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Table 1 HA titer and protection against challenge of mice which were
vaccinated repeatedly with heat-killed RH-toxoplasmas

Weeks

Times after E?éeOf HA titer I‘?())Si(?f No. .of mice )
of vace. the Ist. oyam, <64 64 256 1024 4096 micer  Spryived/
5 2 72 8 14 30 15 5 69.4 14/25%*
4 131 6 13 43 49 20 85.5 8/30
6 124 3 6 27 42 46 92.7 8/28
8 51 3 4 3 9 32 86.3 1/29
10 40 0 1 6 21 12 97.5 0/11
10 12 29 0 1 10 9 9 96.6 0/16
14 52 0 2 9 19 22 96.2 1/13
19 38 0 0 1 9 28 100.0 —
24 36 0 8 9 10 9 77.8 " —
29 29 4 14 7 2 2 37.9 —
34 28 12 7 7 2 0 32.1 —
...................... Revaccination with 4X 106 killed RH-trophozoites: -« ««««+«+«seveaseennes
Periods after
revaccination
3days 27 4 4 10 4 5 70.4 —
1lwk. 26 0 0 0 1 25 100.0 —
2 23 0 0 0 1 22 100.0 —
3 23 0 0 0 3 20 100.0 —
5 21 0 0 1 4 16 100.0 —
7 19 0 0 1 3 15 100.0 —
9 16 0 1 1 7 7 93.7 —
14 12 3 3 5 1 0 50.0 —
19 10 1 3 2 4 0 60.0 —
24 10 6 2 2 0 0 20.0 —
29 10 4 4 2 0 0 20.0 —
...................... Revaccination with 5X 106 killed RH-trOphOZOitCS‘ S
3days 9 1 4 1 3 0 44 .4 —
1wk 9 1 0 0 1 7 88.9 —
2 8 0 0 0 2 6 100.0 —
3 5 0 0 0 1 1 100.0 —

* HA titer = 1: 256 was determined to be positive.

**  These 25 mice were challenged 26 days after the first vaccination.
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Table 2 Relationship between HA titer and resistance to the challenge in vaccinated mice

Number of mice

HA titer challenged/survived
3.5wks. 4 6 4 10 12 14 total (%)
<1l:64 5/0 2/1 6/2 11/0 0 0 0 24/3 (21.5)
1:64 4/1 5/2 2/1 9/0 0 0 2/0 22/4 (17.3)
1:256 11/8 11/2 11/2 5/1 0 6/0 4/1 48/14 (29.2)
1:1,024 4/4 11/2 7/2 1/0 7/0 5/0 5/0 40/8 (20.0)
1:4,096 1/1 1/1 2/1 3/0 4/0 5/0 2/0 18/3 (16.7)
Total  25/14 30/8 28/8 29/1 11/0 16/0 13/1 152/32 (21.1)

Mice challenged 3.5 weeks after the first vaccination were vaccinated 5 times previously, and the
other mice received vaccination 10 times before challenge.
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N 532D HA fEIZ DV Tid<1:64, 1:64, 1:256,
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ELTHEEFE LI~ 2 L OBREFR R L. HA A2
DT 2 TH12.5%D b DA RH 3,000 ¥ D18
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RERLIZICEE V.

THXORE  BORAEKY 7 F L EHIZ L B HAE
WER ORI % 515 7o DB 6,000~ 2 Tk ST
7 FrE 1IILOY X (No. 4) DIEERIC 3 ARIRRICT
LS L. MIENERE S 54K N7 B O HA iz 7 h
Zh<1:64 RU'1:64 %55, 10HZITIEL : 4,096 &
iR L, 258412131 : 16,3840 MEE R L7z (5 3 %).

Table 3 HA titer in the earlier stage of
vaccination in rabbit (No. 4) which was
injected repeatedly with heat-killed
RH-trophozoites

Periods after

the Ist. vacc. HA titer
4days <64 (2)
7 64 (3)
10 4,096 (4)
14 16,384 (5)
18 16,384 (5)

Figures in parenthesis indicate the
times of vaccination.

H#D HA [EOEEHZ OV T TR MO 1Ty 4 x
(No. 5) ZfEH L, Hift~v % & RRICGEBMREZ L7z
(5 45). FEhik 18,3605 ~44,720 F 2 % &1 v 7 F
v 2ml ZEENICER L. PIREH»S2 ~8HD
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Table 4 HA titer in rabbit(No. 5)vaccinated
repeatedly with heat-killed toxoplasmas,
and fluctuations of the titer after
the revaccinations

periodafierthe A tter
2wks 4,096 ( 5)
3 16,384 ( 7)
4 16,384 (10)
6 4,096 1
8 4,096 1
10 1,024 »n
12 1,024 ¢
14 256 1
19 64 n

- - -Revaccination with 200X 108 killed toxoplasmas- - -
Periods after

revaccination
3days 65,536
1wk. 65,536
2 65,536
3 65,536
4 16,384
6 16,384
8 -16,384
10 256
12 256
14 256
16 256
18 256
20 64
22 ' 64
24 <64
- - -Revaccination with 180X 108 killed toxoplasmas- - -
3days 16,384
1wk. 65,536
2 65,536
3 65,536
14 64
.. -Revaccination with 400X 108 killed toxoplasmas- - -
10days 65,536

Figures in parenthesis indicate the times of
vaccination.
i 1: 4,096~16,384 OFEVEEZRL, 10~128: 7% Y
1:1,024 ETFHEL, MBRVCIGEIIEIZETL, Th
Zh l: 256K 1:64L 727z, ZDLE2{EaDRE
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HEU 18,0005 2 DFHREY 7 F o E2FEFLCLE
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Jo. FIT1BE%, AFE U2 KT I5LTIH5IT 400
T anFEEY 7 F & 1 EERANICES L. EH3
A# O HAHIZ140C <1:64, 1JE1:64Th Y HERL
THEEERE L BB, 1ERCE3IAD 20T RIT
PEAEEE R L, EHE2 ~ 3B TRELSDO~< Y 2058
HEZR Lz, DB HABEREKRIET L19E THA K&
L, 4R U0 ETIEALTRE L. 20BHBROEFE~Y
ZATMED O TLITD LTS, T DR 2 B 0B sE &
LT700 FanLhEy 7 F o2 EBRNICERLE Z
5, 1 EOBMGEENE L R%kLHAED LA 253
iz,
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LD 8, 10, 12RVO4BEIC[F—~ ¥ 2 T& 1 JLITEED
bhicii} T, ERRESFPMIILT L 1,024 PLED
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1T AT 1:256 DL EDBEEHEE R L, Btk
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B fEE R LTz,

THEFDHES :No. 1, 2RUIDYHFIZENER
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Lic (B7%). #E4P%0 HAEILT<1:64 T
7THHIC LT 1:64 Lixo7. 10 BP4%i: LT HBEEL
1:256, 1:1,024, 1:4,096& 7z Y EEZEIEED bz,
HEATHAMEDO LA 23R, 14, 18HIC 3L L2
ML THBROERICENSOMBFRER LI
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Table 5 HA titer of mice after single vaccination with 18 X108 heat-killed toxoplasmas

Period No. of No. of mice showing HA titer of % of .
after mice o OI pOsL.
vaccination  exam. <64 64 256 1,024 4,096 mice
2wks. 62 53 9 0 0 0 0
4 58 51 7 0 0 0 0
6 23 18 5 0 0 0 0
8 22 21 1 0 0 0 0
10 19 13 6 0 0 0 0
12 19 15 4 0 0 0 0
14 18 16 2 0 0 0 0
15 17 15 2 0 0 0 0
.......................... Revaccination with 4X 108 killed toxoplasmas:««««««««+++eeensseeecns
3days 15 14 1 0 0 0 0
1wk. 15 5 0 4 2 4 66.7
2 15 0 2 0 7 6 86.7
3 15 1 0 3 4 7 93.3
5 15 2 2 2 7 2 73.3
7 15 4 2 4 4 1 60.0
9 14 3 2 6 2 1 64.2
14 14 2 8 4 0 0 28.6
19 14 6 7 1 0 0 7.1
24 12 12 0 0 0 0 0
29 9 9 0 0 0 0 0
......................... Revaccination with 7X10¢ killed toxoplasmas- cetecccscsces et acsenes
3days 9 9 0 0 0 0 0
1wk. 9 0 0 3 2 4 100.0
2 8 0 0 0 1 7 100.0
3 8 0 0 0 3 5 100.0
HA titer = 1: 256 was determined to be positive.
Table 6 HA titer of mice inoculated with the cysts of low virulent strains
Weeks Inoculated with
after No. of Beverley strain* No. of S-273 Strain**
inocul. | mice HA titer mice HA titer
exam. <64 64 256 1,024 4,096 exam. <64 64 256 1,024 4,096
2 26 0 0 0 17 9 22 0 1 3 8 10
4 26 0 0 0 4 22 21 0 0 1 8 12
6 26 0 0 0 2 24 21 0 0 0 10 11
8 25 0 0 1 0 24 18 0 0 1 8 9
10 25 0 0 1 0 24 17 0 2 4 3 8
12 24 0 0 1 0 23 17 0 2 3 5 7
14 | 23 0 0 1 0 22 17 1 2 2 6 6
19 23 0 0 0 1 22 13 0 1 2 4 6
24 22 0 0 0 3 19 9 0 0 0 5 4
29 20 0 0 0 8 12 6 0 1 2 2 1
34 13 0 0 0 2 11 4 0 0 1 2 1
39 11 0 0 0 3 8 3 1 0 0 0 2
44 9 0 0 0 0 9 2 0 0 2 0 0
49 5 0 0 0 0 5 1 0 0 0 0 1
54 1 0 0 0 0 1 — — — — — —
59 | 1 0 0 0 0 1 | — — —_ — — —

* Fourteen cysts were inoculated subcutaneously.
** Twelve cysts were inoculated intraperitoneally.
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Table 7 HA titer in the earlier stage of
infection in rabblits which were inoculated
with Beverley strain

Days after HA titer of rabbit

inoculation No. 1 No. 2 No. 3
4 <64 <64 <64
7 64 64 64
10 256 1,024 4,096
14 256 4,006 16,384
18 1,024 — —

oo 1 ED 7 ¥ X (No. 6)iC Beverley #3 2 1,300
2DEFEFEBEAICERLT, 28X V64HICEY HA
EOEEHZEWRELIZ(EIR). =V 2OHARER
FIRMEEE 1: 4,006 & L3S, & DA REICHTAK
FHLUTRE L. LTHRPEE20% D 1 : 4,09%6%
B T I7E OMRARREIE 1 : 16,384~1 : 262,144 DFE
HA &R L7z, 1:262, 14455k L7c L SN 4 ERD b
Nz, ZhOBEEMEEZTRLZES 3ml i LARKIC
THERCHR L~ v 2 ERANICER L T Tp ki 2 3A
72, 3fee w2 HERIC X o T h MR b RO IR H
ka0t RBEEE O T~y 2OHAEL LT
HTHODT, 4[B0OHAFRBEE T LRI E

Table 8 HA titer of a rabbit (no. 6)
inoculated with Beverley cysts

Weeks after

inoculation HA titer
2wks 16,384

3 16,384

4 65,536

6 16,384

8 16,384
10 65,536
12 65,536
14 65,536
19 ) 65,536
*24 262,144
29 4,096
34 65,536
39 65,536
*44 262,144
49 16,384
*54 262,144
59 65,536
*64 262,144

* Parasitemia in the rabbit was not found
by subinoculation of the blood into mice.

Average HA titer
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(=2]
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4096 T T e
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: : !
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s

aioscoad EP-{ |

546 6101214 19 24 29 34 39
Weeks after vaccination

Fig. 1 Comparison of average HA titer in
mice inoculated with heat-killed and
living toxoplasmcs.

FEXB P2 DEEXD.
4. HBRED 7 FUER~ U X LEBERER T R L
O HA fERFFENED Heigk

BIEERE» O HA fE<1:64% 0% L, 1:64,1 : 256,
1:1,024 U8 1:4,096 #2hzEh, 1, 2, 3KU4L
LT, FRERYICRIT 2 FHEE RO THAEDOES)
R Lz (Fig. 1). BHRY 7 F o OEHE3 Bl
fETL0[EST27c. BE> THIEES & Y 2 @B L7z=
ZIE5EERES FbDTH Y, 4BLUEZEDOLDIXA
TIOEIDEHZ 5 T T35, 2FTIE 1: 256 ITEVE
#RL, 4, 6 L HAEREIR ER L, D248, I
RS T 2 52058 % THE 1: 1,024 OfEE RS, 5B
2 H29ELIAIE L : 64 LIET L7z,

fi5 Beverley #k¥ 2 b DS 5 ¥ e 1% 2 H
#EEIZ 1:1,024 288 %, 4 % HAERIERE ©1:4,096
WCIEWEE R L, SAMEOBIEHIFSE% £ TR—EE R
i L7z (5563, Fig. 1). Beverley #fX Vi&dic
FHEOTH, HIHIAGEEE OV S-2738k v 2 % Be-
verley ¥k 2 FD BEAE L BBRIEERE LI~y 1L 2
% 1:1,024 Z# % Beverley ##Efi~ v 2 LB[RI—DfE
R LI MBS0 498 E T 1: 1,024 i OfER {7
L7 (6%, Fig. 1). Zh bDfEiX Beverley #k#E
20z L T1EREWETHS.

Beverley &N S-273 Bt~ v 2 O RYLAMA 283
B, HIFHEL <Y 2 ROBIEK TRAEF Y XX
ATHRICB T 32 b oHERAR bR, HFERLT
D=y R 2 NREEIALGZOTIh LT RIT
BRLTWIZZ L3EETH . ‘

5. UHXBTAERT 7 F BRI & Bk

B DO IIEF D y-7 w7V 2T
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Table 9 HA titer of rabbit sera before and after 2-ME treatment
(Earlier stage of vaccination)

Rabbit Vaccine 2-ME HA titer on days after the Ist vaccination
No. treatment 10days 14 18

. Before 256 256 256

4 Killed Tp. After *(4) <64 (5) <64 (5) <64

B 64 64 256

1 Before <64 <64 64

Living Tp. 64 256 —

2 (Bev. cyst) Ri{g;e <64 <64 —

1,024 1,024 —

3 Befer <64 <64 —

* Figures in parenthesis indicate the times of vaccinations.

Table 10 HA titer of rabbit sera before and after 2-ME treatment
(Later stage of vaccination)

Rabbit Vaccine 2-ME HA titer on weeks after the Ist vaccination
No. treat. 2wks. 3 4 6 8 10
. Before 64 256 256 256 256 64
5 Killed Tp After *(5) <64 (7) <64 (10) <64 (]0> 64 (10) 64 (10) 64
6 Living Tp Before 4,096 1,024 1,024 4,096 1,024 16,384
(Bev. cysts)  After <64 64 256 1,024 1,024 16,384
* Figures in parenthesis indicate the times of vaccinations.

#3, ARCERM LIy XX V81, miEHHEES6°C
3053 MR LIFBML L724%, 1fiE% PBS pH 7.2icT2.5
fRIZFR L7z, gz 2-Mercapto-ethanol (2-
ME)IZ TALEE L7z, 2-ME WLEER{#% 0 HA EZHRLT
19S B, HEROWREEBE L (BEIK). No. 4 D
UH X3 ARMRIC T4 ~5EDERY 7 F L DK
SFbDT, FEY 7 F L ENE10~18 HITKRLE
2-ME QUEERTOMEIX LT 1: 256 Thohs, AMEEIX
LT <1:64 L7527z, No. 1~3 D7 ¥ X% Beverley
VA NOERE IO TERBZIORVCMBIZKR L
b DXL R 2R Uiz b DA% LT HA A
<l:64% 7527z, 18H%# No. 1 T\ TiXALEERT 1 :
256% ;8 LALERMEL : 642 R Lz, K2 TZh b OREH
iz HA BGHEE 19S @8FT 2 bneEL bh 5.
DR THEBERY LEREY 7 F U ERHORICENTE
» bz,

FIZ AR ORI LicHi A, A BER U A5fE L o
I 19S HERICERDL D K502 T 270, 4
FKEERO UV X &V FrERIC M Uik SRS IES L
LTHEBIZ—20°C WHBICREL, #A—F LT 2-ME
WERTE O HAEZ B L7 (5510R). EmT 7 F LN
DmiF 3 B FMRI0E OB HEH O 4 38 F T 2-ME

REOTTRTHLRICBIE L2, HE6, 8, 108
DRETIHAEMBICEEROERZBD b\, ik
AREEBEY VX LY B ohk i EE% 28T 2-
ME MBI X > TH L RICRIENRD N, 3B ORE
THAEERT 1: 1024 AMLHEIC X ST 1:64 L2 C\
3. ARV 6 BEOKRE TIIUEFRICEEROEITID
by, 8 kU0 TIiHLER# L F—Ex R L.
o TRYL 2 BED HA ERMAIE 19S KERT 2 L0
ThsHH.

£ B

E R 250 Tp HEETOWTIE, Tp AMEZRVT
Z DRI I E DS TN ABE I 2L, ST
BES IREETdH 5 7cic Tp iE DBBNLEH i %5
HBIEKFEL T3, ZHITiX Sabin e al. (1948) DEHE
B (DT) & = D%, Jacobs et al. (1957) K18 Lewis
et al. (1964) DRBMEMBMELERE HAT) L2 0BER
U ARIS (CFT) 35 5553, DT RO HAT
MBELELTERHtEh TS, DT KXo TELNT
AR & HAT ORGEIZBM, Bitic>» T aEmIcl
—E3 % Z & A Jacos et al.(1957), Lewis et al.(1964)
RUHMOFFEE I L >TREN TS, DT 2=+
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Szt Tp MERISEEDHBEALHE LN DT ¥
YV — e Ty 7 F—DRETHI, THDOAFEN
RETHY, MbEEOIMPMELBIZENLEE L
25, THERECHETHS. KOTHRER T HAT i
L oTEREH O HA fHEEB L.

Saram etal. (1962) 1Z DT, HAT, CFT K O\ #4641
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PERSISTENCE OF POSITIVE HEMAGGULUTINATION TITER IN ANIMALS
VACCINATED WITH KILLED TOXOPLASMAS AND THEIR RESISTANCE
TO CHALLENGE WITH VIRULENT STRAIN

IcHIRO NAKAYAMA
(Department of Parasitology School of Medicine Keio University, Tokyo)

For a critical evaluation of positive titer of hemaggulutination (HA) test of toxoplasmosis,
the following experiment was carried out using mice and rabbits. The mice inoculated with the
low virulent strains were examined for the persistence of positive HA test. These mice maintain-
ed high titer level during the periods from 2 weeks to more than one year after the infection,
having viable organisms in their brains. When mice were injected with heat-killed Toxoplasma
vaccine 10 times with intervals of 3 days, they usually became positive for HA test, attaining
almost as high as in cases of the infection with low virulent strains. The positive titers obtain-
ed by the vaccination usually lasted for the period from 2 to 24 weeks after the first injection of
vaccine and gradually dropped thereafter to attain almost negative during the period from 24 to
34 weeks after the first vaccination. When these nearly negative mice received a booster vac-
cination, the titer rose suddenly to attain a very high level, almost as high as in cases of the
low virulent strain infections. In cases of rabbits, almost the same results were obtained. On
the other hand, one injection of the vaccine into mice did not give a positive titer. But, when
these negative mice were revaccinated 19 weeks later, they also showed very high titer.

Mice which received repeated vaccination and showed positive titers were challenged with
highly virulent strains 2 to 6 weeks after the first vaccination. Approximately 1/3 to 1/2 mice
could survive the challenge. By the challenge performed 8 to 14 weeks after the first vaccina-
tion, however, only 2 out of 69 mice could survive the challenge, although all these mice had
still high titers. When these mice survived were sacrificed later, however, viable toxoplasmas
used for chrllenge were detected from their brains, as evidenced by subinoculation into clean
mice. Antibody produced in these cases, therefore, was able to suppress the multiplication, but
was unable to eradicate the parasite.

By 2-Mercapto-ethanol treatment, 19S antitoxoplasmic antibodies in rabbit sera were mainly
observed in the earier stage after inoculation with Beverley cysts or repeated vaccination with
killed toxoplasmas. In the latter, positive HA titer produced mainly by 19S was recognized
during the period of vaccinations and in the former during 3 weeks after the inoculation. There-
fore, there was no essential difference between rabbits vaccinated by the killed organisms and

those with the living organisms so far as the HA antibody production is concerned.
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