 1,000 - 27 21 (77.7) 204.0 (4-653)
Jird S 1,500 - 19 - 16 (84.2) 336.6.11-1,213)
peritoneal -
“ravity v et 10000 20-- - - 157(75.0) 19.0 (1-79)
bovine N S em A on
serum 1,500 S 20 o 20 (100) | 180.2 (3-505)
2,000 .20 _  20(100) . 137.8 (1-1,002)

* As phagostimulant 10-*M ATP was contained,
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The average number of microfilariae per infected mosquito was greater and the
individual count per mosquito varied more widely in the artificial feeding with PBS
than in the direct feeding. The infection rates with bovine serum were similar to
those with PBS (Table 5). The computed value of chi square was not statistically
significant at the density of 1,000. In bovine serum, however, the average number
of microfilariaec per the infected seemed to be less and the individual count per
mosquito varied less widely than in PBS. ‘

The microfilariae from the dog venous blood exsheathed in the stomach of Aedes
aegypti after the artificial feeding. Exsheathing reached the high percentage of 38.9
at one hour and that of 54.8 at 2 hours after the feeding with bovine serum (Table 6).
Thereafter, the percentage of the exsheathed microfilariae among the ones remaining
in the stomach ranged from 26.8 to 58.4. Exsheathing of the microfilariae from the
dog venous blood occurred at lower rates with PBS than with bovine serum: The
percentages were only 6.4 to 18.4 with PBS.

Table 6 Exsheathing of microfilariae in stomach after artificial feeding

No. of No. of exsheathed mf./total no. of mf. (%)
Source Feeding on hourly dissection after feeding**

of mf., medium#* dissected

mosquitoes 2 3 4 5 6 8 total

PBS 50 39/610 19/156 51/440 33/399 20/140 N.D. 16/87 - 178/1,832

Dog (6.4) (12.2) (11.6) ( 8.3) (14.3) (184)  (9.7)
VENnous

blood  bovine 59 21/54 51/93 15/56 34/81 31/70 66/113 21/53 ~239/520

serum (38.9) (54.8) (26.8) (42.0) (44.3) (58.4) (39.6) (46.0)

: 2/740 0/111 5/257 16/433 16/693 9/312 1/988 49/3,534

%‘;ﬁ_ PBS 81 (03) (0) (1.9 (37 (23) (29 (01) (1.4

t‘;‘j}ff‘l bovine 57 0/452 4/427 3/109 14/112 12/130 35/137 32/174 100/1,541

vty serum (0) (09 (28 (12.5) (92) (255 (186) ( 6.5)

* As phagostimulant 10-3M ATP was contained.
** Dissection was not done 7 hours after feeding.

The microfilariae from the jird peritoneal cavity exsheathed also in the stomach
of mosquito, although less than one per cent of the microfilariae exsheathed at one
hour and 2 hours after the feeding both with PBS and bovine serum. After 4 hours
of feeding the percentage of the exsheathed microfilariae varied from 9.2 to 25.5 with
bovine serum, while less than 4 per cent of microfilariae exsheathed with PBS. Thus,
the microfilariae from the jird peritoneal cavity exsheathed at much lower rates than
those from the dog venous blood with both media. The differences in the overall
exsheathing between the microfilariae from the jird peritoneal cavity and those from
the dog venous blood were highly significant (p<<0.0001) in both media.”

As shown in Table 7, the death rates of mosquitoes were lower in.the groups
taken the microfilariae from the jird peritoneal cavity than in the groups received
the microfilariae from the dog venous blood, although the density of microfilariae in
the feeding medium and the average number of microfilariae taken up by a mosquito
were higher in the former groups. The difference in the death rate between the
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Table 7 Numbers of deaths in mosquitoes 1 to 11 days after artificial feeding

Mf. Total Mean no. No. of mosquitoes died
Source  Feeding count no. of of mf. on days after feeding
of mf. medium* per mosqui- per infected
0.03m/ toes (range)** 12 3 4567 891011 total
Dog PBS 600 89 21.5 (4-47) 1324 7102 00 0 0 38 (42.7)
venous bovine :
blood serum 100 114 5.2 (2-9) 08 822304 00 0 0 45(39.5)
700 132 380(55204) 00 1 3768 35 1 0 34(25.8)
_ PBS 1,000 122 2040(4653) 03 4 0220 00 0 0 1I(9.0)
-I];;c,li_ 1,500 105 336.6 (1-1,213) 19 3 0001 21 0 0 17(16.2)
z‘;‘;ff‘yl . 1,000 140 19.0(1-79) 10 1 0554103 1 1 31(221)
:’e"rfl‘;e 1,500 97 1802(3-505) 41 1 0000 11 1 0 9(93)
2,000 100 1378 (1-1,002) 52 0 0000 00 1 0 8¢( 8.0

* As phagostimulant 10-°M ATP was contained.
** Numbers immediately after feeding.

group received the microfilariae from the dog at the density of 600 per 0.03 m/ in
PBS and the group taken those from the jird at the density of 700 in PBS was sta-
tistically significant (p<<0.013). Also the difference was significant (p<<0.0044)
between the group received the microfilariae from the dog at the density of 100 in
bovine serum and that taken the microfilariae from the jird at the density of 1,000 in
bovine serum. The mosquitoes received the microfilariae from the dog most fre-
quently died 3 or 4 days after feeding. In the groups taken those from the jird at
the density of 700 in PBS and at that of 1,000 in bovine serum, most deaths occurred
5 to 7 days after feeding. When the density was higher, most deaths occurred much
earlier, within one to 3 days of infection.

On and after one day of infection, the infection rate of mosquitoes taken the
microfilariae from the dog venous blood at the density of 600 in PBS was as high as
that in the group which fed directly on the dog (Table 8). In the group offered
the microfilariae from the dog at the low density of 100 in bovine serum, the infection
rate was as low as 12,9 per cent 10 to 13 days after feeding. In the groups given the
microfilariae from the jird in PBS, the infection rates were low; although the density
of those from the jird was raised to 1,000 or 1,500, the rates at the period between 10
to 13 days of infection seemed to be lower than that of the microfilariae from the dog
offered at the density of 600. Also the rates were low in the groups received the
microfilariae from the jird in bovine serum. The infection rate was 30 per cent in
the mosquitoes given the microfilariae from the jird at the density of 1,000 in bovine
serum 10 to 13 days after feeding, seemingly higher than that in the mosquitoes taken
the microfilariae at the density of 100. But the difference was not statistically sig-
nificant. When the -density of those from the jird was raised to 1,500 or 2,000 in
bovine serum, the rate at the same period became significantly higher (p<0.039 at
1,500; p<<0.0017 at 2,000) than that of the microfilariae from the dog given at the
density of 100. =
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No. of mosquitoes

Feedi Mf. . .
Socf)‘urgcf.e mggiﬁ;g* per 0?8; I:;l Infected/dissected (9,) for periods
1-5 days 6-9 days 10-13 days
Dog
peripheral (direct) 495 18/25 (72.0) 16/20 (80.0) 9/10 (90.0)
blood
Dog PBS 600 13/15 (86.7) 12/13 (92.3) 9/10 (90.0)
venous bovine
blood serum 100 5/14 (35.7) 2/12 (16.7) 4/31 (12.9)
700 25/61 (41.0) 10/42 (23.8) 25/76 (32.9)
PBS 1,000 4263 (66.7) 29/42 (69.0) 51/75 (68.0)
Jird 1,500 20/27 (74.1) 17/22 (77.3) 11/20 (55.0)
peritoneal
cavity _ 1,000 14/28 (50.0) 2/21 ( 9.5) 12/40 (30.0)
l?;‘l’;r':f 1,500 22/27 (81.5) 11/21 (52.4) 10/20 (50.0)
2,000 21/27 (77.8) 13/20 (65.0) 14/25 (56.0)

¥ As phagostimulant 10-3M ATP was contained.

The individual counts of larvae recovered from the mosquitoes fed directly on
the dog did not vary widely throughout the development of larvae (Table 9). In
this group, the average number of larvae per mosquito was 5.7 to 14.0 during the
period between one and 3 days of infection and did not fluctuate widely in the sub-
sequent period of infection. In the mosquitoes given the microfilariae from the dog
venous blood at the density of 600 per 0.03 m/ in PBS, the average number of larvae
per mosquito was equal to or somewhat higher than that of direct feeding group,
although the individual counts of larvae varied more widely. In the mosquitoes fed
on the microfilariae from the dog venous blood at the low density of 100 in bovine
serum, only a few larvae were recovered even in the early period of infection.

The average number of larvae per mosquito was much lower in the group offered
the microfilariae from the jird peritoneal cavity at the density of 700 per 0.03 m/ in
PBS than in the group taken those from the dog venous blood at the density of 600
(Table 9): Only 2 of 179 mosquitoes dissected during 13 days of infection harbored
10 larvae or more. When the microfilarial density in PBS was raised to 1,000, the
average number approached to that of the direct feeding group. In the group fed on
PBS containing the microfilariae at the density of 1,500, the average number was
higher than that of the direct feeding group during the period between one and 6 days
of infection and equal to that of the latter subsequently. In the groups given the
microfilariae from the jird peritoneal cavity with bovine serum, the average number
of larvae per mosquito was far below that of the direct feeding group. In the artificial
feeding groups, especially those given the microfilariae with PBS, the individual
counts of larvae recovered from the mosquitoes varied widely, more frequently in
the early period of infection than in the late period.



Table 9 Numbers of larvae developed in mosquitoes after direct or artificial feeding

Mean no. of larvae per infected mosquito

Source Feeding M. count (range) on days after feeding
of mf. medium* 0 (}))gr !
0 m 1 2 3 4 5 6
Dog
peri- . 14.0 5.7 9.3 4.7 8.3 3.0
pheral (direct) 495 4o (1213)  (2-16)  (1-8)  (4-12)  (1-6)
blood
9.3 19.3 27.5 5.0 9.5 30.0
Dog PBS 600 (g7j2) (3-35) (4Bl) (2-7)  (3-16) (2-57)
venous
blood bovine 4.0 1.0 6.0 4.0 1.0
serum 10 w4 1) 66 @4 -1y NP
200 3.0 4.0 1.3 1.6 1.0 1.0
(1-4)  (1-8)  (1-2)  (1-3)  (1-1)  (1-1)
5.0 18.6 18.0 9.8 5.4 10.7
PBS LO0O 129y  (1-72)  (2-48) (2-25) (1-19) (1-23)
Jird Lso0 505 4.0 21.3 15.0 16.3 20.3
peri- ; (16-115) (2-8)  (1-61)  (3-30) (13-20) (3-57)
toneal
; 2.3 1.0 2.0 2.5 2.0
cavity 1,000 (1-4) (1-1) (1-3) (2-3) (1-3) ND
bovine 1.500 27.0 4.3 4.5 6.3 4.0 5.0
serum ’ (3-61) (3-7) (1-12) (1-16) (3-6) (1-11)
2,000 3.8 6.3 3.8 3.8 5.3 2.5
; 28) (2-12) (17) (18  (1-13) (1)
Mean no. of larvae per infected mosquito (range)
Source on days after feeding
of mf. —
7 8 9 10 11 12 13
oo 8 0.8
peri- 8.3 48 6. 9.6 10.
pheral (7-9)  (2-10) (4-12) (3-16) (5-20)  ND ND
blood
17.3 10.0 6.7 14.7 11.8
Dog 2-41)  (4-16) (2-12) (3-21) (421) ND ND
venous
blood 1.0 1.0 1.0 1.0
a1 -1 NPy oy NP ND
6.0 2.7 8.5 1.0 1.1 1.8 2.7
(3-9)  (155)  (2-15) (1-1)  (1-2)  (1-3)  (I-10)
1.9 8.2 8.7 9.2 10.8 5.8 1.8
(1-8)  (1-17) (1-21)  (1-25) (1-44) (I1-18)  (1-4)
, 8.3 15.0 6.4 6.3 10.6
{)ffi_ (1-24)  (345) (1-14) (3-15) (5-15)  ND ND
toneal
; 1.0 1.0 1.6
cavity ND (1-1) ND (1-1) (1-3) ND ND
3.0 2.6 1.5 3.7 4.6
1-7) @3 (12 @25 (10 ND ND
6.0 45 3.0 2.2 7.0
8 (1-7) (%) (14 (-6 D ND

* As phagostimulant 10-*M ATP was contained.
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As shown in Figure 4, stage I larvae were detected in the thoracic muscle of the
mosquitoes fed directly on the dog and dissected one to 5 days after feeding. Only
stage II larvae were found in the direct feeding mosquitoes dissected 6 to 9 days after
feeding. In the mosquitoes dissected on 10 days of infection, 72.9 per cent of larvae
were still in stage IT and localized in the thoracic muscle, while 8.9 per cent of larvae
had reached stage III and were detected in the head, and 18.8 per cent had also
reached stage IIT and were found in the abdomen. The mosquitoes dissected on
11 days harbored stage 11 larvae in the thoracic muscle (11.69%,), and stage III larvae
in the head (74.49,), in the thorax (4.7%) and in the abdomen (9.3%,). The larvae
in the mosquitoes received the microfilariae from the dog venous blood followed the
gradual development of those in the direct feeding mosquitoes without much delay.
Only stage I larvae were found in the thoracic muscle of the mosquitoes which took
up the microfilariae from the dog venous blood in PBS and were dissected one to
5 days after feeding. In this group of mosquitoes dissected on 6 days of infection,
3.3 per cent of larvae were still in stage I and 96.7 per cent had reached stage II in
the thoracic muscle. All larvae found in the mosquitoes dissected 7 to 9 days after
feeding were in stage II and localized in the thoracic muscle. On 10 days of infec-
tion 47.7 per cent of larvae were still in stage II localized in the thoracic muscle,
while 18.2 per cent had attained stage III in the head, 29.5 per cent had attained the
same stage in the thorax and 4.6 per cent in the abdomen. The mosquitoes dissected
on 11 days had stage III larvae in the head (699,), thorax (11.3%,) and abdomen
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Figure 4 Development of Brugia pahangi larvae in Aedes aegypti after
direct and artificial feeding.

G 1, direct feeding on an infected dog; G 2, microfilariae
from dog venous blood fed artificially with PBS; G 3, mi-
crofilariae from dog venous blood fed artificially with bovine
serum; G 4, microfilariae from jird peritoneal cavity fed
artificially with PBS (three experiments with different micro-
filarial densities combined); G 5, microfilariae from jird
peritoneal cavity fed artificially with bovine serum (three
experiments with different microfilarial densities combined);
I, stage I larvae; II, stage II larvae; III, stage III larvae.
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(2.7%), besides stage II larvae in the thoracic muscle (7%,). The number of infected
mosquitoes were small, only 11, in the group which were offered the microfilariae
from the dog venous blood in bovine serum and dissected one to 11 days after feeding.
In this group all larvae found at one to 5 days’ dissection were in stage I. Only stage
IT larvae were detected 7 to 10 days after feeding. All larvae reached stage III on
11 days.

In the group of mosquitoes received the microfilariae from the jird peritoneal
cavity in PBS at the density of 700, only stage I larvae were found on 5 days of in-
fection, and only stage II larvae were detected on 6 days. On the other hand, stage
IT larvae were found on 5 days at a rate of 3.7 per cent in the group offered the
microfilariae from the jird in PBS at the density of 1,000 and at a rate of 2.5 per cent
in the group offered at 1,500. On 6 days of infection, 10.3 per cent of larvae were
still in stage I in the group taken the microfilariae at 1,000 in PBS, and all larvae
reached stage II in the group taken at 1,500. Stage II larvae were found at a rate
of 12.5 per cent in the group received the microfilariae from the jird in bovine serum
at the density of 1,500 on 5 days, while only stage I larvae were detected in the group
received at 1,000 and that at 2,000. On 6 days 6.7 per cent were still in stage I in
the group received the microfilariae at 1,500, and all larvae reached stage II in that
at 2,000. Thus, some of the microfilariae from the jird peritoneal cavity reached
stage II one day earlier than the microfilariae from the dog. On the other hand,
stage I larvae were still found on 6 days in the groups taken the microfilariae from
the jird peritoneal cavity as in the group received the microfilariae from the dog
venous blood. The development of the microfilariae from the jird to stage IT seemed
to be not influenced by the density of microfilariae in the medium, nor by the nature
of the medium (i.e. PBS or bovine serum).

In the groups received the microfilariae from the jird in PBS at the density of
700 and 1,000, all larvae were still in stage IT on 10 days of infection, and stage 11
larvae were 25.0 per cent and 43.4 per cent respectively on 11 days. Stage II larvae
were still found on 12 days at a rate of 11.1 per cent and 20.0 per cent respectively.
In the former group 7.4 per cent of larvae remained at stage II even on 13 days of
infection. In the group taken the microfilariae from the jird in PBS at the density
of 1,500, stage II larvae were 96.0 per cent on 10 days and 17.6 per cent on 11 days.
In the mosquitoes received the microfilariae from the jird in bovine serum, the rate
of stage II larvae on 10 days was 33.3 per cent at the density of 1,000, 81.8 per cent at
1,500 and 72.2 per cent at 2,000, and that on 11 days was 28.6 per cent, 25.0 per cent
and 17.0 per cent respectively. Thus, the development of the microfilariae from the
Jjird peritoneal cavity into the final form in the mosquito seemed to be slower than
that of the microfilariae in the direct feeding on the dog and that of the microfilariae
from the dog venous blood (Figure 4). Also the rate of stage III larvae situated in
the head was 26.7 to 41.9 per cent on 11 days in the groups taken the microfilariae
from the jird, much lower than that in the groups fed on the microfilariae from the
dog.

On the dissection 10 to 11 days after feeding, 9 of 10 mosquitoes which fed
directly on the dog harbored the infective (i.e. stage III) larvae (Table 10). The
number of infective larvae per infected mosquito ranged from one to 17 with an
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Table 10 Numbers of stage III larvae in mosquitoes 10 to 11 days after feeding and
lengths of larvae

No. of mosquitoes Mean no. of R £
Source Feeding MI{. count stage III larvae langteho
of mf. medium* per dis- with stage per infected ( cng ),:*
0.03 m/! sected III larvae (%) (range) mean
Dog
: . 1,422-1,676
gle;:)%heral (direct) 495 10 9 (90.0) 5.7 (1-17) (1,464.3)
Dog PBS 600 10 9 (90.0) 9.9 (1-21) 1’(21915}%7
venous
blood bovine
serum 100 31 3(9.7) 1.0 (1-1) ND
700 76 18 (23.7) 2.2 (1-9)
1,451-1,789
PBS 1,000 75 43 (57.3) 5.8 (1-21) (1,584.2)
Jird 1,500 20 8 (40.0) 7.8 (1-11)
peritoneal
cavity 1,000 40 10 (25.0) 1.2 (1-2)
bovine 1,235-1,643
serum 1,500 20 8 (40.0) 3.3 (1-7) (1,440.0)
2,000 25 11 (44.0) 5.0 (1-13)

* As phagostimulant 10-3M ATP was contained.
*¥* Lengths in micron on 11 days.

average of 5.7. The length of infective larva on 11 days varied between 1,422 4 and
1,676 p with an average of 1,464.3 . In the group taken the microfilariae from the
dog venous blood in PBS at the density of 600, the percentage of mosquitoes har-
boring the infective larvae was 90 per cent, and the average number of infective
larvae was 9.9, somewhat higher than the direct feeding group. In the mosquitoes
taken the microfilariae at the density of 100, the infection rate was low and the
number of larvae was small. In the groups received the microfilariae from the
jird, the percentage of mosquitoes harboring the infective larvae was 23.7 to 57.3
per cent, lower than that in the mosquitoes fed directly on the dog and in those
offered the microfilariae from the dog in PBS. The average number of infective
larvae was also smaller in the groups received the microfilariae from the jird than in
the group taken the microfilariae from the dog at the density of 600. The lengths of
infective larvae in the groups received the microfilariae from the jird in bovine serum
were similar to those in the group fed on the microfilariae from the dog in PBS.
The length of infective larva in the mosquitoes offered the microfilariae from the
jird in PBS varied between 1,451 ; and 1,789 ;. with an average of 1,584.2 »

Discussion

A new apparatus for feeding mosquitoes is small and easy of handling without
a sophisticated self-contained heater and thermistor. Its construction is economical
and involves no special techniques, using a plain laboratory glassware, mouse skin
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etc. It can be used with any mosquito cage that has a top hole. The capacity for
feeding medium is approximately 10 m/. When the conservation of medium is
important, 2 m/ or less can be used. Thus, the usefulness of the new apparatus is
demonstrated in the present studies.

In the present studies ATP is the most effective phagostimulant of the nucleotides
dissolved in saline, PBS or bovine serum. Hosoi (1959) reported that AMP and
ADP were more effective than ATP to Culex pipiens pallens with a kind of forcible
feeding. The difference in the species of mosquitoes and/or feeding techniques may
have caused disagreement between the results. The fact that nucleotides in 10-3 M
concentration are generally more effective than those in 10-¢ M concentration is in
accord with observations by Rutledge et al. (1964) that 0.005 M was near the opti-
mum of ATP to Bangkok strain of Aedes aegypti. Thus, 10-3 M ATP is an adequate
phagostimulant for the artificial feeding of Liverpool strain of Aedes aegypti.

Some microfilariae from the dog venous blood become inactive within 30 min in
5 per cent glucose solution or saline both containing 10-3 M nucleotides at 37 C,
while inactive microfilariae are detected after 90 min in PBS containing 10-3 M
nucleotides and after 20 hours in bovine serum containing them (unpublished data).
So, PBS and bovine serum are suitable for the media for microfilarial feeding.

It is suggested that microfilariae are maldistributed in PBS, twining round
debris, by the findings that the infection rates in mosquitoes are lower for the artificial
feeding with PBS than for the direct feeding and that the individual count of micro-
filariae per mosquito varies widely in that with PBS, when the microfilarial densities
are similar in both groups. In the artificial feeding with bovine serum, the infection
rates are low as in that with PBS, although the microfilarial densities are higher than
in the direct feeding group. However, the average numbers of microfilariae per
infected mosquito are lower and the individual count per mosquito varies less widely
with bovine serum than with PBS. It seems likely that the maldistribution of micro-
filariae is less in bovine serum than in PBS, probably due to the viscosity of serum.

The exsheathing of microfilariae from both the dog venous blood and the jird
peritoneal cavity occurs higher in the artificial feeding with bovine serum than in
that with PBS. The exsheathing may be disturbed in the mosquitoes taken up a
number of microfilariae by the overcrowding in the stomach: it is more frequent
with PBS than with bovine serum as indicated by the individual count per mosquito.
It is also possible that the viscosity of serum facilitates the exsheathing in the
stomach. Aoki (1971 a, b) and Aoki et al. (1976) reported that microfilariae ex-
sheathed well on agar pads. The findings support the view that the exsheathing is
switched on by the change of milieu toward solidification.

The death rates of mosquitoes are lower in the groups taken the microfilariae
from the jird peritoneal cavity than in the groups received those from the dog venous
blood. It is of interest to speculate whether the developing larvae inflict damage on
mosquitoes (Rosen, 1955; Wharton, 1957; Townson, 1970; Hockmeyer et al., 1975;
Christensen, 1978), and whether some microfilariae from the jird are inadequate to
the development, which results in the low death rate of mosquitoes. It may be also
that most deaths occurring one to 3 days after feeding in the group taken high density
of microfilariae are brought by a number of microfilariae penetrating the stomach
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wall and developing in the thoracic muscle as stage I larvae.

On and after one day of infection, the rates of infected mosquitoes are low in the
group taken the microfilariae from the dog venous blood at the density of 100 per
0.03 m! in bovine serum: it seems likely that the low rates of infection are brought
by the low density of microfilariae offered. In the artificial feeding groups, especially
those with PBS, individual counts of larvae vary widely one to 3 days of infection.
It probably reflects the fact that the number of microfilariae taken varies greatly
among the mosquitoes in the same groups.

The microfilariae from the jird peritoneal cavity exsheathe in both PBS and
bovine serum at lower rates than those from the dog venous blood. The rate of
infected mosquito is low in the groups received the jird microfilariae: 10 to 13 days
after feeding, the rate in the group offered the jird microfilariae at the density of 1,000
is not significantly different from that in the group taken the dog microfilariae at
the density of 100. The average number of larvae per infected tends to be low in
the group taken the jird microfilariae. These findings suggest that the microfilariae
from the jird peritoneal cavity includes the ones inadequate to the development in
the mosquitoes, such as the newborn and the aged, at a higher rate than those from
the dog venous blood.

Some microfilariae from the jird peritoneal cavity ‘reach stage II one day
earlier than the microfilariac from the dog. However, the development of the
microfilariae from the jird to stage 111 is generally slower than that of the microfilariae
from the dog. It probably causes the low rate in the mosquitoes harboring the
stage 111 larvae and the low average number of stage III larvae per infected in the
group received the microfilariae from the jird and dissected 10 to 11 days after
feeding. It is clear from the present findings that the microfilariae develop to the
stage III larvae in the mosquitoes which have not taken blood, serum or protein
meals, and that the infective larvae sometimes become even longer with PBS.

Brugia pahangi inoculated, localized and producing microfilariae intraperito-
neally and the microfilariae thus produced and localized in the peritoneal cavity
seem to follow an aberrant mode of development. The present studies, however,
have revealed that the microfilariae from the jird peritoneal cavity can reach stage
III in Aedes aegypti, although at a lower rate than the microfilariae produced by the
lymphatic adults in a natural host.
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Abstract: Infectivity titrations were performed for each of the 4 prototypes of
dengue (DEN) viruses by focus counting on BHKZ21 cells (FFU), by plaque formation on
LLC-MK; cells (PFU), and by intracerebral inoculation into suckling mice (LDj,).
The FFU titers were almost similar as LDy, for all the 4 types of DEN and these titers
were also similar to PFU except type 2 DEN (DEN-2), which showed lower PFU than
FFU or LD;,. Neutralization (N) tests were performed for standard anti-DEN sera by
50 per cent focus reduction (FR;;) and by 50 per cent plaque reduction (PRj;) methods.
Both values were almost the same except anti-DEN-2, whcih showed higher PRj, than
FR;o. The principle of these methods were also applied to Japanese encephalitis and
chikungunya viruses. Hemagglutination-inhibition (HI) and FR;—N tests on several
human sera indicated that FRjy; is more specific and sensitive than HI to detect type-
specific antibodies.

INTRODUCTION

Infections due to dengue (DEN) viruses of 4 different serotypes are very im-
portant diseases in Southeast Asia, causing sometimes severe hemorrhagic fevers
accompanied by shock and death of infected children (Hammon et al., 1960; Halstead,
1966). Hemagglutination-inhibition (HI) test has most routinely been used in the
serodiagnosis and seroepidemiology of DEN infections (Nimmanitya et al., 1969;
Halstead et al., 1969; Fukunaga et al., 1974b), because of its simplicity and rapidity
(Hammon and Work, 1964). However, high cross-reactivity by HI test among mem-
bers of flavivirus, or group B arbovirus (Casals, 1957; Clarke and Casals, 1965;
Melnick, 1974) does not often tell anything but flavivirus infection in Southeast Asia,
where multiple flavivirus infections coexist. Although neutralization (N) test is
most specific among serological reactions (Hammon and Work, 1964), the test has
not been used in a large scale, because of the difficulty in the infectivity titration of
DEN viruses. The standard method by intracerebral inoculation into suckling mice
to record LDg, requires a long observation period and a large space for animal ex-
periment. Even the more recent application of cell culture techniques require
fairly long incubation before the final results are obtained, which are, therefore, not

1 Presented at the 19th Annual Meeting of Japanese Society of Tropical Medicine in Nara 1977
2 Department of Preventive Medicine, Research Institute for Microbial Diseases, Osaka University



192

always guaranteed. In this laboratory we have developed a rapid titration of DEN
virus infectivity by counting foci of infected BHK21! cells stained by indirect immuno-
fluorescent (FA) or peroxidase-anti-peroxidase (PAP) technique and applied the
method to assay N antibody (Igarashi and Mantani, 1974; Okuno et al., 1977, 1978).
In this report we describe the relative sensitivity of focus counting method in the
infectivity titration of DEN viruses compared with other standard methods, and also
the relative sensitivity of focus reduction N test, and discuss about its application to
human serum specimens.

MATERIALS AND METHODS

Viruses: Following DEN virus strains were used: type 1 (DEN-1) Hawaiian, type 2
(DEN-2) New Guinea B, type 3 (DEN-3) H-87, and type 4 (DEN-4) H-241. The
origins and passage histories of these viruses were already described as well as the
method to prepare infected suckling mouse brain (SMB) stock viruses (Igarashi,
1978). The Nakayama strain of Japanese encephalitis (JE) virus was grown in
adult mouse brains, and chikungunya (CHIK) virus, African strain, was plaque-
purified and seed virus was prepared in BHK21 cells (Igarashi and Fukai, 1969).
Cells: BHK2I cells were grown at 37 C with 10 per cent calf serum in Eagle’s
(1959) minimal essential medium (MEM). LLC-MK; cells were obtained from
Dr. S. Inoue, National Institute of Health, Tokyo, and were grown with 10 per cent
fetal calf serum in MEM. These cells were transferred every 4 days at cell density
of 105 cells/m/ and was incubated at 37 C in 5 per cent CO, atmosphere. Mono-
layers were ready after 3—4 days in dishes and after 2 days in 8-chamber slides (Miles,
Ill. USA).

Infectivity titrations: Focus counting method is-a rapid infectivity titration on BHK21
cells prepared in 8-chamber slides by counting the number of groups of cells contain-
ing virus antigen which was revealed either by FA or PAP method (Igarashi and
Mantani, 1974; Okuno et al., 1977, 1978). In the case of CHIK virus, tragacanth
gum (Wako Pure Chemicals Co. Osaka, Japan) was introduced to final 1 per cent in
the medium in order to prevent spreading of the secondary foci. Specimens were
harvested 16 hours for CHIK, 24 hours for JE, 40 hours for DEN-2, 48 hours for
DEN-4, and 72 hours for DEN-1 and DEN-3 viruses, respectively, after incubation
at 37 C. Titers were shown as focus forming units (FFU) per ml/. Plaque formation
on LLC-MK; cells was performed by the method of Russell ¢t al. (1967) and titers
were shown as plaque forming units (PFU) per ml. LDs;, titration in SMB was
performed by inoculation of serially 10-fold diluted specimens into the brains (0.01 m//
brain) and titers were expressed as LDjy/ml.

Human serum specimens and neutralization (N) test: Several individual human sera were
obtained from persons who either had been living in Southeast Asia or had some
chances to contact with DEN or CHIK viruses. All the sera were heat-inactivated
(56 C, 30 min) before the test. . Serially diluted test serum was mixed with the equal
volume of virus specimen diluted to 200 FFU/0.1 m/ for FRg, or 200 PFU/0.2 m/
for PRy, -test.. .After-incubation -at 28 C. for 2-hours; residual virus. infectivity -was
assayed: by .FFU- (0.1 m//well), or by PFU(0.2:m//dish) assay.- Focus or.plaque
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reduction percent was plotted on a probit chart against the logarithm of the serum
dilutions. The N titer of the test serum was shown either as 50 per cent focus reduc-
tion (FRg), or 50 per cent plaque reduction (PRjy), the reciprocal of the serum
dilution which will reduce the focus or plaque number to 50 per cent of the control
without antiserum (Russell e al., 1967; Okuno et al., 1978).
Hemagglutination-inhibition (HI) test: The method of Clarke and Casals (1958) was
followed with modification to microtiter system (Sever, 1962).

Antiserum: Anti-DEN sera were prepared in rabbits by 2 intramuscular inoculations
with one month interval of partially purified virus with complete Freund’s adjuvant
(Okuno et al., 1978).

REesuLTs

Standard prototype DEN viruses were assayed for their infectivity by FFU on
BHK21 cells, by PFU on LLC-MK, cells and by LDj;, in SMB, and the results are
summarized in Table 1. The FFU titers were almost the same as LDs, for all the
4 types of DEN viruses, and these titers were also similar to PFU for DEN-1, DEN-3
and DEN-4 viruses. However, DEN-2 showed significantly lower PFU than FFU
or LDg, titers. This difference was observed particularly with New Guinea B strain
but it was less when TR 1751 strain of DEN-2 virus was used.

N test of the standard anti-DEN rabbit sera were performed either by FRs
or PR, method against the homologous DEN viruses, and the results are shown in
Table 2. Both the FR;, and PRy, titers were almost the same for anti-DEN-1,
anti-DEN-3 and anti:DEN-4 sera, however, PR;, titer of anti-DEN-2 sérum was
significantly higher than its FRs. This may reflect the relative insensitivity "of
PFU assay on LLC-MK; for DEN-2 virus, but detailed mechanism is not known yet.

Table | Relative infectivity (log/m!) of Table 2 Neutralization titers of anti-
different dengue viruses dengue sera
Virus BHK?2! LLC-MK, SMB Antiserum FR;, on PR, on
FFU PFU LD;, BHK21 LLC-MK,

DEN-1 6.2 6.6 6.8 Anti-DEN-1 940 620
DEN-2 8.3 7.1 8.3 Anti-DEN-2 820 2500
DNE-3 5.7 5.8 6.7 Anti-DEN-3 1,100 1,380
DEN-4 6.3 6.2 6.4 Anti-DEN-4 190 320

Limitted numbers of human sera from persons possibly exposed to DEN or
CHIK virus were assayed for their antibody titers by HI test and the results are
shown in Table 3. All the sera from residents of Southeast Asian countries had HI
antibodies broadly reactive to all the 4 types of DEN as well as JE antigens:> One
Japanese who had previously been immunized with JE and yellow fever vaccine and
who had suffered from an apparent DEN infection (No. 18) also showed the broadly
reactive pattern. On the other hand, another Japanese who had received JE vaccine
and who experienced an apparent DEN symptom showed monospecific reaction to
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Table 3 HI titers of human sera

Serum Permanent Age Antigen
No. residence Sex  DEN-1 DEN-2 DEN-3 DEN-4 JE CHIK
1 Thai 40M 20 40 20 80 20 20
2 Thai 39M 40 40 40 80 40 —*
3 Korea 34M — — — — — —
4 Japan 41M — — — — — —
5 Japan 32F — — — — — —
9 Thai 28M 40 80 80 80 40 —
13 Thai 40F 160 160 80 80 40 —
17 Burma 32F 160 320 80 20 20 —
18 Japan 36M 80 20 20 40 20 —
19 Japan 28M 80 — — — — —
23 Philippines 29F 1,280 320 160 80 80 —
24 Japan 55M — — — — — —
25 Japan 54M — — — — — —
26 Indonesia 30F 40 20 20 20 20 —

* Jess than 20.

DEN-1 antigen (No. 19). No other Japanese or Korean had any positive HI anti-
body against DEN or JE antigen.

These same sera were assayed for their N antibody titers by FRg, test and the
results are shown in Table 4. Compared with the results in Table 3, two character-
istic aspects could be pointed out. (i) The N test is more specific than HI, for
example, serum No. 1 reacted broadly by HI, however the FR;, assay clearly indi-
cated speficity to DEN-2 virus. Also, serum No. 18, though reacting broadly by HI,
showed more specific reaction to DEN-1 virus by N test. (ii) The N test is, in
general, more sensitive than HI to detect the presence of type-specific antibodies.
There are 2 sera for DEN, 4 sera for JE and 6 sera for CHIK virus, which were
negative by HI but positive by N test. Because of the broad reactivity of HI test
and higher specificity of N test, several sera showed negative or lower N titer even
when HI test showed positive or higher titers (Serum No. 13 for JE; No. 18 for
DEN-2, 3 and 4; No. 23 for DEN-1). Serum No. 3 was obtained from a person
working on DEN-4 virus in the laboratory without any obvious symptoms, and sera
Nos. 4 and 5 were obtained from investigators dealing with CHIK virus. The data
on these sera indicate some chances of laboratory infection by these viruses and also
the importance of N test to detect such accidental infections because HI did not tell
positive results for these cases. Serum No. 25 was obtained from a person who had
been experimentally infected, more than 35 years ago, with dengue virus which was
isolated during the dengue epidemic in Osaka in 1942 and was passaged several times
in experimental animals (Taniguchi, 1943; Taniguchi et al., 1951). Since he did
not experience any overt DEN symptom afterward, the presence of anti-DEN-1 N
antibody in the serum No. 25 indicates that the epidemic in Osaka, 1942, was pre-
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Table 4 Neutralization titers (FR;,) of human sera

Previous history

Virus
Sgg'm Vaccine Overt Lab
ﬁ Dis* Exp** DEN-1 DEN-2 DEN-3 DEN-+4 JE CHIK
1 18 960 16 64 45 44
2 270 150 420 350 84 88
3 DEN-4 — Rk — 105 — —
4 + + CHIK — 33 — — 4,000 4,000
5 + CHIK — — — — 2,600 1,200
9 55 230 330 205 92 950
13 770 1,450 580 72 — 740
17 460 1,150 250 100 33 78
18 + + + 460 15 — 80 420 —
19 + + 5,400 — — — 280 —
23 + 76 820 230 125 1,200 —
24 + 16 10 12 94 21 16
25 + + 200 — 32 — 570 1,550
26 + 16 26 110 82 1,750 2,400

* Typical dengue fever.
*% Any experience with laboratory experiments using viruses indicated.
**% less than 10.

sumably due to type 1 DEN virus. Long-lasting presence of anti-DEN N antibodies
has been described (Halstead, 1974; Fujita, 1977).

Discussion

Considering the public health importance of dengue hemorrhagic fever in
Southeast Asia (Chow et al., 1966), it is necessary to establish a simple, rapid and
reproducible and also economical infectivity assay for all the 4 types of DEN viruses.
Since the introduction of cell culture systems, many people have developed various
assay systems for DEN viruses. The principle of these methods is either by plaque
assay (Schulze and Schlesinger, 1963; Miles and Austin, 1963; Georgiades et al.,
1965; Hotta et al., 1966; Westaway, 1966; Russell ez al., 1967; Bergold and Mazzali,
1968; Banerjee, 1969; Yunker and Cory, 1975) with its adaptation to micromethod
(Skuhavachana et al., 1969; DeMadrid and Porterfield, 1969; Fujita et al., 1975) or
to hemadsorption negative plaque (Makino and Mifune, 1975), or by interference
method (Halstead et al., 1964). We have developed the focus counting method for
the rapid titration of DEN viruses (Igarashi and Mantani, 1974; Okuno ef al., 1977,
1978). As shown in this paper, this method has almost the same sensitivity as the
standard SMB-LD;,, or PFU assay on LLC-MK; except DEN-2. The principle
of focus assay was originally used for rabies virus (Smith et al., 1973) and recently for
rapid detection of poliovirus (Katzenelson, 1976). The method was used for the
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cloning of DEN virus which did not form plaques (Lubinski et al., 1973). As already
discussed (Igarashi and Mantani, 1974), this method has several advantages to give
rapid results using comparatively small amounts of cells and medium and compara-
tively small space for incubation.

The application of focus counting method for the N test (FRg) also gave quite
satisfactory results with comparable sensitivity as PR, titer by plaque reduction
(Russell et al., 1967). Although microplaque methods were reported for dengue N
tests (Sukhavachana et al., 1969; Kanamitsu et al., 1973; DeMadrid and Porterfield,
1974; Fujita et al., 1975), which give fairly rapid results, the numbers of plaques
observed in a single microtiter well are rather limited in contrast to our focus counting
which could give a good dose-response up to 200 foci/well. The practical application
of the R5 assay has already been reported (Quina ez al., 1978) and now in this paper.
Compared with HI test, N test is more sensitive to detect type-specific antibodies as
has been described for JE virus (Kobayashi ef al., 1967; Minamitani et al., 1974;
Fukunaga et al., 1974a), and also is more type-specific than HI. Considering the
possibilities of multiple flavivirus infections prevalent in Southeast Asia, N test is very
important to detect type-specific antibodies in the serodiagnosis and seroepidemiology
of dengue infections in this area (Kanamitsu et al., 1973).
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Abstract: Twelve established cell lines including 7 mouse-derived cell lines and
primary chick embryo fibroblast cells were examined for their susceptibility to rabies
virus. The results indicated that, in addition to CER cells and BHK-21 cells, murine
neuroblastoma cells and human neuroblastoma cells (SYM cells) are highly permissive to
infection with both fixed and field rabies strains and suggested the usefulness of these
neuronal cell lines in various immunologic aspects of rabies studies in which histocompati-
bility requirements play a significant role.

INTRODUCTION

Rabies virus has been successfully propagated in many tissue culture systems
in the past (Kissling, 1958; Wiktor et al., 1964; Kondo, 1965; Diamond, 1967 ; Hum-
meler et al., 1967; Sedwick and Wiktor, 1967; Wiktor et al., 1969). These include
primary cell cultures such as hamster kidney cells and chick embryo fibroblast cells,
and human diploid cells which have been used mainly for the purpose of vaccine
production (Kissling, 1958; Wiktor et al., 1964; Kondo, 1965; Wiktor et al., 1969;
Grandien, 1977). Of established cell lines, BHK-21 cells and their sublines have
been used by several investigators for the production of high yields of virus (Sokol
et al., 1968, 1969; Schneider et al., 1971; Cox et al., 1977; Kawai and Matsumoto,
1977). CER cells, recently established by Dr. Motohashi, Japan, have also been
demonstrated to be highly permissive to rabies virus infection and to have a potential
for isolation of field strains of rabies virus (Smith et al., 1977, 1978).

One aspect of the search for susceptible cells in tissue culture systems is to de-
velop appropriate tissue culture cells for use in in vitro tests of ihmunological respon-
siveness to rabies in laboratory animals and in human. In these sorts of studies, it
has been demonstrated that a histocompatible system (H-2 in the mouse) is required
for the full expression of the interaction between immune lymphocytes and the
virus-infected target cells (Doherty and Zinkervagel, 1975). The present study was
initiated to examine the susceptibility of mouse-derived cell lines to rabies virus, with
the ultimate goal of studying the immunological responses to the virus in mice. In
addition, some commonly used cell types derived from other animals were simultane-
ously tested for permissiveness to the virus.

1 Department of Virology, Institute for Tropical Medicine, Nagasaki University. 2 Animal Quaran-
tine Service, Nagasaki Office. 3 The copy should be ordered to Medical College of Oita, P.O.
Box 37, Oita 870-91, Japan, after April 1980
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MATERIALS AND METHODS

Virus: Three strains of rabies virus were used. The HEP-Flury strain of rabies
virus was supplied by Dr. Kondo, National Institute of Health, Tokyo, Japan, and
used at passage levels of 106 to 111 in chick embryo fibroblast cells. HEP-Flury of
2nd to 3rd passage level in CER cells was used in some experiments. The mouse
brain-adapted CVS strain was used as a 10 per cent infected mouse brain suspension
at the 56th passage level. In some experiments, the CVS strain, plaque-cloned in
Vero cells (Buckley and Tignor, 1975) obtained from Yale Arbovirus Research
Unit (YARU), Yale University, was used after one additional passage in murine
neuroblastoma cells. The 1088 rabies strain, originally isolated from a woodchuck
by the Center for Disease Control, U.S.A., was obtained from YARU and used at
the 3rd passage level in suckling mouse brain.

Cells and culture media: Seven mouse-derived cell lines and 6 cell cultures derived from
other animals (5 continuous lines and primary chick embryo fibroblasts) were tested
for their susceptibility to rabies virus. Growth media for these cells were shown in
Table 1. After virus infection, the percentage of heat-inactivated fetal calf serum
was reduced to 2 or 5 per cent.

Table 1 Cell lines tested for susceptibility to rabies virus

Mouse-derived Other animal-derived
Cell Growth medium Cell Growth medium
L Eagle MEM +10% FCS*  Vero Eagle MEM+10%, FCS
L 1210 RPMI 1640 +209% FCS BSC-1 Eagle MEM + 109, FCS
L 5178Y RPMI 1640 +20% FCS BHK-21 Eagle MEM-Hanks salts
+10% FCS
Neuroblastoma Dulbecco’s modified CER Eagle MEM + 109, FCS
(N-18) Eagle MEM +10%, FCS
SR-CDF1-DBT® Eagle MEM+10% FCS SYMe® 1/2 Eagle MEM
(glioma) : (Human neuro- +1/2 RPMI 1640
blastoma) +20% FCS
Mastocytoma Eagle MEM+10%, FCS CEF? Eagle MEM-Hanks salts
(P-815) +109, FCS
Ehrlich ascites Eagle MEM 4109, FCS
tumor

a) Heat-inactivated fetal calf serum. All culture media contained antibiotics.

b) Established by Dr. T. Kumanishi (1967), Tokyo University, Japan.

c) Established by Dr. M. Sekiguchi (personal communication), Tokyo University, Japan.
d) Primary chick embryo fibroblast cells.

Parameters of susceptibility: Infection of the cells with virus was carried out in the
presence of 50 pg/ml of DEAE-dextran for 1 h at 37 C. Infected cultures were then
refed with maintenance media or overlay media and incubated at 37 C. At least
2 tests using the following parameters were performed to examine permissiveness.
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a) Fluorescent antibody staining. The cells capable of adhering to glass were cultured
in 4-chamber Lab-Tek chamber slides (Lab-Tek Products, Miles Laboratories,
Naperville, Ill.) and infected at a multiplicity of infection (MOI) of approximately
0.1 focus forming unit (FFU)/cell and incubated in a 59, CO, incubator. Other
cells not capable of adhering to glass were packed by low speed centrifugation and
infected at an MOI of 0.1 FFU/cell. The cells were then transferred to test tubes
at appropriate cell densities and incubated.

On days 1, 2, 3 and 4 after infection, these cells were examined for cytoplasmic
fluorescent antigens using anti-rabies virus FITC-labelled goat serum. The percent-
age of cells containing specific cytoplasmic fluorescent antigens was determined by
examining at least 300 cells. The amount of cytoplasmic fluorescent antigens in the
cells was estimated as large, intermediate and minute, respectively, depending on
the relative size and distribution of inclusions in the cells.

b) Cytopathic effect. Monolayers in culture flasks and suspension cultures in test
tubes, both infected with virus at a MOI of 0.1 FFU/cell, were observed for visible
cytopathic effect under an inverted microscope for 8 days.

c) Plaque formation. The ability of some cells to support plaque formation was also
tested in certain cell lines. The procedures were essentially the same as those de-
scribed by Yoshino et al. (1966) except that calf serum and agar in the overlay were
replaced by heat-inactivated fetal calf serum and 29, Sephadex G-200 (Schneider,
1973), respectively. Infected cultures were observed for plaques for 8 days.

d) Hemadsorption-negative (HAD-) plaque formation. This was done as described by
Makino and Mifune (1975) for dengue virus assay.

e) Persistent infection. To examine if the percentage of fluorescent antigen-positive
cells increased during subcultures, the cultures infected with virus at a MOI of
0.1 FFU/cell were refed with growth medium and subcultured 4 times at an inter-
val of 5 to 7 days with a split ratio of 1 to 4. At the time of subculture, the per-
centage of fluorescent antigen-positive cells in a culture was determined as described
before. The cultures which contained no cells with cytoplasmic fluorescent antigens
at the 2nd and the 4th subculture levels were considered to be ‘“‘cured”.

f) Virus yield. Monolayers of susceptible cells in culture flasks were infected with
virus at a MOI of 0.1 FFU/cell and incubated for 4 days. The cultures were frozen
and thawed 3 times and the supernatant was assayed for infectivity after low speed
centrifugation. Infectivity of the virus was assayed in CER cells by the fluorescent
focus formation method using 4-chamber Lab-Tek chamber slides as described by
Smith et al. (1977).

REesuLTs

Of seven mouse-derived cell lines tested, neuroblastoma cells were most sensitive
to all strains of rabies virus tested. By fluorescent antibody staining, almost all of
the N18 cells contained large, widely spread fluorescent antigens by day 4 after
infection even with a field rabies strain (1088), and persistent infection could be
readily established. In contrast, SR-CDFI-DBT cells and Ehrlich ascites tumor
cells were sensitive only to the tissue culture-passaged, attenuated HEP-Flury strain
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of rabies virus. Susceptibility of other cell lines derived from the mouse was found
to be very low (Table 2).

Table 2 Susceptibilify of mouse-derived cell lines to rabies virus as determined by fluo-
rescent antibody staining, CPE induction and ability to support virus growth
during subculture

Virus strain

i

Cell Cvs
1088 (mouse brain- HEP-Flury
passaged)
L FA® 020 (M) 0-2 (M) - 0-2 (M)

CPE® — - -
Persistent infection cure cure cure

L 1210 FA 20-30 (M) 20-30 (M) 15-35 (M)
CPE — — —
Persistent infection cure cure cure

L5178Y FA 10-20 (M) 10-20 (M) 10-20 (M)
CPE - — —

Neuroblastoma FA 95-100 (L)"s 95-100 (L) 95-100 (L)
(N-18) CPE — + +
Persistent infection yes yes yes

— - . . f)

SR-CDF1-DBT FA N.D.&! 0-2 (M) 80-90 (I)

(glioma) CPE - —

Mastocytoma FA 0-0.1 (M) 0-0.1 (M) 0-0.1 (M)
(P-815) CPE — — —

Ehrlich ascites. ' FA ND 0-2 (M) 80-95 (L)
tumor 'CPE " — -

a) Fluorescent antibody staining.

b) Per cent of fluorescent aﬂtigen containing cells on day 4 after infection in 3 experiments.
¢) Minute, pinpoint like antigen.

d) Cytopathic effect. _

e) Large, widely spread antigen masses in the cells.

f) Intermediate antigen. ‘

g) Not done.

Cell lines derived from other animals appeared, in general, to be more permissive
to rabies virus infection than were the mouse-derived cells, and it was difficult to
compare the susceptibility to rabies virus among these cell lines. CER and SYM
cells, however, had the capacity to replicate the 1088 strain to almost the same degree
as the fixed rabies strains as determined by fluorescent antibody staining, and the
infection of CER cells could be successfully maintained in serial subcultures (Table 3).
Vero and BSC-1 cells were sensitive only to fixed rabies strains (CVS and HEP-Flury
strains) by fluorescent antibody staining but produced lower yields of the virus as
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Table 3 Susceptibility of non-mouse-derived cell lines to rabies virus as determined by
fluorescent antibody staining, CPE induction, plaque and HAD~ plaque for-

mation and ability to support virus growth during subculture

Virus strain

Cell CVS
1088 (mouse brain- HEP-Flury
passaged)
Vero FA® 5-100 (M) 80-90 (I)¥® 80-90 (I)
CPE — + +
Plaque — + —_
Persistent infection cure yes yes
BSC-1 FA 5-10 (M) 50-75 (I) 50-75 (I)
CPE — — —
HAD" plaque — + +
BHK-21 FA 20-25 (I) 95-100 (L)® 95-100 (L)
CPE — 4 +
Persistent infection yes yes yes
CER FA 50-100 (I) 95-100 (L) 95-100 (L)
CPE - + -
Plaque - + -
HAD- plaque — -+ +
Persistent infection yes yes yes
SYM (Human FA 65-75 (I) - 95-100 (L) 95-100 (L)
neuroblastoma) CPE - + +
CEF? FA 30-50 (I) 95-100 (L)
CPE N.D.& — +
Plaque - +

a) Fluorescent antibody staining.
b) Per cent of fluorescent antigen containing cells on day 4 after infection in 3 experiments.
c) Minute, pinpoint like antigen.

d) Intermediate antigen.
) Large, widely spread antigen masses in the cells.

f) Primary chick embryo fibroblast cells.
g) Not done.

compared with those of CER and BHK-21 cells (Table 4). BSC-1 cells were shown
to be useful for the infectivity assay of fixed strains of rabies virus. Vero cells and
CER cells permitted plaque formation by the CVS strain of rabies virus.

Virus yields from a limited number of susceptible cell lines are shown in Table 4.
In general, tissue culture-passaged rabies virus grew to higher titers than did mouse
brain-passaged rabies virus. Among these cell lines, murine neuroblastoma cells
and CER cells supported replication of tissue culture-passaged CVS rabies to the
highest titers. - The highest yields of HEP-Flury virus were obtained in' CER cells
and CEF cells. SR e o " :
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Table 4 Rabies virus yields from susceptible cell lines®

Virus strain

Cell Cvs CVSs
(mouse brain-  (plaque-purified murine HEP-Flury
passaged) neuroblastoma-passaged)
Murine neuroblastoma (N-18) 5.3» 8.0 5.9
Vero 3.6 ‘ 6.4 5.8
BSC-1 3.2 N.D.® 5.0
BHK-21 5.0 7.0 6.3
SYM (Human neuroblastoma) 5.5 7.2 N.D.
CER 5.7 7.7 7.3
CEF® N.D. N.D. 7.3

a) Monolayers in culture flasks were infected with virus at an MOI of 0.1 FFU/cell and incu-
bated at 37 C for 4 days. The cultures were frozen and thawed 3 times and supernatant
fluid was assayed for infectivity after low speed centrifugation.

b) Logio FFU/ml.

c) Not done.

d) Primary chick embryo fibroblast cells.

Discussion

Murine neuroblastoma cells, which were derived from an A strain mouse and
which express some neuronal characteristics in culture, were demonstrated to have
the greatest susceptibility to rabies of the mouse-derived cell lines tested in this study.
Since these cells permit expressmn of antigen on the surface after infection with both
fixed and street rabies virus, they have been recently chosen as target cells by us
(Mifune and Tignor, in press) and others (Wiktor et al., 1977) in the in vitro studies
of immunological responses of rabies in mice. In addition, these cells have potential
for isolation of field rabies strains (Smith et al., 1978) and provide a system in which
to examine the interaction between field rables strains and neuronal cells.

The susceptibility of L cells and mastocytoma cells derived from CsH mouse and
DBA mouse, respectively, was shown to be very low. The high susceptibility of CER
cells to rabies virus including field strains was first described by Smith et al. (1977).
In this study, further and comparative observations were made with some other cell
lines regarding their susceptibility to the virus. The results showed that, in addition
to CER and BHK-21 cells, SYM cells derived from a human neuroblastoma are
highly susceptible to both fixed and field rabies strains and might be a useful cell line
for the immunological studies of human rabies which might require a histocompatible
system in the assays.
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THE EPIDEMIOLOGY OF MEASLES (RUBEOLA)
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There are important differences between the epidermiological features of measles
in developed countries (e.g. Japan) and those in developing countries. In Japan,
for example, measles is a disease of nursery school and kindergarten children (Figure
1). It follows a 2-4 year cycle and has a seasonal distribution (Figure 2). Its clini-
cal couse is mild and its fatality rate is very low (0.015%, in 1975). This picture is
very different from that of West Africa where measles is one of the most serious and
feared diseases of childhood. The attack rate is very high and the median age of the
disease is about 18-24 months (Figure 3). The disease occurs throughout the year
with peaks during the dry months of November to May (Figure 4). The disease is
often accompanied by one or more of the following complications: stomatitis, purulent
conjunctivitis, otitis media, diarrhoea and bronchopneumonia. Many children
die from measles and others are disabled through blindness or deafness. The general
fatality rate is about 2-5 per cent, but higher rates (209, or more) have been recorded
among hospital cases (Morley, 1969).
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Figure 1 Cases of Measles reported in the Figure 2 - Cases of Measles reported in
Wadayama district (rural Japan) Wadayama district (rural Japan)
1977. — Age/sex distribution. 1977. — Monthly distribution.
7 , .‘ :

The difference between measles in developed countries and that in developing
countries is due to a combination of many factors which include malnutrition, low
standard of living and cultural practices. In many of the developing countries,
malnutrition is very prevalent among preschool children, and measles is severe in
the malnourished. Besides, measles itself can precipitate malnutrition in border-
line cases. In West Africa, it is customary for mothers to carry their infants on their
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backs. This means that a child goes everywhere (markets, festivals and other
gatherings) with mother. This may start as early as the second week of life. Chil-
dren are thus exposed to measles and other droplet infections very early in life and
they are, therefore, liable to be attacked by measles as soon as maternal antibodies
disappear at about the age of six months. Furthermore, the adverse effects of the
disease are enhanced by traditional beliefs and practices. Sometimes food is with-
held or purgatives are given “to bring out the rash”, because it is believed that
measles rash on the body is less dangerous than rash on the intestinal lining. The
child may not be bathed for days, and instead, it is plastered with local mixtures
again in an attempt to bring out the rash. Other important factors in the patho-
genesis of measles in West Africa include the low standard of living and the lack of
adequate medical care, especially in rural areas. All the above combine to make
measles a very serious and important disease in many developing countries. From
1966 to 1972, a campaign against measles using vaccination was conducted in West
Africa as part of the worldwide smallpox eradication programme. West Africa was
declared free from smallpox in 1975, but no lasting impression was made on measles.
The prevention and control of measles are, therefore, among the urgent challenges
of tropical medicine today.
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