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Reports of the cultivation of toxoplasma in the develop-
ing chick embryo have appeared in the llterature but these
accounts are brief and give little experimental data. Leva-
diti, et al, (1) and Wolfe, Cowen, and Paige (2) stated that
inoculated fertile eggs hatched but that the chicks died
within several days and their tlssues were parasltlzed.
Weinman (3) found that numercus small white nodules develbped
on the chorio-allantoic membrane after chorlo-allantolc or
yolk sac inoculation. In the above investigatlons recently
l1solated strains of toxoplasma were used for egg inoculation;
déaths appeared to have been infrequent for they were not
mentioned specifically. Inoculation of eight- and ten-day

0old duck embryos with avian strains of toxoplasma was re-

ported by Wolfson (4).

Successful cultivation of toxoplasma in tissue cultures

has been reported by several investigators (5), (6), (7).

In addition to the cultivation of viruses, rlckettsiae,
and bacteria, many protozoa have been successfully grown
in developing hen's eggs. Burnet and Beveridge (8) have
published a monograph giving the various procedures and

uses to which the embryonated egg has been applied.

The data to be presented demonstrate that a strain of
human origin, well adapted to mice, not only readily infected

eggs but also produced such uniform embryo deaths as to make
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the embryonated egg a satisfactory titration medium. Another
strain of human origin whlch gave irregular results in mlce
also produced embryb deaths regularly and behaved in a manner

similar to that of the straln well adapted to mice.

The serum neutralization test as deséribed by Sabin
and Ruchman (9), (10) is the procedure generally employed
for detection of antibodies to toxoplasma. In this test
equal guantities of undiluted serum are mixed with various
dilutions of virulent toxoplasma and the mixtures injected
intracutaneously in the rabbit's backe. Results are not
obtained untlil after approximately seven days. Nlcolau
and Ravelo (11) had reported positive complement flxatlion re-
actions with the sera and extracts of various tissues of ex-
perimentally infected animals. A methyl alcohol'extnact of
desiccated spleen was thelr antligen of cholce. Warren and
Sabin (12) also investigated the complement fixation reaction
in toxoplasma infection. They were unable to repeat'the re-
sults of Nicolaw and Ravelo wlth a rabblt spleen extract,
but did obtain specific complement fixation of immune monkey
sera with frozen and thawed saline extracts of infected
rabbit brain. In order to detect specific fixation it was
necesgsary for them to test the sera slmultaneously agalilnst

an extract of normal rabbit brain and the extract of iInfected

rabbit braine.

Attempts by the author to repeat both the work of Nicolau
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and Ravelo and of Warren and Sabin falled; therefore with

the adaptation of toxoplasma to growth in the tissues of ihe

. embryonated egg, a new gource of antigenic materlial became
avallable. This communication wlill descrlbe the use of such
antigens in the complement fixation reaction. Complement
flxation tests have been performed with sera of rhesus monkeys,

rats, pigeons, rabblts, chicks, gulnea plgs, and human beings.

MATERIALS and METHODS

Strainsg of toxoplasma: The'R.H. strain of toxoplasma, ig-

olated by Sabin (13) from a fatal human case of encephalitis,.
was used in most of these studles. It was maintained in this
laboratory by continuous intracerebral passages in mice, and
the 304th to 395th passage material was used for initlating

the cultures in embryonated eggs. This R.H. strain was well
adapted to mice, and lntracerebral or intraperitoneal inocu-
lation always resulted in death. On several occasions the

CeG, strain of toxoplésma, isolated by Johansmann and Ruchman
(14) from an infant who died of toxoplasmosis, was used for
the initiatlion of embryonic egg passages and for the production
of immﬁne serae. This CeGe strain was aleo maintained by intra-
cerebral mouse passage in our laboratory, and material from the
9th to 14th mouse passages was used; however this strain when

injected into mice only produced an occasional deathe. Brains
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from sacrificed mice showed numerous toxoplasma, and surviving

mice were immune to subsequent challenge with the R.H. straine.

Mice: Albino mice, bred in our own laboratory and welghing
approximately 15 to 22 grams,. were injected intracerebrally
with 0.03 ml of the test suspension unless otherwlse épecified.
Intracerebrai injection of 10 per cent infected mouse brain
suspensions of the R.H. strain resulted in deaths between the

3rd and 6th days and gave LD 50 titers between 1040 ang 1072+0,

Chick embryos: Fertile hen's eggs from pullorum-tested flocks

were used, and incubation was at 37 C both before and after

inoculation with but one exception. Two methods of inoculation

were utilized, as follows:

Yolk sac method: After washing the alr-sac end of the
egg first with 70 per cent alcohol and then with tincture of
jodine, a hole was drilled and the inoculation was performed

through this hole by a syringe equipped with a 22-gauge needle.

Chorio=-allantolc membrane method: By means of an alundum
disc on a powsr drill a trliangular plece of egg shell was
cut from the side of the egg without damaging the egg shell
membrane. After this trilangle hadibeen removed with sterile
forceps, a drop of sterile saline was applied to the exposed
ezg shell membrane and a 8lit made in the shell membrane with
a needle. By applylng slight suction from a rubber bulb to a

hole drilled in the alr sac end of the egg, an artificial air
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gac was created at the gite of the triangular opening. The
inoculum was then dropped on the exposed chorio-allantolc
membrane. The hole was sealed with "scotch tape” and the

egg incubated on its side.

Eggs were candled once or twice daily. All embryos that
died within the first three daye were found to have died from
non-gpeclfic causes such as trauma and bacterial contaminants,,
and were therefore discarded. Membranes and tlssues were
harvested as soon asg possible after death or were kept at
4 ¢ until required. Presence or absence of toxoplasma was

determined by smears stalned with Wright's stailn or by mouse

inoculation.

Preparation of inoculum: Inocula were saline suspensions

of infected tissues ﬁrepared by (1) grinding in a mortar,.

(2) blending in a Waring blendor, or (3) shaking the tissues
with glass beads in a 250 ml centrifuge bottle. The latter

method was utilized most frequently.

Calculation of Titers: LD 50 titers in mice and chick embryos

were calculated according to the method of Reed and Muench (15).

EXPERIMENTAL

Injection of toxoplasma-infected mouse braln suspensions
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into the yolk sac of embryonated eggs on at least nine
different occasions led to multiplication of the parasites
with resulting death of the embryo in 4 to 10 days after
inoculation. Examination of dead embryos revealed the
presence of numerous yellow-white plagues, 0.5 to 3 mm in
diameter, on the chorio-allantoic‘and amniotic membranes
(Fig. 1). The areas surrounding the lesions were thlckened
and histologically represented regions of dense cellular
infiltration containing numerous toxoplasma (Fig. 2). Higher
magnification (1200x) of an area of cellular inflltration
revealed toxoplasma in both crescentlic and rounded forms (Fig. 3).
Smears of ﬁhe_chorio-allantoic membrane and yolk sac, stained
with Wright's stain, revealed numerous toxoplasma both free
and intracellular. Cross (16) has suggested the designation
"terminal colony" for these aggregates of inmtracellular

toxoplasma which are generally termed "pseudocysts'.

Table 1 illustrates the relative ease with which embryos
are infected upon inltial egg passage using the R.H. strain
of toxoplasma. All embryos inoculated with 320 or more LD 50
mouse doses, two of three eggs injected with 32 LD 50 doses,
and one of three injected with 3 LD 50 doses died. Similar
results were obtalned in two additional experiments. Six
other attempts were made to institute egg passages. The

inoculation of 0.5 ml of a 10 per cent mouse braln suspension
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Fis. 1.

Toxoplasma in the developing chick embryo
Eggs 18 days old

Left. Infected chorio-allantolc membrane
Right. Normal chorio-allantolc membrane
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Fig. 2.

Toxoplasma in the developing chlick embryo
Eggs 18 days old. H. and E. x160

Upper. Normal chorio-allantoic membrane
Lower. Infected chorio-allantolc membrane
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Fig. 3.

Toxoplasma in the developing chick embryo
Eggs 18 days old. H. and E. x1200

Chorio-~allantoic Membrane

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



‘uolssiwiad Jnoyum paugiyoud uononpoidal Jeyung -Jaumo JybuAdoo ayp Jo uoissiwiad ypm paonpoiday

Table 1

Initial Chick Embryo Inoculations
witn Mouse Brain Suspension

10-day embryos inoculated with 0.5 ml via yolk sac

Dilution Mouse LDSO Doses#* Days
of of
Mouse Brain Per Embryo Specific Deaths
10-1 32000 : 6,7
10-% 3200 6,757
10-3 320 7,8,8
10~4 32 9,9, H%%
10-5 3 9,H,H
106 0.3 4,8

% These LDy titers were determined by intraperitoneal
injection of 0.5 ml into mice.

¥ H = egg hatched.
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rer egg was sufficlent to cause the death of all embryos by
the 8th day after inoculation. Only embryos linoculated with
dilutions of 10'4, 1073, 10~6 hatched, and none of the
chicks which hatched were shown to contain toxoplasma by
Wright's smear and mouse inoculation; however the tissues

from all chilcks were not sub-inoculated into mice.

Using the R.H. strain of toxoplasma, four series of
egg passages were studled in order to seek any evidence of
adaptation or change. One series was carried through twenty-
seven consecutlive passsages in ten-}and eleven-day fertile eggs
(Table 2a). A second series was cafried through 11 serial |
passages in ten-day chick embryos (Table 2b). A third series
&ablé 2c, egg passages 1 S.B. to 5 S.B.) was made in nine-
and ten-day incubated eggs, and three serlial egg passages
were made in which six- and seven-day incubated eggs were

utilized (Table 2c, egg passages 1 S.C. to 3 S.C..)e

No evidence was obtained that continuous or multiple
egg passages altered the length of time between inoculation
and death of the embryo. Regardless of the number of egg
passages the embryos generally died between the 4th and 8th
days after inoculation of 10 per cent mouse brain suspension
or suspension of a pool of yolk sac and chorio-allantcic
membrane. Most of the deaths occurred on the 5th and 6th

days. As is shown in Table 1, inoculation of higher dilutions
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‘Toxoplasma Passages in Eggs Inoculated

Table 22

via the Yolk Sac

LDEQ Titers

-

Mice
Egg Age Tissue Day
of Suspension of
Passage | Eggs Employed At Death
Yolk Pool of
Sac C.A. | Y¥.S5.-C.A.
days h ml |
13 11 | 10% Mouse Brain 0.25 |5,5,6,6,6,6,7,7,7,7 10-3.5 | 10-4+0
# 11 5% Y¥.S.-C.A. 0.5 |6,6,6,6,6 107445
7 10 | 104 " n 5,6,6,6 1072+2
10 10 " n 0 by 55656,656,6,6,6 10-2-0
12 10 | " M1 hyhs5,5,555,5,5 1074¢2
15%% 10 t " " 6,6,6,10 10-4+0
20 10 n " " 5,5,5,5,6,6,6,6 10-2.0
27 10 " " " 6,6,6,6,6 107342 | 1045

% Inocula for these groups were ground with mortar and pestle. All other inocula were

mzcerated by shaking with glass beads.

#% Inoculated with membranes which had been stored 5 days at 4 C.
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Toxoplasma Passages in Eggs Inoculated

Table 2b

via the Yolk Sac

LDy Titers
in Mice
Egg |Age Tissue Day
of Suspension of
Passage|Eggs Employed Am't Death
' Pooled
Yolk Whole Embryonic
Sac C.A. Embryos Fluids
days ml
R-48 10 {10% Y.S. 0.5 |55555,6,6,6,6
3-48 | 10 |20% Y.S.-C.A. | 0.25 |5 (19 embryos) 10~4+7
4=48% | 10 |20% Y.S. 0.5 |6,6,7,7,8
5-48 10 {20% ¥.S.-C.A. | 0.5 |4 ( 4 embryos
5 3 ]
6 (18 n
7 2 "
6"48 lo 50% Y.S.-CQA. 0005 5,5,5,5,6’6,6’6,6,6,6,6
7-48 | 11 |20% ¥.S. 0ud | 4y556,656,6,7 1045/ 10-5.0 {»10-4:0 | 10740
8-48 10 {104 v 0.5 16,6,6,6,6,6,6,6,6,6,7,7
9"48 10 lo% Y.S.-C.AQ 005 5,6,6,6,6,6,6,7,7,7
10-48 10 |20% n 0.5 |5,5,5
11-48%¢| 11 | n " 0.5 [6,6,7,8,8,8 10-5+0{ 10~4+5 | 10~4+5 | 10-2.5
* TInoculated with membranes which had been stored 7 days at 4 C.
3% 1 n n 1

woom " overnight "

" L d



Table 2¢

Toxoplasma Passages in Eggs Inoculated
via the Yolk Sac

‘uolssiwiad 1noyum paugiyosd uononpoidal Jayun 1aumo ybuAdoo ayj Jo uoissiwiad yum paonpoiday

~ LD, . Titers
Bgg Age Tissue 8 Mice
of Suspension of Pool
Passage | Eggs Employed Am?tt Day of Death : of Y.S.~C.A.
days ml
1 SB 9 10% Mouse Brain | 0.5 5,7,7 10~4+0
2 SB 9 10% ¥.S.-C.A. " 6,6,6,6 10~4+0
3 SB 10 " n " 6,6 10~4+2
4 SB 10 n " _ n by555,5 10-2-0
5 SB 10 n n " 55556,6
1 SCx 7 10% Mouse Brain 0.25 Ly556,8
2 scx 6 10% Y.S.~C.A. " by,
3 SC#* 7 20% n " 4y5,5,6

* Inocula for these groups ground vith mortar and pestle.

A1l other inocula macerated by shaking with glass beads.
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lengthened the survival period, and deaths occurred on the
ninth day for eggs inoculated with 10-%4 and 105 dilutions.
The days of death after inoculation of six- and seven-day

chick embryos appear to be spread over a slightly longer

period.

Titrations in mice were performed utilizing yolk sac
(v.8.), chorio-allantoic membrane (C.A.) or a pool of the
yolk sac and chorio-allantoic membrane (Y.S.-C.A.). These
titrations were made by intracerebral injections of 0.03 ml
df 10-fold dilutions, each dilution being injected into 2 or
more mice. No obvious change in titer was obtained after 27
egg passages; the yolk sac tltering 10=3+5 at the 1lst and
27th passages, and the C.A. tlitering 10440 at the 1st passage
and 10~%4+5 at the 27th passage. The titers of the combined
Y.S5.-C.A. In between the 1lst and 27th passages ranged from
10~4+0 to 10-5+5 with this one instance of a 10~5+5 titer
being one of the only two titers over 10-5.0 encountered
during these experiments. All tlters of the series in nine-
and ten-day eggs were in the range of 10~4%.0 to0 10-5-0,

These were approximately the same titers usually attalned

in mice.

On two occasions the C.G. strain was used to initilate
egg passages, and on both occasions the embryos were dead

on the Tth, 8th, and 9th days after yolk sac inoculation of

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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ten-day embryos with 10 per cent mouse brain (Table 24).

Four mice inoculated intracerebrally with the same 10"1 mouse
brailn suspension used to initiate egg passage i (C.G. strain
from 9th mouse passage) survived. Of five mice inoculated
with the same 10 per cent mouse brain suspension used to
initiate egg passage 1B (C.G. strain from l4th mouse passage)
two mice were sick and sacrificed on the 5th day, one died

on the 9th day, and two survived. This strain required one
or two days longer to kill chick embryos than did the R.H.
étrain, and thls characterisﬁic of the C.G. strain persisted
for slx serlal passages during which the bulk ofbembryo deaths
occurred on the 6th and 7th days (Table 2d). Otherwise the
CeGe. strain behaved in chick embryos as did the R.H. strain.

As previously mentioned, Wright's stained smears revealed
that the largest number of parasites were located in the
yolk sac and C.A. membrane, with occasional organisms present
in the flulds, lungs, brain, and viscera of the embryo. In
order to verify this dlstribution simultaneous titrations
of various egg tissues from the same eggs were performed in
mice and the LD 50 titers are recorded in table 3. The
chorio~-allantolc membranes contained the greatest number of
parasites, but gave only slightly higher titers than the yolk
sace. LD 50 titers for first egg passage tlssues were 10"‘"*'O
for the C.A. and 10~5°5 for the yolk sac. Twenty-seventh
egg passage materials had titers of 10-%4.5, 10-3+5, 10-3.0

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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Iable 2d

Toxoplasma Passages in Eggs Inoculated

via the Yolk Sac with C.G. Strain

Fgg Age Tissue
of Suspension
Passage Eggs Employed Amtg Day of Death
days ml
L 10 101 Mouse Brain | 0.5 7575859
107° v " 8,9,959,9
10-3 w " n 859,9,9,9,10
10=4 ® " L 9,9,L,L,L,L%k
2 10 20% Y.5.-C.A. " 5,6,7,7,7
3 10 n n n 6,5656,7,7,7
4 11 n n " 6,6,7
5 10 10% R " 6,7,7,7
6 10 n " t Ly6 56,6
1B 10 10% Mouse Brain " 7,8,8,8,9,9,9,9

),

survived.

(C.G. passage 9.)

*  TFour mice inoculated with same 10~1 mouse brain suspension

¥ Four embryos living at end of tenth day were ready to hatch.

¥¥% Of five mice inoculated with same 10% mouse brain, two were

sacrificed on the fifth day, one died on the ninth day, and
two survived.

(C.G. passage 14.)



Table 3

Distribution of Toxoplasma in Eggs Inoculated
via the Yolk Sac with R.H. Strain
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Inoculation LD Titer in Mice
] 50
Egg Number
of —
Passage Eggs
Pooled
Yolk Embryonic Embryonic
Tissue Am't Sac C.A. Tissues Fluids
ml
1% 10% Mouse Brain | 0.25 4 1073+ | 10-4-0
27% 0% ¥.5.~C.A. 0.5 2 10-3+5 | 104-5 | <10-2-0 10-3-0
7-48%% bod v.s. n 3 10742 | 1075:0 } 310-4-5%% | 109=4.0
11-48%% R0% Y¥.S5.~C.A. " 2 10750 | 1074+ 107420 | 15-2.5

#  Tissues macerated by grinding in mortars.
: " 1 blending
##¥% Whole embryos macerated.

W

i

" Waring blendor.
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and less than 10~2¢0 for the C.A. membranes, yolk sacs,

pooled embryonic fluids, and tissues (brain, lungs, heart,
liver, and kldneys) of the embryos, respectively. 1In these
two comparatlve tltrations the tissues were macerated by
grinding in a mortar. Two later titrations, with the tlssues
of egg passages 7 and 11 of the 1948 series, were performed in
mice using tlssues macerated by blending in Waring blendors.
This was done by placing the tissues and saline diluent in the
blendor and blending for two minutes. In these two instances
the whole embryos were titrated instead of only the viscera,
as was done for egg passages 1 and 27. The titers thus
obtalned were slightly higher, and the LD 50 titerg for the
whole embryos, > 10~%4+5 and 10-%.5, were similar to those
obtained with the C.A. membranes and the yolk sacs. The
pooled embryonic fluids in all cases gave the lowest LD 50
titers, namely 10~3+0, 10~4¢0, and 10-2¢5, These lower values

of the flulds are in accord with the intraceliuiar nature

of toxoplasma.

After slx serlal passages through chick -embryos,
titrations in mlice were made in order to deterhine the dis-
tribution of parasites in the various tissues (Table 4) of
dead embryos after injection with the C.G. straliln of
toxoplasma. MNMaterial from three embryos dead six days arter

injection were blended in the manner previously descrilbed.
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Table 4

—

Distribution of Toxoplasma in Eggs Inoculated
via the Yolk Sac with C.G. Strain

3 eggs from egg passage 6

LD5O Titer Titer Corrected#*

for
Tissue in Mice Immune Survivors
Yolk Sac 10-3-0 10=3+5
Chorio-allantoic
NMembrane 10-3+5 10=2+9
Whole Embryos 10-R4 1074+

Pooled Embryonic
Fluids - 10730 10-3+0

* This titer was obtained by intracerebral challenge
of mice surviving LD5Q titration with 0.03 ml of
10% C.G. strain infeéted mouse brain.
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Deaths occurred in the titration mice between the tenth and
18th days. The LD 50 titers were: yolk sac, 10”3+9; chorio-
allantolic membrane, 10"3'5; whole embryos, 10-2+4; ang the~”
pooled embryonic fluids, 10-3+0, Some mice other than those
that died appeared sick but survived; thereforé-twenty—seven
days after the original inoculation these mice were challenged
intracerebrally with 0.03 ml of 10 per cent mouse brain from
C.G. infected mice to determine the number of immune mice.,
When the numbers of immune mice were added to the original

LD 50 titers, the corrected titers were: . yolk sac,,10'3'5;
chorio=-allantoic membrane, 10=59; whole embryos, 10“4'5;

and pooled embryonic fluids, 10-3’0. These tlters afe in close

agreement with the titers obtained in chick embryos infected

with the R.H. strain.

Comparative titrations in mice were made with the membranes
harvested from dead and living chick embryos of a group inocu-
lated with the same sugpension (Table 5). Such titrations were
verformed for eggs dead or living before the maximum day of
death and for dead and living eggé on the maximum day of death.
The maximum day of death was that day on which the greatest
number of embryos died. Titration of egg passage 12 materlal
gave LD 50 titers of 10-%4.5 rfor membranes of eggs dead and
living 5 days after inoculation, and the same titer for mem-

branes of eggs dead on the 5th day which was the day on which
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Table 5

Comparative Titrations in Mice of Membranes Harvested
from Dead and Living Chick Embryos

10-day embryos inoculated with 0.5 ml of ¥.S.-C.A. Susp. via yolk sac

Maximum IDgg Titers
Begg Days of | Number of Days after Egg Inoculation
‘ Embryo 7 , o 6
Passage Deaths Dead Living Dead Living Dead Living
12 5 10~4+5 | 1045 |10-4-5
16 6 10-3.5 1050 KK10-0.5%| 10-4.5
20 5,6 10°3+% |10-5.0 | 10~5:0 | 10-5.0

¥ Mice were inoculated with Y,S5.-C.A. from eggs dead 6 days after inocula-
tion of sixteenth egg passage; however, something completely inactivated
original 10% Y.S.-C.A. suspension.
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the maximum number of embryo déaths occurred; thus the titers:
were equally as high for membranes of egge dead or living one
day before the day on which the greatest number of embryo
deaths occurred as for the membranes of eggs dead on‘the maximum
day of death. Data from egg passage 16 alsoc indlcated that

this was true, but that membranes from eggs dead two days
before the maxlmum‘day'of death had somewhat lower LD 50 titers,
10727 as compared with 10-5.0 and 10-%4+5. Data from egg
passage 20 were more dlfficult to interpret since the maximum
deaths were equally divided between the 5th and 6th days;
however the titers of the membranes, 10‘5'0, were ldentical

for eggs dead 5 dajs,_living 5 days, and dead 6 days after
1nocu1§tiontt In this instance the membranes of eggs harvested

earlier, that is, 4 days after inoculation had a lower titer,.

10-3. 5

namely Thus 1t appeared that membranes harvested
either from dead or living chlick embryos at or near the time
of the maximum number of embryo deaths possessed slmilar high
titers and that membranes of living eggs harvested two days

before this maximum had somewhat lower titerse.

Four comparative titrations were performed in mice and

chick embryos, and the results are listed in table 6. 1In
three casee mice were inoculated intracerebrally with 0.03 ml,
and chick embryos were inoculated into the yolk sac with

0.5 ml of the tést suspension. Infected mouse pbrain suspen-

sions were titered in three tests, and a yolk sac-chorlo-

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



‘uolssiwiad 1noyum paugiyosd uononpoidal Jayun 1aumo 1ybuAdoo ayj Jo uoissiwiad yum paonpoiday

Table 6

Comparative Titrations of Toxoplasma Infected Tissues

in Mice and Developing Chick Embryos

Mice inoculated intracerebrally

10-day chick embryos inoculated via the yolk sac

Inoculation Lﬁ“o Loses
Passage ' LDy petr Gram of
e 50 -

Titration Indicated

Tissue im'g in: Titer Tissue
ml )

335 HMouse Brain |0.5 Embryos 10-5.0% 200,000+
0.03 |Mice 10742 | 1,000,000

336 " " 0.5 |Embryos | 10-5.0 200,000
0.03 |Mice 1040 330,000

344 " n 0.5 |Embryos | 1074+? 64,000
0.5% |Mice 10~4+2 64,000

15 Y.S.-C.A. 0.5 |Embryos | 10-4.0 20,000
0.03 |Mice 10-3.0 33,000

# Mice in this case were injected intraperitoneally.
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allantolic membrane poocl was used in the fourth series. In

three of the tests, passages 3355, 356, and 15, higher LD 50
titers were obtained in chick embryos than in mice. However,

in three cases the amount injected into eggs was proportionately

(16x) larger. The mouse brain suspension of passgage 335
titered 10‘5'04'1n embryos as against 10-4.5 in mice. Similarly,
passage 336 titered 10-5¢0 in eggs and 10~%+0 in mice, and a
yolkbsac-cnorloéallantoic membrane suspension from egg passage
15 ﬁitered 1040 1n eggs and 10°2+0 in mice. When the actual
number of LD 50 doses per gram of inoculated tlssue were
calculated, the values obtained in these three tests were
‘slightly higher in mice than in chick embryos, 1,000,000 as
against 200,000+, 330,000 as against 200,000 and 33,000 as

- against 20,000.} The mousge brain suspension of passage 344
was titered with similar inocula,. 0.5 ml per egg via the yolk
sac and 0.5 ml per mouse intraperitoneally, Both'LD 50 titers
were 10'4‘5, and the LD 50 doses per gram of titrated tissue

were the same, 64,000 LD 50 doses.

Results in tables 2a, 2b,.2c,. and 24 show that 6=, 7-,
9-, 10-, and ll=day fertile hen's eggs were used for the
successful cultivation of toxoplasma. On three occaslions
direct comparisons were made between embryos of dlfferent
age, and the results are listed in table 7. In one experi-

ment in which seven- and eleven-day eggs were lnoculated
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Table 7

Influence of Age of Developing Chick Embryo
‘Infected via the Yolk Sac

Egg Inoculation Age
of Day of Death
Passage Tissue Suspension | Volume Eggs
ml days
T 1455,6,8
1 10% Mouse Brain 0.25
11 [5,5,6,6,6,6,7,7,7,7
10 | 4,6,6,6,7
10 10% Y.S5-C.A. 0.5
11 14,5,6,6,6,6,6,6,6
7 4”5,5’535)6,6’6’616)637
7-48 20% Y.So 004:
11 4:5,6:6:6’6:6:7
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with the same 10 per cent mouse brain suspension, the seven-
day eggs died between the 4th and 8th days, and the eleven-
day eggs'died between the 5th and 7th days. In another ex-
periment all deaths in both seven- and eleven-day embryos
which were inoculated with a 20 per cent yolk sac susgpension
fell between the 4th and 7th days. Ten- and eleven-day
chick embryos inoculated simultaneously with 10 per cent

Y.S.~C.Ae material showed no differences.

With some disease agente which are cultivable ln developlng
chick embryosg, lncubation of the inoculated eggs at temperatures~
below 37 C has been found to give more travorable results.

The data in table 8 demonstrate that cnick embryos incubated
at 35 C surjived an average oif one day longer than chick
empryos incubated at 37.C. All eggs succumbed at both temper-
atures; however, examlination of the choriofallantoic membranes
revealed that the plaques in the eggs that were incubated

at 35 C were generally of O.5 mm size, whereas the plaques

In eggs incubated at 37 C were 6f 1.0 to 2.0 mm size.

In these experiments inoculation of fertile eggs was
usually into the yolk sac; however,, the chorio-allantolc
membrane method of inoculation also produced embryo deaths.
By comparative inoculation of ten-day chlck embryos via the
yolk sac and onto the chorio-allantoic membrane (Table 9)

with equal quantities of the same inoculum,. the deaths of
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Table 8

Influence of Temperature of
Incubation of Developing Chick Embryos
Infected via the Yolk Sac
with
0.5 ml 10% Y.S.-C.A. per egg in 10-Gay chick embryos

Average Size

of
Temperature Day of Death Plaques
¢ mm
37 5,6’6’6’6,6,6’7,7,7 l-o - 2-0
35 6,7,7,7,7,7,8’8,8,8,8 0'5
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Table 9

Influence of Method of Inoculetion
of Developing Chick Embryos Infected
with '
0.05 ml of 50% ¥.S.-C.A. per egg in 10-day chick embryos

Method Description
of of
Inoculation Day of Death Plaques
Yolk Sac 55555555036 ,6,6,6,6,6,6 Numerous, 1,0 - 2.0 mn,
universally distributed
over C.A.

Chorio-zllzntoic

Membrane L35455,5,5,6,6,6,6,06,6 Fair number, 0.5 - 1.5 mm,
mainly concentrated at
the site of inoculation
on C.A.
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the embryos were concentrated on the 5th and &th days re-
gardless of the method of introduction of the parasites.
Plagues were present on the chorio-allantoic membranes of
‘both sets of embryos, but theilr distributions varied.

After lnocculation onto the chbrio-allantoic membranes, 0.5-
t0 l.5-mm-plaques were found in falr numbers, and were con-
centfated mainly at the site of inoculation -but were not
confined to that area. Inoculation intc the yolk sac pro=-
duced numerous I to 2-mm-plagues which were universally

distributed over the entire chorio-allantoic membrane.

Chick embryo membraneg, and sallne eﬁspensions of these
tiséués, were tested after various periods of storage for the
presence of viable toxoplasma. At least two mice, and
generally four mice, were injected with the test material.

‘ Each mouse received 0.03 ml intracerebrally, and 0.5 to 1.0
ml intraperitoneally, of a 10 or 20 ﬁer cent saline sus-
pension of the stored material. These percentages were
calculated on the basis of the origlnal membrane welghts.
Membranes were harvested aseptically from the embryos,
placed in sterile test tubes elther as whole membranes or

- ag saline suspenslons, and the tubes were sealed with
parafilm in order to prevent dehydration. Table 10 presents
Athe data from two experiments in Which whole yolk sacs and

chorio-allantolc membranes were stored at 4 C. The yolk sac
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and the chorio-allantoic‘membrane from the same egy were
tested simultaneously in ofder to eliminate any egg to egg
variation. With membranes of egg passage 19 viable toxo-
plasma were found in the yolk sac after 21 days but not
after 36 days. The materials from egg passage 5-48 yielded
viable parasites from both yolk sac and chorio-asllantoic
membranes after 32 days but not after 37 days; however,
viable organisms were not found in the yoik sac stored for
29 days. The chorio-allantoic membranes which were stored
44 and 48 days also yielded viable toxoplasma. Mixed 10,.
25, and B0 per cent Y;S.-C.A. suspensions were tested after
storage at 4 C (Table 11). Ten per cent suspensions caused
toxoplasma infection in mice after 8 days but not after 14
days of storage. The 25 per cent suspensions contained
living parasites after 21 days but not after 28 or 29 days
of storage. Four 50 per cent Y.S.~-C.A. suspensions were
tested. Viable organisms were obtained in these trials

at 21, 27, 28, and 31 days, but not at 28, 40, 41, and 48
days, respectively. Data on the effect of the temperature
of storage are given in table 12. Infected tissue whlch
had been frozen rapidly by means of a dry ilce-alcohol bath,.
and stored at =70 or =10 C produced no infection in mlce at
the first test. This is in agreement with previously ob-

served fallures to store infected mouse brain satlisfactorilly

at dry ice temperatures. Whole yolk sac and chorlo-allantolc
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Viability of Toxoplasma in Infected Embryos

Table 10

after Storage of Whole Membranes at 4 C

Egg Tissue

Passage Stored

Days of Storage

19 Yolk Sac

Chorio-
allantoic
iembrane

10

14

17

21

R2

25

_8

29

32

36

37

41

bl

48

5-L8 Yolk Sac
Chorio-~
a2llantoic
Membrane

+ Recovery of toxoplasma by injection of mice.

- Failure to recover toxoplasma by injection of mice.
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Table 11

Effect of Concentrzation on Survival of

Toxoplasma in Y.S.-C.A. Suspensions at 4 C

Egg Suspension
Passage Stored Days of Storage
1441211271281 29311 40| 41} 48
18 10% Y.S.-C.A. -
25% i + 1 + -
50% " +1 + -
10 25% YQSU""COAQ -
7 50% YoSo"’Cvo + + + -
16 50% Y.S.-C.A. + -
16 50% ¥.5.-C.A. + -

+ Recovery of toxoplasma by injection of mice.

- Fallure to recover toxoplasma by injection of mice.
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Table 12

Effect of Temperature on Survival
of Toxoplasma in Infected Egg Tissues

Tissqes from egg passage 10

Tissue Temperature
of
Stored : Storage Days of Btorege
(8] C :
4 21316112{29{32{54
25% ¥.5.~C.A. -0 -
-10 -
. 4 + -
25 +] |+ -
37 + |+ -
Vhole ¥.S5.-C.A. 4 + +1 -
25 o+ -
WhOle YoSo"Cvo
with 5.0 ml of
egg fluids 4 + +
25 + -

+ Recovery of toxoplasma by injection of mice.

~ Failure to recover toxoplasma by injection of mice.
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membranes also have been tested after dry ice storage and
none have yielded viable orgahisms. Toxoplasma infectlion

in mice has been produced by 25 per cent Y.S.~-C.A. stored

for 6 days at 25 C, room temperature, and for 3 days at 37 C;
Whole yolk sac and chorio-allantolc membranes, with or with-
out added egg flulds, ylelded viable toxoplasma after 12 days
at 25 C but not after 32 days; yet corresponding membranes '
stored at 4 C ylelded viable organisme at 32 days. These
periods of successful storage are, therefore, somewhat

longer than the storage of infected mouse brain under Tyrode's
solution as is commonly practiced. In our experience infected
whole mouse brains stored at 4 C under Tyrode's solution have

been infectious after 21 days but never for longer periods.

Serum neutralization tests to determine toxoplasma anti-
bodies are generally performed according to the method of
Sabin (9) which consists of intracutaneous injection into
the rabbit's back of mixtures of undlluted serum and 1:10,
1:50, 1:500, and 1:5000 dilutions Qf toxoplasma infected
mouse brain in Tyrode's solution. The degree of inhibition
of skin lesions as compared to control lesions permits the
degree of neutralization to be determined. Three neutral-
ization teste were:perfarmed in eggs using death of chick
embryos as the criterion for evaluating the neutralizatlion

index (Table 13). A freshly prepared 20 per cent mouse
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brain suspension was obtained by shaking infected mouse brains
with glass beads, and decimal dilutions were preparéd from
this, Equal quantities of the dilutions were thén mixed with
the undiluted Sefums to be tested and allowed to stand at room
temperature for 20 minutes, after which 0.2 ml gquantities of
the mixture were injected into ten-day chick embryos elther in-
to the yolk sac or onto the chorioc-allantolc membrane. Final
dilutions of mouse brain thus in jected were 10-1, 102, 10-3,
10~%,.10-5, and 10-6. 1In all three tests a normal rabbit
serum was tested simultaneously with an lmmune rhesus monkey
serum. The LD 50 titers were calculated for both the normal
serum and the immune serum, and from these the neutralization
index of the immune serum was determined. Thls index ls the
anti~-log of the difference between the LD 50 titer of the
normal serum and the LD 50 titer of the immune serum, both ex-
presged as the logarithms of the infected mouse brain di-
lutions. Serum neutralizations performed by inoculation into
the yolk sac gave neutralizatlion indexes of greater than 300
with one serum and 32 for a second serume. Inoculation onto
the chorio-allantoic membrane gave a neutralization index

of 100, Both methods are therefore practicable,. with the

yolk sac method the easler to do; however nelther is wholly
practical since most serum specimens are not handled with

the conditions of rigorous asepsis that are essentlal to

prevent the interference by bacterial contamination of the
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Table 13

Toxoplasma Serum Neutralization Test

in 10-Day Chick Embryos

0.2 ml of mixture of undiluted serum and mouse brain suspension per egg

Method of Serum Dilution of Mouse Brain LD5O Neut.
Tnoculation s
of Eggs (Undiluted) 10-1 102 10-3 10-4 105 10-®  Titer  Index
Y.S. Normal Rabbit 1/1% 2/2 1/1 »10=2+5
Y3003
Rhesus 2
( 7 wk bleeding) /1 1/2 0/1 10-3.0
Y.s. Normal Rabbit 3/3 2/3 0/1 0/2 10~4-3
32
Rhesus 2 o g
(10 wk bleeding) 3/3 1/3 0/3 107%"
C.A. Normal Rabbit 3/3 1/2 1/2 0/2 10-3+3
100
Rhesus 2 1
(10 wk bleeding) 1/1 0/2 0/2 0/1 10~1+5

Denominator i

due to trauma or bacteria).

Eory

L]

- brain mixtures was 15.

Numerator represents number of chick embryos dead from toxoplasma.

inoculated (minus nonspecific deaths

Neutralization index by intracerebral injection of mice with the same serum-mouse
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the results of serum neutralization tests in developing

hen's eggs.

In view of the successful cultivation of the etliologic
agent of granuloma inguinale in embryonic yolk by Anderson,.
DeMonbreun, and Goodpasture (17) two separate attempts were
made to cultivate toxoplasma in the pooled embryonic fluids
from seventeen-day incubated fertile eggs, with and without
the addition of embryonic chick brain or heart. Both

attempts were unsucceagsful.

Passage thru eggs has not resulted in any obvious loss
of pathogenlicity for animals. After more than 13 passages
egg tissues have caused the disease in mice, rats, two- to

eleven-day chicks, rabbits, and a rhesus monkey.

With the adaptation of the R.H. strain of toxoplasma
to growth in the embryonated egg, the various tissues of such
eggs offered promise of beihg easlly obtained antigens of
high quality for use in the complement fixation reaction. In
order to establlsh a base line from which to proceed, attempts

were made to repeat the works of Nicolau and Ravelo (11) and

of Warren and Sabin (12).

Nlicolau and Ravelo prepared methanol extracts of desic-
cated, infected rabblt spleen, and reported specific fixation

with antisera from toxoplasma-infected rabbits and other
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animals. Methanol extracts were prepared in this laboratory
by the same methods from an infected rabblt spleen and a
normal rabbit spleen. The spleens were desiccated in vacuo
for five days, and then extracted for 24 hours at 37 C using
25 ml of methanol per gram of dry spleen. The filtrates
from these extracts constituted the antigen and the normal
control extract. After the incubation at 37 C of 0.2 ml
quantities of each of these extractes with 0.2 ml of 2 per
cent sheep red blood cells and 0.6 ml of physiological
galine the sheep red bloodbcells were partially hemolyzed.
Therefore these antiggns were congldered unfit for use in

the complement fixatidn reaction.

With sera from rhesus monkeys infected by intracutaneous
and intra-abdominal injection, Warren and Sabin obtained
specific fixation of complement with frozen and thawed saline
extracts of infected rabbit brain. In order to show speclific
fixation 1t was nexegsary for them to perform simultaneous
tests, using a similar extract of normal rabbit brain. The
complement fixing antlibody appeared within 1 to 4 weeks
after inoculation but, unlike the neutralizing antibody,,
disappeared again in most monkeys, sometimes even as early
as 2 months thereafter. In view of the results reported

by Warren and Sabin, similar experiments were attempted

by the author,
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Two rhesus monkeys were bled for normal serum, and were
then infected with toxoplasma by the combined intracutaneous
and intraperitoneal routes. Rhesus 1 recelved 10.0 ml of
10 per cent infeéted mouse brain intraperitoneally, and two
simultaneous intracutaneous injectiong of 0.2 ml of the |
same suspension. Rhesus 2 was injected with the same
quantities of a 10 per qent toxoplasma-infected yolk sac-
chorio-allantolc membrane suspension. That both monkeys
became infected was proven by elevated temperatures of five
to seven days in duration, and 1.5 to 2.0 cm areas of in-
duration at the sites of the intracutaneous 1njgptions.
Weekly bleedings by cardiac puncture under ether anesthesia
were performed during the first eight weeks after inoculatlon.
Rhesus 1 was also bled at 12 weeks after inoculation, and
rhesus 2 was bled at 10, 12, and 14 weeks aftér infectlion.
-Each blood specimen was allowed to clot, the serum was drawn
off, placed in sterlle lusteroid tubes, and frozen on the
day of the bleeding. Such sera were kept frozen at dry ice
temperatures until needed. This was the method of séorage
that was found most favorable by Sabin and Ruchman (10).
Rabbit neutralization tests with the normal sera were negative.
Equivocal neutralization was obtained wlth the one- and two-
week sera of rhesus 1, and the one-week serum of rhesus 2.
Positive neutralization was obtained with all sera obtained

two weeks or more after inoculation of rhesus 2, and three
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weeks after inoculation of rhesus 1l.

Three gets of rabblt brain antigens were prepared in a
manner similar to that described by Warren and Sabin. (12).
For the toxoplasma 1nfected brains, rabblilts welghing
approximately 2 kllograms were injected intracerebrally with
0.4 or 0.5 m]l of 10 per cent infected mouse brain. Upon
death of the rabbit the braln was removed, ground with moétar
and pestle, and a 10.per cent saline suapension prepared.
After storage overnight at ordinary refrigerator temperature,
about 4 C, the suspension was alternately frozen and thawed
five times. A dry ice-alcohol bath was used to freeze, and
running cold water was used to thaw.the material. After
centrifugation for 30 minutes at 3000 rpm in an angle centrl-
fuge, the supernatant was removed and this constituted the
antigen. Normal rabbit brains were processed slmilarly to

gserve as controls. These antigens and controls were stored

at 4 C until used.

Procedure of the complement fixation test using rabbit brain

antigens: Sheep red blood cells were washed four times 1ln
saline and a 2 per cent suspension prepared. Commerclal
hemolysin (Sharp and Dohme) was titrated with these red blood
cells in an excess of complement, and the red blood cells

were sensitized with an equal volume of the hemolysin dilution

required to give 2 units of amboceptor per 0.2 ml; thus O.4 ml
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of sensitlzed erythrocytes contained 0.2 ml of 2 per cent cells
and 0.2 ml of amboceptor (2 units). Hemolysin and complement
titrations were incubated at 37 C for 30 minutes. Guinea pig
complement wgs stored frozen, and was titrated lmmediately
before use. For the test proper, the complement was dlluted

80 that 0.2 ml contained 1 1/3 units. Immune sera were in=-
activated for 30 minutes at 56 C unless otherwise stlpulated.
To determine fixation,;, 0.2 ml of the lmmune serum dilution,

0.2 ml of complement (1 1/3 full units), and 0.2 ml of the
undiluted rabbit brain antigen were incubated for 30 minutes

at 37 C. Two-tenths ml of each serum dilution was incubated
gimilarly with the normal rabbit brain suspension. Thereafter,
0.4 ml of sensitized red blood cells were added to each tube,
and the degree of fixation was determined after an additional
30 minute incubation at 37 C. Complete fixation was deslgnated
as 4 and no fixation as O, with various intermediate degrees
between the two extremes deslgnated as 3, 2, and 1 plus 1in

the order of decreasing fixatlion of complement. Final readings
were made after overnight refrigeration at,4 Ce The usual

anti-complementary and hemolytic controls were included ln.
each test.

A typical protocol of a complement fixation test with
monkey sera 1s given in table 14. Normal monkey serum fixed

complement in low dilutions, 1:8 or less, in the presence of

both the toxoplasma rabblt braln antigen and the normal rabblt
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Table 14

Complement Fixation with Monkey Sera
Employing Rabbit Brain Antigens

Weeks Antigen . Serum Dilution
after or a.Ce
Rhesus _ Tnoculation Control Undil, 1:2 1:/4 1:8 1:16 1:32 1:6/L Undil.
Tox. Rabbit Braln 14 1 1 0 0 0 0 0 0
Normal Normal " 0 1 0 0 0 0 0
Tox. M moon 3 3 3 3 3 1 0 0
1 Normal " noomn 3 3 3 3 3 1 0
Tox. " roon 3 3 3 3 1 0 0 0
2 Normal " L 3 3 3 3 1 0 0
1 Tox. 0 nooon L 4 4 2 4 2 0 0
3 Normal " L 4 L 4L 4 2 1 0
Tox. n " " 4 L 4 4 A 4 0 0
4 Normal " noon 4 L4 4 4 2 0
6 Tox. " " " L 4 A 4 1 0 0
Normal " " " 4 4 4 3 0 0
a.C.
1:2
Toy. Rabbit Braln 1A 3 2
5 Tox. U noon 3 3 3 1 0 0 0
2 Normal ™ v 3 3 3 1 0 0
Tox., " "o 3 3 1 0 0 0
b Normal " L 3 g 3 1 0 0
Tox. M nooon 3 3 3 1 0 0 0
5 Normal " L 3 3 3 1 0 0
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control. This nonspecific fixation was higher in rhesus 2.
Sera obtained 1 to 6 weeks after inoculation of the monkeys
with toxoplasma, elther with iInfected chick embryo material
or mouse brain, fixed complement in higher dilutions, 1:16
and 1:32, The differences between the degrees of fixation.
with the toxoplasma infected brain antigen and the normal
control braln preparation were in all cases less than 2-
fold, and in most cases identical degrees of flxatlion were
obtained with the toxoplasma and normal brain antlgens.
Similar data were obtained with rabblit brain antigens 2A
and 3A and thelr corresponding controls. Siuce these anti-
gens were prepared from different rabbit brains, . the possi-
bility that individual variation among rabbite had effected
the results wase reduced. Rabblit braln antigen 3A and its
control were further processed by the method utllized by
Sabin for the preparation of a complement fixing antigen.
for Japanese B encephalitis (18). This coneisted of re-
peated freezing and thawings,.each followed by angle cen-
trifugation at 3500 rpm. Toxoplasma rabblt bralns and controls
treated in this mamner did not alter the basic pattern of
fixation. The only notable change was that all sera fixed
complement 1 tube lower (2-fold less) than the original
antigen or control. In view of the large amount of non-
specific fixation it would be hazardous to grant significance

to the difference between the 4- and 2-plus fixations with.
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rhesus 1 sera at the third and fourth week bleedings in
dilutions of 1:16 and 1:32, respectively,, yet these differences

were in the direction of speclific fixatlione.

Table 15 glives a direct comparison of rabblt brain
antigens 1A and 2A and normal rabbit brain 2A with the same
sera. The difference In fixation is as great between anti-

gens as between antigen 1A and control preparation 2A.

In view of the high lipold content of braln material
the effect of ether extraction upon toxoplasma rabbit braln.
antigens was investigated. Toxoplasma rabbit brain antligen
1A was extracted with an equal volume of ethyl ether at room
temperature for 72 hours, the aqueous materlal was separated
and the residual ether was removed by slight vacuum. Normal
rabbit brain 1A was treated ldentically. No fixatlion of
complement was obtained with either the toxoplasma or normal
material in the lowest serum dilutions tested (Table 15);
thus ether extraction removed all the nonspecific, and

poesibly the speclfic, complement fixing properties of

rabbit brain antigens..

In many complement flixation tests it 1ls essentlal to
titrate complement in the presence of the éntigen.v Titratiomn
of 1:10 complement in the presence of toxoplasma rabbit brain

entigen 2A yielded the same tlter as the tltration in the
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Table 15

Comparison of Rabbit Brain Antigens

(Rhesus 1 immune sera)

Vieeks Antigen Serum Dilutions
after or 2.Co
Inoculation Control 1:5 1:10 1:20 1:30 1:40 1250 1:60 1:5
Tox. Rabbit Brain 1A 2 1 0 0 0
1l 1 1 2A 2 2 O O
Normal Normal " w24 3 2 1 0
Ether Ext. Tox. Rabbit Brain 1A 0 0 0 0
" n Normal " " 1A 0 0 0 0
Tox. Rabbit Brain 1A 4 4 4 L 2 0 0 0
n H n 2h 4 4 4 L 3 0 0
3 Normal " n 24 A L 4 A 1 0 0
Ether Ext. Tox. Rabbit Brain 1A 0 0 0 0 0 0 0
n " Normal " n 1A 0 0 0 0 0 0 0
Tox. Rabbit Brain 1A 4 4 4 2 1 0 0 0
1 I " 24 4 4 4 3 0 0 0
8 Normal " noo2A A 4 4 1 0 0 0
Ether Ext. Tox. Rabbit Brain 1A 0 0 0 0 0 0 0
un " Normal " " 1A 0 0 0 0 0 0 0
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presence of saline only (Table 16). This was algo true for
normal rabbit brain 2Ae In all three cases one full unit of
complement was 0,04 ml; however if both toxoplasma rabbit
brain 2A and undiluted rabbit serum were present, it reéuired
0.09 ml of 1;10‘oomplement for 1 full unit. The same was
true when complemént was titratéd in the presence of normal
rabbit materials. Experiment 2 of table 16 showed that this
anti-complementary effect of the rabblt brain-norﬁal serum
combination was even more pronounced 1if thé.complement
dilutions were reffigerated overnight at 4 C before the

addition of the sensitized cells.

When serum from the asix-week bleeding of rhesus 1 was
tested for fixation, using two complement conceﬁtrations”
two full units of complement ylelded less fixation with both
the toxoplasma and normal antigens than was obtained with
the more sensitive test employing 1 1/3 full units; yet the
difference between the fixation with toxoplasma antigen and
the normal brain material (specific fixation) was ldentical

with both 1 1/3 and 2 units of complement.

Casals and Palacios (19) increased the specificity of
their complement fixation tests in viral dlseases by heating
the immune sera to temperatures higher than the usual 56 C
used for inactivation. By inactivation of a 1:4 dilution of
rhesus serum at 65 C for 30 minutes (Table 17) all of the non-
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Table 16

Titration of Complement in Presence
of Rabbit Brain Antigens and Normal Rabbit Serum

Reagents Added to Titration 1:10 Complement Equal to 1 FUll Unit
Ixperiment 1 Experiment 2
ml 37 C, 30 ¥in 0O.N. A C
ml ml
Saline .04 .05 .04
* , 0.2 ml Tox, Rabbit Brain 24 ; 04 .05 .04
u , 0.2 ml Tox. Rabbit Brain 24, 0.2 ml Undil
Normal Rabbit Serum .09 .08 .10
" » 0.2 ml Normal Rabbit Brain 2A 04 .05 .04
" 5 0.2 ml Normal Rabbit Brain 24, 0.2 ml Undil
Normal Rabbit Serum .09 .08 .10
", 0.2 ml Supernatant®* Rabbit Brain 2A .04
n s 0.2 ml Supernatant® Rabbit Braln R, 0.2 ml Undil
Normal Rabbit Serum .08
f > 0.2 ml Supernatant* Normal Rabbit Brain 2A 04

", 0.2 ml Supernatant® Normsl Rabbit Brain 24, 0.2 ml
Undil Normal Rabbit Serum .08

* This is the designation applisd to the antigen prepared according to Sabints method for
Japanese B encephalitis (18).
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specific fixation was eliminated for normal serum in the
presence of toxoplasma and control rabblt brain. With monkey
serum obtalned six weeks after inoculation with toxoplasma
nongpeclfic fixatlon was present after inactivation at 65 C,
but in lower titer and the degree of apecific fixation, if
there was any, was slightly increased; yet thlis speclific
fixation was stlll less than 2-fold. However, when an entire
test was set up using only sera inactivated at 65 C for 30
minutes, very unusual results were obtained (Tabls 18). No
fixation, specific or nonspeclfic, occurred ln lower d4i-
lutions, yet 1- and 2-plus fixatlion occurred in the higher
dilutions, and in all probability these results represented
nongpecific fixation. No explanation 1ls apparent for these
results, the only difference between the tests quoted in

tables 17 and 18 being in the antligens used.

In an attempt to explain some of the nonspeciflc reactions

the sera were titrated for their

Thesge

obtained with monkey sera,

abllity to hemolyze sheep red blood cells (Table  19).
titrations were performed by mixing 0.2 ml of inactivated
gserum dilutions with 0.2 ml of 1:10 complement, an excess,

and 0.2 ml of 2 per cent washed sheep erythrocytes; bringing

the total volume to 1.0 ml with saline. After incubation at

37 C for 1 hour the results were read: O for complete

hemolysis and 4 for no hemolysis. All sera tested, including
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Variation of Units of Complement and Temperature of Inactivation of Sera

Complement Fixation with Rhesus 1 Sera
and Rabbit Brain Antigens

Tabl

D

1

Weeks Antigen Serum full Units Serum Dilutions
after or of - GeCoa
Inoculation Control Inacgivation Complement 1l:/4 1:8 1:16 1:32 1:64 1l:i
' C
Tox. Rabbit Brain 24 65 11/3 0 0 0 0 0
Normal n i n non ) 0 0 0
Normal Tox. " 1t n n 2 0 0 0 0
P\]ormal n " " n 4] O O O 0
oX. Rabbit Brain 24 56 1 1/3 L4 4 4 4 1 0
ormal n 1 i 1 nn 4 4 4 3 O
Tox. i oo " 2 4 4 4 1 0
ormal W it "o " " 4 A 3 0 0
6 Tox., " W 65 11/3 Lo 41 0 0 0
orm:i M L " mon L2 0 0 0
ToX. " W " 2 L2 0 0 0
ormal ¢ n n u ] A 0 0 0 0
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Table 18

Complement Fixation with Monkey Sera
after Inactivation at 65 C for 30 Minutes

Rabbit Brain Antigens

Weeks Antigen Serum Dilution
after or
Rhesus Tnoculation Control 1sh 1:8 1316 1:32 1:64
Tox. Rabbit Brain 3A 0 0 1 2 P
Normal Normal ¥ 1 u 0 0 0 0 -
Tox. n n " 0 0 0 1 1
1 2 ) Normal ™ n n 0 0 0 0 0
_ Tox. " 1 " 0 0 1 0 0
4 Normal " "o O 0 0 0 0
; Tox., M moon o o o0 2 2
Normal " " n 1 0 1 2 2
Tox. Rabbit Brain 34 0 0 0 2 2
Normal Normal " oo 0 0 0 1 1
5 Tox. n n " 0 0 0 2 2
Normsl " " " 0 0 0 1 2
9 . Tox, M moon 0 0 1 2 1
4 _ Normal nooom 0 0 1 1 2
8 ToX. 1 " " 0 0 0 2 2
Normal 1 1 1 O 2 O 2 2
Tox. " " " 0 1 2 2 2
12 Normal " mooow 0o 1 2 2 -
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Table 19

Titration of Monkey Sera for
Sheep Red Blood Cell Hemolysins

Weeks Serunm S g vaa
after erunn Dilution
Rhesus Inoculation Inactivation 1:2 1:4 3:8 1:16 1:32 1:64 1:128 1:256
[8]
C
Normal 56 o 0 0 3 L 4 4 4
2 " o 0 0 o0 o o 1 J
1 L " o 0 0 0 O L4 4
6 n o 0 0 o0 1 L A 4
65 Lo A4 4 4 4 4 4
8 56 O 0O o 1 2 A 4 A
Normal 56 0O 0 0 1 2 3 4
n 0 0 0 0] 2 2 2
2 65 0 4 4 A b kb 4
2 4 56 o 0 0 0 1 2 3
8 " 0 0 0 0 2 3 4
12 n o 0 o0 1 2 3 4

# 0 indicates complete hemolysis of sheep red blood cells.

L " no n n " u 1 "
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normal monkey sera, were found to be hemolytic; however sers
obtained 2 to 4 weeks after inoculation with toxoplasma cbn-
tained considerably more hemolysin than d4did hormal monkey

gsera or sera obtained 8 to 12 weeks after toxoplasma inocu-
lation. Inactivation of sera at 65 C for 30 minutes completely
removed this hemolysin in all but the 1:2 dilution. Similarly,
adsorption of the inactlvated sera. overnight at ‘4. C with 3
volumes of 10 per cent washed sheep red blood cells removed
this hemolytic property. When a complete complement fixation
test was performed wlith sera adsorbed in this manner, unusual
results were obtained (Table 20), gimilar to those observed

wlth sera inactivated at 65 (.

If white rats are injected intracerebrally with toxo-
plasma they dle, and the brains of such animals are quite
heavily parasltized. Four rats of approximately 100 gm
each were injected intracerebrally with 0.04 ml of 10 per
cent infected mouse brain. On the fourth day these rats
were sick and showed signs of central nervous system in-
volvement, so they were sacrificed. The brains were re-
moved aseptically and a complement fixing antigen was
prepared from them. Thls was done by grinding, diluting
with saline to 10 per cent, freezing and thawing flve times,.
and centrifuging for 30 minutes at 3500 rpm in an angle

centrifuge. The supernatant after centrifugation was the
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Table 2

——

Complement Fixation with Sera of Rhesus 2
Which Had Been Absorbed with Sheep Red Blood Cells

Rabbit Brain Antigens

Weeks ;ntigen : Serum Dilution
after or 2.C.
Inoculation Control 1:/ 1:8 1316 1:32 1:64 1:l
Tox. Rabbit Brain 3A 0 0 0 0 0
Normal Normal " n 1 0 0 0 0
Tox. 1 n " o 1 1 1 1 0
R Normal ™ nooo 0o 1 0 1 1
Tox. il n " 2 2 2 2 0
2% Normal " LI 2 2 2 2
Tox. n n " 0 2 1 2 2 0
4 Normal ™ nooon 0 2 2 2 2
Tox. n " n 0 2 2 2 2 0
8 Normal " n n 0o 1 2 2 2
Tox. n n " 0 2 2 2 2 0
12 Normal " " 0 1 2 1 2

%* This 2-week serum had not been absorbed but had merely been in-
activated.
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antigen. Two bralns from normal rats were processed similarly
to serve as the control. Table 21 1lists the results obtained
with these rat brain preparations when allowed to fix comple=«
ment in the presence of monkey sera. No nonspeclfic fix-
ation was obtalned with normal monkey serum. Nonspecific
fixatlon was obtained with the immune sera from rhesus 1 but
not with the immune sera from rhesue 2, The explanation for
this difference might be that rhesus 1 had originally re-
celved mouse brain material whereas rhesus 2 had received a
chick embryo suspension; therefore,»the rat brain antigen,
being more closely related to the mouse brain, produced

more nonspecific fixation in rhesus l. Again the degree

of speclific fixation was questionable, and less than 2-«fold.

One frozen'and thawed antlgen was prepared from infected
chorlo-allantoic membranes but was stored as a crude 10 per
cent suspension in the refrigerator at 4 C for 70 days. After
thlis perliod of storage the antlgen and 1ts normal chorio-
allantolc controi were centrifuged and the supermnatant used
in a complement fixation test witnh the four-week bleeding of
rhesus 1. WNonspecific fixatlion with both the toxoplasma and
normal chorlo-allantoic membranes preparations occurred in
the 1:4 and 1:8 serum dilutions. As this long period of
storage might have permitted degradation of the specific

antigen, or increase in the nonspeclfic reaction of the
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——

Complement Fixation with Monkey Seras
Employing Rat Brain Antigens
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Weeks Antigen | Serum Dilution _ -
after or 2.C.
_Rhesus _TInoculation Control 1:/ 1:8 1316 1:32 1:64 1:128 (1:4)
Tox. Rat Brain 1 0 0 0

Normal Nozmal 1 W W 8 0 0 0 °
2 Tox. " n " A 4 3 0 0 0 0

Normal " n " 4 4 3 1 0 0

1

Tox. n n n 4 4 2 2 2 0 0

4 Normel ® " ®n 3 2 2 2 1 0
7 Tox. n " " 4 2 1 1 0 0 0

Normal @ ®n u 3 0@ 1 1 0 0
Tox. Rat Brain 1 0 0 0 0 0

Normal . Normal » mn m 0 0 0 0

5 Tox. " n n 2 0 0 - - 0 0

Normel " " n 0 0 0 - - 0

2

Tox. " " ® 0 0 0 o 0 0 0

k Normal * " ® 0 0 0 0 0 0
12 Tox. n n " 0 0 0 0 0 0 0

Normal " n n 0 0 0 0 0 0
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antigen, this was not deemed good evidence on which to discard

the possibility of use of chick embryo tissues as complement

fixing antigens.

Preparation of yolk sac-chorio-allantolc membrane antigén:

The pooled yolk sacs and chorilo-allantolc membranes of five
chick embryos dead five days after inoculatlon of ten-day
embryos with egg passage 21 had been frozen immediately

after harvest, and stored in the dry ice chest. Similarly,
the pooled yolk sacs and chorio-allantolc membranes from
three 15-day normal chick embryos had been frozen limmedlately
after harvest and stored in the dry ice chesﬁ. These.
membranes were removed from the dry lce chest the same day,.
thawed,. and each group of membranes was blended in a Waring
blendor for three minutes with the required saline to give a
10 per cent Y.S.-C.A. suspension. The resulting suspensions
were centrifuged in an angle centrifuge at 8000 rpm for 30
minutes. Three phases_resulted from centrifugation, a heavy
sediment, a middle agqueous phase, and a light yolk top layer.
The aqueous phases were removed and the few large yolk frag-
ments which passed into these phases were removed by fil-
tration through two layers of sterile gauze. The resulting

suspensions constituted toxoplasma Y.S.-C.A. antigen 1 and

normal Y.S.=MN.Ae le

Complement fixation tests were set up with these two
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preparations as follows: 0.2 ml of serum dilutions,. 0.2

ml of complement containing 2 exact units, and 0.2 ml of
antlgen or control were incubated in the 37 C water bath

for 30 minutes, 0.4 ml of sensitized red blood cells

added and the test read after an additional 30 minutes at

37 C. Normal monkey sera did not fix complement with elther
the toxoplasma or normal material (Table 22). Rhesus sera
obtaiﬁed two weeks after inoculation fixed complement with
both antigen and normal Y.S.-C.A. The antigen yielded the
higher titer but the specific fixation amounted to less

than two-fold. However, sera obtained from both monkeys at
5—>and 8-week intervals after inoculation gave only speciflc
fixation. Rhesus 1 fixed complement at 5 and 8 weeks to a
dilution of 1:16. Rhesus 2 at 5 weeks also had a titer of
1:16; however, at 8 weeks this titer had dropped to 1:8,,

and no fixation wag obtained in a 1l:4 dilution of the l4-week
serum. Speclfic complement fixation, thefefore,:was obtained

with antigens prepared from infected chick embryos.

An antligen was prepared from three infected chorios
.allantoic membranes stored ag whole membranes at 4 C for
s8ix months. The membranes were blended for 3 minutes in the
Waring blendor with saline and merthiolate to give final con-
centrations of 10 per cent C.A. and 1-10,000 preservative.

This was then centrifuged 30 minutes at 8000 rpm. The super-
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——

Complement Fixation with Monkey Sera
Employing Yolk Sac-Choriosllantoic Membrane Antigen 1

Weeks Antigen Serumt Dilution
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after or 2eCe
Rhesus Inoculation Control 14 1:8 1316 1:32 1:64 1k
-v l TOX. YQS."'CQ.AQ 2 O O O O O O
torma Normal ™ 0 0 0 0 0
2 Tox. n A A L 1l 1 1
Normel " 4 4 2 0 0
1
Tox. n 4 4 3 0 0 0
5 Normal " o 0 0o 0 0
8 Tox. n A A 2 1 0 0
Normal n 0 0 0 0 0
. Tox. Y.5.-C.A. 2 0 0 0 0 0 0
Normal Normal " o 0 0 0 0
2 Tox. n )3 4 A 2 0 0
Normel " A 4 2 0 0
2 Tox. n 4 4 3 0 0 0
5 Normal 1" 0 0 0 0 0
g Tox. n 4 2 0 0 0 0
Normal n 0 0 0 0 0
Tox. " 0 0 0 0 0 0
14 Normal " 0 0 0 0 0
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rnatant fluld constituted toxoplasma Ce.A. antigen 2. A control
was prepared slmultaneocusly, using whole normal chorlo-

allantoic membranes of the same age stored at 4 ¢ for elght

monthse.

In order to test the effect of merthiolate and ether
extraction, a crude toxoplasma-infected Y.S.~C.A. suspension
and the corresponding control were prepared by blending.

These were divided and processed in three ways. One fractlon.
was diluted to 10 per cent Y.S,QC.A..concentration and centri-
- fuged. To the second fraction. 1-1,000 merthiolate and saline
were added to glive flnal concentratlions of 10 per cent Y.Se=
C.A. and 1«10,000 preservative and this was centrifuged. The
third fraction was handled Just as was the second, but was
further processed by extraction with ether. An equal volume
"of C.Pe ethyl ether was shaken with the toxoplasma YeS.=C.A..
centrifugate and allowed to separate overnight at 4 C. After
separation of the éther phase, the residual ether in the aqueous
phase was removed by placing the suspension in a 40 C water

bath for 10 minutes. The aqueous phase then constlituted the

complement fixing substancee

comparative fixation tests were performed with the above
three Y.S8.~-C.A+ pPreparations, the chorio—-allantolc reagents
described previously, and the rabblt brain suspensions (Table

23). Specific fixation to the same degree was obtalned with
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the toxoplasma Y.S.=C.A., wlth or without added merthiolate,
and no nonspecific filxation was observed. Ether extraction
completely removed_the ability to fix complement. A specific
fixation of an 8-fold degree was demonstrated with the chorio-
allantolic antigen that was prepared‘from whole membranes which
had been stored at 4 C for slx months,_regardless of the non-
specific fixation in the 1l:4 and 1:8 serum dlilutions. With
the same serum the rabblt brain material agaiﬁ gave nonspecific
Tlxation to a dilution of 1:16,'and gpecific fixatlion of less
than 2-fold. Consequently all further efforts were directed
toward enhancling both the specificity and the sensitivity

of the antigens prepared from tissues of toxoplasma-linfected
developing chick embryos. S8ince the highest titers of in-
fectivity had been found to occur in the chorio-allantole
membrane, and since this membrane was relatlively free of the
troublesome yolk constituents, all new antigens were pre-

pared from chorio-allantoic membranes..

Preparation of complement fixing antigens from chorio=-allantoic

membranes: Chorlio-allantolc membranes were harvsested immedlately

after embryo deaths and were elther immediately processed to
antigen or stored in the frozen state until tlime permitted pro-
cegsing. All membranes were from embryos which died elther
five or six days after inoculation of ten-day fertlle eggs

wlth the R.H.. strain of toxoplasma. These membranes bore
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Table 23

Comparison of Chick Embryo Antigens
with Rabbit Brain Antigens

(Rhesus 1, 5-week serum, inactiveted 20 minutes at 56 C)

: Serum Dilution
Antigen or Control 2.G
l:4d 18 1216 1332 1364 ik

Tox. ¥.5.-C.A. 2 3 2 1 0 0 0

Normal M 0 0 0 0 0

Tox. Y.S5.-C.A. 2 with 1:10,000 Merthiolate 3 2 1 0 0 0

Normal n n n u 0 0 0 0 0

Ether Extracted Tox. Y.S.-C.A. with 1:10,000 Merthiolate 0 0 0 0 0 0
" f Normal 1Y 1 f i 0 0 0 0 0

Tox. C.A. 2 4 A 3 3 2 0

Normzl : 4 L 0 0 0

Tox. Rabbit Brain 2A A 4 4 2 0 0

Normel W " n 4 A 3 0 0
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numerous yellow-white plaques, and either titrated or would
have titrated to 10=%4+0 or 10-5.0 in mice. Membranes from
normal 15-day fertile eggs were used as controls for toxoplasma
membranes harvested 5 days after injJectlon of ten-day fertile
eggs. Similarly,, membranes from normal 1l6-day fertile eggs
were used asgs controls for the toxoplasma'membranes harvested
6 days after injection. Two methods of processing were
utilized. The methdd described‘by Warren aﬁd Russ (20) was
uged but with some variations. The membranes were ground in
a mortar with sterile alundum,. and a suSpensibn was prepared
in physiological saline with sufficient merthiolate to give

a final concentration of 1-10,000 preservative and 20 per
cent chorio-allantolc membrane. Thls suspension was then:
frozen and thawed three times and was centrifuged for 30
minutes at 5000 rpm in an angle machlne. The supernatant.
constituted the antigen. The second, and preferablé,

method of antigen preparation differed from the above in

that membranes were macerated by blending in a Waring
blendor for five minutes in enough physiological saline to
give 33.3 per cent suspension. Saline and merthlolate were
added to glve final concentrations of 20,0 per cent chorio-
allantoic membrane and 1-1Q,OOO preservative,. and the sus-
pension was frozen and thawed and centrifuged as in the first

method. Antigens and controls were stored in the frozen state
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at dry ice temperatures. At the time of use these antigens
were further diluted with saline, generally to a 10 per cent

concentration. Such antigens have never been found to be

anticomplementary.

Modification of complement fixatlion procedure: In order to

increase the sensitivity of the fixation test,.and to make
the procedure gimilar to that performed in most serocloglcal
laboratories, the following changes weré adopted for the
tests hereafter reported. Two exact units of complement

in 0.2 ml were mixed with 0.2 ml of serum dilutions and

0.2 ml of antigen, or contrel, and the mixtures were allowed
to stand overnight at 4 C. Thereafter 0.4 ml of sensitized
cells were added, and the results were read after incubation
for 30 minutes at 37 C in a water bath. The sensitized cell
guspensions were mixtures of equal parts of 3.0 per cent
washed sheep red blood cells and a hemolysin dilution which
contained two units of amboceptor per 0.2 ml. This ls
essentially the procedure for the standard Kolmer complement

fixation reaction.

The toxoplasma chorio-allantoic membrane antigen 3
whlch was prepared by grinding was tested against rhesus 1
gera and immune sera obtained from white rats at two and at
five weeks after intraperitoneal injeétion of 10 per cent

toxoplasma-infected mouse brain (Table 24). Ruchman (21)

\
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has shown that adult white rats survive intraperitoneal in-
jectibn with living toxoplasma, and that their sera contain.
neutralizing antibodies as early as one week after injection.
Such antibodies may be demonstrated for months thereafter.
Normal serum from rhesus 1 did not fix complement with
toxoplasma C.A. 3 but the 5-week serum gave specific fixation
of 4- to 8-fold,,and nonspeciflc fixation in the 1:4 and 1:8
dilutions. The sera from the white rats fixed complement
even more strongly than did theirhesus serum. Rat serum
obtained two weeks after toxoplasma injection fixed complement
specifically 8«fold but did give nonspeciflic reactions in the
l1:4 and 1:8 dilutions. However, . serum obtained from the same
rats five weeks after lnjection gave no nonspecific reaction
and fixed complement specifically to a dilution of 1:64.

Thies experiment demonstrated two facts: (a) the chorio-
allantolc membrane antigens were wholly sultable for com=-
prehensive complement fixatlion studles provided that a
normal control preparation was titrated simultaneously;

(b) toxoplasma-infected white rats should be thoroughly
.investigated with regard to the ability of thelr sera to

fix complement..

For purposes of standardizing all future toxoplasma.
complement fixation tests, a standard lmmune serum was pre-
pared. A group of white rats was infected with the R.H.

strain of toxoplasma by the perlipheral route. Each rat
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Table 24
Complement Fixation with Toxoplasma C.A. Antigen 3

Rhesus 1 and White Rat Sera

Weeks Antigen Serum Dilution
after or ‘ » E.Ce
Serum Injection Control 1s4 1:8 1316 1:32 1:64 1:128 1:4
Rhesus 1 . Tox. C.A.3 0 0 0 0 0
Norma Normal " 0 0 0 0
Tox. " A L b 2 0 0 0
5 Normal " 3 1 0 0 0 0
A Tox. n 4 L 4 A 3 0 0
‘l‘jlgf f;ig% 2 Normal M L2 0 0 0 J
(Pooled Serum)
Tox. n Y 4 y L 3 0 0
5 Normel " 0 0 O 0 0 0
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recelved intraperitoneally 1.0 ml of a 10 per cent in-

fected mouse brain suspension. Four weeks later each of

13 rats was bled from the heart for 3 to 4 ml of blood.

After separation the sera were pooled, and all but a small
quantity‘was frozen and stored in the dry ice chest. The
remainder of the serum pool was‘stored at 4 C. Table 25
demonstrates that this standard serum titered thé same, after
5 and 45 days of storage at dry ide temperatures,, as did the
fresh serum. Forty days of storage ln an ordinary refrigerator
at 4 ¢ eliminated a 2-plus fixation in the 1:128 dilution,

yet the fixation in the 1:32 and 1:64 dilutions was identical
to that of fresh or frozen serum. The frozen standard serum
was Included in all tests hereinafter described with the
exception of the tests on the sera from white rats 1, 2, 3,

and 4, These will be discussed later. In all tests the
standard serum gave 4-plus fixation up to and including

the 1:32 dilution and a 3-plus fixatiom in the 1:64 dilution.
Therefore, titers of all sera discussed in the remalnder of

this paper may be compared directly with each obther with the

exception of the titers quoted in tables 29 and 30.

This standard serum permitted standardization of the

various antigens. Two units of antigen were arbitrarlily set.

as the highest dilution of antigen which in 0.2 ml amounts
would glve a 4-plus fixation with 0.2 ml of a 1:32 dilution
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Table 25
Storage of Standard Rat Serum

(Inzctivated for 20 minutes at 56 C before each test)

Dilutions of Standard
Length
Method of Storage of Rat Serum
Storage o
1:8 1316 1:32 1:64 1:128
days
Fresh Serum ( 4 C) 1 YA ya 3 2 0
Frozen with Dry Ice 5 4 L. L 3 2 0
1 n 1 1" 1‘_5 4 4 3 2 0
4 C (Refrigerator) 40 4 4 4 3 0 0
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and a 3=plus fixation with 0.2 ml of a 1:64 dilution of the
standard rat serum. Two antigens were used throughout the
remainder of these experiments. With each of these, two
units were contained in 0.2 ml of a 1:2 dilution of the
antigen (Table 26), that 1s,, 0.2 ml of a 10 per cent
antigen contained 2 units. These antigens (Tox. C.de 3

and Tox. C.A. 4) were prepared according to the two methodé
described previously, by blending and‘by.grinding; therefore,
these two methods are equglly good‘for the preparation of
toioplasma antigené. Furthermore, either antlgen could be
diluted 1l:4 without appreciably lowering the degree of
fixation. However,.a 1:8 dilution of antigen resulted in
considerable loss of potencye. Dilutions of antigen to 1:16
and 1:32 removed éompletely thelr abllity to flx complement
with the lowest dilution of standard serum employed,, 1:16.

The comparative effects .of storage at 4 ¢ and in dry
ice were tested on one antigen (Table 27). .This antigen
fixed complement in the presence of the standard gerum
eéually well after 24 days of storage both at dry-ice
temperature and at 4 ¢, and after 58 days of storage at
4 C. No antigen has yet lost potency during storage in

.dry 1lce,.but no tests on perliods of storage longer than two

months hsave been made..

The titration of complement iIn the presence of elther
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Table 26

Comprrative Titrations of Chorio-zllantoic Membrane Antigens
Prepared by Grinding and Blending

Antigen Dilutions of Standard

Dilution T

1:16 1:32 1:64 1:128 1:16

Normal C.A. 3 (Ground) 1:2

Tox. C.A. 3 (Ground with alundum) 1:4

-
DN

OO I~] OO ]| O

Cowrit]| Compb| O

OOOCOOKr QOO o

1
U
1
Tox. C.A. 4 (Blended for 5 minutes) %
1
1
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Table 27
Storage of Toxoplasma C.A. Antigen 5
Antigen diluted to 10% C.A. for test

Length Dilutions of Standard

Method of Storasge of Rat Serum
Storage
1:16 1:32 1:64 1:128
days
20% Antigen Kept Frozen with Dry Ice 24 4 4 0 0
20% Antigen at 4 C n 4 4 0 0
20% Antigen at 4 C 58 3 4 0 0
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toxoplasma chorio-azllantolc membrane antigens and normal
control preparations has always resulted in the same
complement titer ag was obtalned by titration only in

the presence of saline (Table 28).

Complement fixation has been performed with sera from
rhesus monkeys, white rats, wlld rats, pilgeons, gulnea
plgse, chickens,“rabbits,,and humen beings using the standard-
ized antlgens and the standard immune rat serum to control

variation from test to test.

Rhesus Monkey Sera: Sera from the same two immune rhesus

monkeys that were studied in the preliminary experiments were
tested with chorio-allantoic membrane sntigen 3 and its
control. 1In table 32 the tlters are plotted for both the
toxoplasma antigen and the control. This was necessary in
order to demonstrate the specific fixation. Normal monkey
sera flxed complement nonspecifically. After inoculation
with toxoplasma, rhesus 1 and 2 both exhiblited specific
fixation and nonspecific fixatlon; however sera from

rhesus 2 consistantly gave more ﬁonspecific fixation and
less speclfic fixation than sera from rhesus l. This might
be explained on the grounds that rhesus 2 was infected with
chick embryo tissue, and that subsequently its serum was
tested with almost homologous tissue. Nevertheless the high

degree of nonspecific fixation with normal serum from rhesus
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Table 28

Titration of Complement in Presence
of Chorio-zllantoic Antigens

1:30 Complement

ml
Before Addition of Sensitized R.B.C.%* 0.06 0.09 0.12 0.15 0.18 0.21 0.24

Reagents Present in Titration

1:30 Complement

1:30 Complement .
0.2 ml Tox. C.A. 3 (per tube) 2 " 0 0 0 0 0
Saline

1:30 Complement
0.2 ml Normal C.A. 3 (per tube) 2 " 0 0 0 0 0
Saline

¥% 0 means complete hemolysis of 3% r.b.c.

N,

% Reagents added in such a manner that all tubes contzined a total of 0.6 ml before
addition of sensitized sheep cells.
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2 could not be explained by this hypothesls. Nongpecific
fixation of rhesus 1 sera was most pronounced between the
first and sixth weeks but this had become insignificant by
the eighth week. With the dlsappearance of the nonspecific
fixation the degree of specific fixation became more obvious,
increasing from 2-fold at 1 week to 16-fold at eight weekse.
Rhesus 2 evidenced but slightly more than a 2-fold specific
fixation. Both monkeys at the time of sacrifice,. at 12 and
at 14 weeks, possegsed complement binding antibodies. Because
of the large degree of nonsgpeclific fixation in these monkeys,.
it was more difficult to demonstrate complement fixing antl-

bodies in their sera than in the sera of white ratse

White Rat Sera: Adult white rats were bled for normal serum.

and were then inoculated intraperitoneally with a 10 per cent

infected mouse brain. Rats 1, 2, 3, and 4 received 1.0 ml

each, rats 5. and 6 received 2.0 ml each,. and rats 7 and 8
were injected with 3.0 ml each. At various time intervals
thereafter these rats were bled by cardiac puncture. All sera

were separated on the day of bleeding and were kept frozen.
until tested.

Table 29 represents a typlcal protocol of complement

fixation tests on sera from rats 1 and 2.. Rat 1 exhibited no

nonspecific fixation with the control chorio-allantolc pre-

paration, and gave specific fixation in 1:64 and 1:128
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Table 29

Complement Fixation with Sera from

White Rats Injected Intraperitoneally with Toxoplasma

Weeks
after
Injection

Rat

Intigen

or

Control

Serum Dilution

1:/ 1:8 1:16 1:32 1:6/ _1:128 1:256

a.c
led

Normal

Tox.
Normal

C.A.

1"

2

Tox.

i

Normsl
Tox.
Normal

Tox.
Normal

Tox.
Normal

RO | |W

Tox.
Normal

11

Tox.
Normal

bObo@obOPOPO

wOwowoLopo

N OM O OO OO O

0
0
0
0
0
0
0

Normal

Normal

- Tox. C.A.

1

2

Tox.
Normal

Tox.
Normal

Tox.
Normal

s 20 - Wi~ o O hOPObOFObObOOO

I~ s o © mo%oko@o»owooo

Tox.
Normal

}{-\OPOL\O(—\I—‘OO . O~ O~ O O~ O OO0 O

=~
I

o
g

0 | OB | W

Tox.
Normal

16

Tox.
Normal

>~ O~

|
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1
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dilutions. Rkat 2 did show nonspeclific fixation wlth sera
obtained up to 8 weeks after infection, but only at the two-
week bleeding was this slignificant. The 3-plus nonspeciflc
fixation in a 1:16 dilution of this serum was the only
example of sgigniflcant nonspecific fixation which occurred

in dilutions above 1:4 in a series of 8 rats., Three of these
eight rats ylelded no sera which fixed complement non-
gpecifically, and sera from four other rats only did so in

dilutions of 1l:4.

Complement fixing titers for rats 1, 2, 3, and 4 are
plotted in table 30. The titer of each serum was obtained
by taking the highest dilution which gave a four-plus
fixation and adding to this titer the amount of fixation
in the next higher dilution. Thus,, a serum which gave a
4-plus in a 1:32 dilution and a 3-plus in a 1:64 dilution was
plotted at a point three-fourths of the distance between
the 1:32 and 1:64 titers. Two weeks after injectlion these
rats possessed titers between 1:32 and 1:128 dilutions. A
peak appeared between two to four weeks, with titers about
1:64. Rats 3 and 4 had similar titers even at the 5th and
6th months, respectively; howéver, the titer of rat 2 began
to fall at the eighth week and was only 2-plus in a 1:16
dilution at the sixteenth week. Rats 5, 6,. 7, and 8 were

bled at two-week intervals beginning four weeks after
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inoculation (Table 31). Titers of about 1:32 were found,,
and these were only slightly lower at 12 weeks. Rat 6 was
sacrificed at 11 months, and toxoplasmse were recovered

from the brain. Serum obtained at this time fixed comple=-
ment only to 2-plus in a 1:4 dilution. Neithen the weight of
the rat nor the amount of the inoculum appeared to affect
the complement fixatlon titer that was attalned or main-
tained. One additional rat was injected with 1.0 ml of a
10 per cent mouse brain, and bled at four and at seven

days thereafter. Complement fixation with the four-day
serum gave a l-plus in a 1:4 dilution. The seven-day serum

completely flxed complement in a 1:32 dllution, and gave no.

nonspecific reaction. Thus it appears that the complement

fixing antibodles of white rats appear between the fourth and
seventh days after injectlon, ilncrease to a peak at 2 to 4
weeks, remain falrly strong for some weeks,. and then gradually

deerease. Normal white rat serum did not glve any fixatlion:

during these studies.

Wild Rat Sera: Sera from nine wild rats captured in the

Cincinnati area were tested for the presence of complement
fixing antibodies. One rat specifically fixed complement

to a dilutioh of 1:32 and therefore was elther infected

with toxoplasma at the time of capture or had previously had

the disease. Another wild rat gave equlivocal results, with
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an approximately 2-fold difference between fixation with

the toxoplasma antigen and the controle

Fowl Sera: ©Six chickens and three pigeons were tested for
complement fixing antibodies (Table 33). Chickens 2 and 4
received seven intraperitoneal injections of toxoplasma
infected yolk sac and chorio-allantoic membrane. Sera
obtained 30 days after the last injections contained no
antibody. Similarly,. chickens 5 and 6 received three intra-
peritoneal injections of living toxoplasma, and nine days
after the last injection their sera contailned no complement
fixing antibody. Chicken 7 was sacrificed 90 days after
intracerebral injection. Toxoplasma were recovered from
the brain, but complement was not fixed by serum cbtained
at the time of sacrifice. Toxoplasma were recovered from the
brain.of chicken 8 when 1t was sacrificed 120 days after
intracerebral inoculation, yet no complement fixing anti-
vodies were present In the serum. Thus with slix chickens
no complement fixing antibodles were demonstrated. Three
wlild pigeons were bled from the heart and thelr sera were
tested. None fixed complement. Pilgeons 2 and 3 were each
glven 1.0 ml of a 10 per cent mouse brain suspension of the
CeGe s8traln of toxoplasma. These pigeons survived,, and 21
days after inoculation they were again bled. Plgeons 2 and

3 then had specific fixation titers of 16-fold. The R.He.
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Table 33

Complement Fixation with Fowl Sera

- 3T Days Titer of
Fowl Reglmen after Specific
Employéd Inoculation Fixation
Chicken 2 7 I-P* injections 30 0
u 4 1 i1 1 1" 0
n 5 3 N n 9 0
1] 6 Hon n 1t 0
" 7 1 I-C¢ injection 90 0
" 8 non n 120 0
Pigeon 1 —_ Normal 0
_ 1 0
" 2 C.Gc TOX. I‘"P (1.0 ml)
_ 21 16
Jormal 0
" 3 u il " "
21 16

Y]

#% Intracerebral

n n L

% TIntraperitoneal injection of R.H. toxoplasmsa.

i
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strain was found to bg fatal to plgeons. Thesge two avian

speclies react differently to toxoplasma infection.

Guinea Pig and Rabbit Sera: The R.H. strain of toxoplasma

is usualiy lethal to gulnea pigs so that toxoplasma immune
guinea pig serum is not easily obtained. Two normal guinea
pigs were bled and then inoculated intracutaneously with O.1
ml of a 1077 dilution of C.G.. strain infected mouse brain.
These gulnea plgs were bled 19 and 33 days later. Nelther
gulnea pilg possessed complement fixing antibody at the 19th
day, but at 33 days the titere were 64 and 128 for gﬁinea;

plgs 1 and 2, respectively (Table 34).

During the course of testing human sera for neutrallizing
antibody, three rabbits were found to resist the intra-
cutaneous injectién of living toxoplasma. These rabblts
were found to possgess neutralizing antibody for toxoplasmae.
When tested for complement fixing properties resistant
rﬁbbits 2 and 3 exhibited more than 4=fold specific fixatlon
(Table 34). All three rabblts gave a high degree of non-
specific fixatlon, and the specific fixation titer of re-
gistant rabbit 1 was therefore questionable but probably

greater than 2-fold.

Placental Transfer of Complement Fixing Antibody: Two litters

of rats born of toxoplasma infected mothers and one litter

of guinea piges born of a C.G. strain infected guinea plg
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Table 34

Complement Fixation with Guinea pig

and Rabbit Sera

Riter of
Animal Sera Specific
Fixation
Normal 0
Guinea Pig 1 19 days after C.G. tox. (I-D)* 0
3 3 i 1] n 1 1 6 4
Normal 0
" o2 19 days after C.G. tox. (I-D) 0
3 3 i 1 1 ft it 12 8
Rabbit 1 (Resistant to toxoplasma)# 2(>2)
n 2 n f n > 4
n 3 n " " > 4‘

# TIntracutaneous injection of 0.1 ml of 10-3+0 mouse

brain.

#¥% Resistant to mouse brain employed in neutrslization

test.
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were studied for possible demonstration of placental

transfer of antibody (Table 35). Each group of young was
bled at two Intervals, and the two bleedings were tested
gimultaneously. Serum from one litter of white rats bled at
five weeks of age gave a 2=-plus fixation in the 1:4 and a
1l-plus in the 1:8 dilution, and this small degree of fixation
had disappeared at 11 3 weeks. Serum from a three-week old
litter gave better results, and fixed complement completely
in a 1:8 dilution, but again thls fixation capacity had also
disappeared by the tenth week. Serum from three gulnea plgs
born from an infected mother fixed complement at 2-plus in
both the 1:4 and 1:8 dilutions when tested at 1% and 5 weeks
of age. The low titers obtained in these three lltters and
the fact that the antibody was absent at the second bleeding
of the rats, were accepted as evidences that the young had
received thelr antibody passively from the mother, especially
since these animals probably were not old enough to have
produced antibodlies of their own. These protective sub-
stances had either crossed the placenta or had been trans-

ferred through the mammary secretions.

Human Sera: Throughout a perlod of several years this laboratory

hag tested numerous specimens of human serum for their toxo-
plasma neutrallzing antibody. These same sera were also tested

for their ability to fix complement with toxoplasma antigens
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Table 35

Placental Transfer of Complement
Fixing antibody

Mothers of age antigen Serum_Dilutions _
at or
Young animuls Tested | Bleeding Control 1:4 1:8 1:16
Weeks
Tox. Infected Normnal 0 0 0
White Rats ) Tox. 2 1 0
(Group 1)
Normal 0 0 0
113 ToX. 0 0 0
Tox. Infected Normel 0 ¢ 0
White Ratls 3 Tox. 4 4 0
(Group 2)
Normal 0 0 0
10 ToxX. 0 ) 0
Tox, Infected . Normal 0 0 0
Guinea Pig 1% ToX. 2 2 0
(C.G. 8train . -
of Tox.) i Normal 0 0 0
5 - Tox, 2 2 0
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prepared from infected chorio-allantolic membranes. The

sera were stored at dry ice temperatures until used. All

sera weve inactivated for 20 minutes at 37 C on elther the

same day or the day previous to testing for complement
bPinding antibody. A total of 195 sera waAg% tested with

both the toxoplasma antligen and the control preparation.
Ppecific and nonspecific fixatlon were encountered; therefore,,
it was necessary to analyze the results on the basis of the
degree of specific fixation that occurred. Thils degree was

expressed as the number of fold difference in fixation which

the tbxoplasma antigen gave over the control. Table 36 tabulates

the degree of specific fixation and table 37 summarizes the
distribution and per cent of nonspeciflc reactions among
these sera. Thirty-three per cent of all sera tested reacted
nonspecifically to some degree in a 1l:4 dilution. In dilutions
of 1:8,.1:16, and 1:32 these percentages were 14, 3, and 1,
respectively. NoO correlation existed between nonspecific
reactions and the degree of specifilc fixation‘of complement.

On the basis of the results given in table 36, a serum was
considered positive for toxoplasma antibodles if it gave
greater than a 2-fold degree of specific fixation. The
results with a serum which fixed complement 2-fold or less

were considered indicative of a negative serum. Positive

gsera exhiblited titers ranging from slightly more than 2-fold

to greater than 32-fold, in which cases the endpolnts were
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Table §§

Degree of Specific Complement Fixation
(Human Sera)

Specifici* Complement Fixation Titer

32

Number
Neutralizetion of , or
Results Sera 0 <2 2 2-4 4-8 8=16 16=32 >32
+ 46 4 3 6 2 6 3 3 4
+ 10 2 4 4 0 0 0 0 0
0 139 130 5 3 0 0 0 0 0

#8pecific fixation is the number of fold difference in fixation between the toxoplasma

antigen and the normal control.
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Distribution of Nonspecific Fixation

Table 37

among Humen Sera

C.F. Number Serum Dilutions
of
Result Sera
Tested 1:4 1:8 1:16 1:32 1:64
0 137 19 14 4 2 0
-+ 33 11 4 0 0 0
+ 25 7 3 0 0 0
195 37 21 4 2 0

per cent

33 14 3
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not reached,

A correlation between complement fixation and the
neutralization test was possible (Table 38). All of 130
humen sera were completely devoid of both~types of
toxoplasma antibody. Posltive sera by both tests totaled
33« Elght serum.specimens were equlvocal when tested both
ways (Table 40)s ¥ine bleedings that were positive by
neutralization were equivocal when tested for thelr ability
to fix complement. Elght of these sera were from patients
of more than 12 years of age in whom the disease had probably
been present for some time (Table 39). This would not
explain the results obtained with the serum from the 10—
year old who had an 11 to 12 week interval between the onset
of symptoms and the performance of the tests. Four sera
with neutralizing antibody were negative when tested for
fixation of complement (Table 39). Two of these were from
adults who had had sympﬁoms for 2 and 46 years, respectively.
Thus, it appears that the complement fixing antibody hay
disappear from serum before the neutrglizing antibody. Two
infants of less than 1 month of age also were positive Dby
neutralization and negative in the complement flixation test;
yet it would be dangerous to suggest that the neutrallzling
but not the complement fixing antibody could cross the human

placental barrier. Two sera that were negative by complement
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Result of Test = = . Number
of
Complement

Neutralization Fixation Human Sera
Negative Negutive 150
Positive Posgitive 33
" Equivocal 9
" Negative 4
Equivocal Equivocal 8
" Negative 2
Negative Posgitive 1l
" Equivocal 8

(Total 195)
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Table 39

Human Sera with Debatable Serologic
Findings

Neutralization {C. ¥, Test Interval between
Test Onset of Symplomg
Results Results and Test Age Additional Findings
20=30 yr. 34 Unilateral chorioretinitis
12 " 12 Bilateral retinitis, convulsions
10 " 15 " "
6 L] 33 1] "
4 + 3 w 20 u n
11-12 wk, 10 Hepatosplenomegaly _
? Adult | Mother of infant with pos. neut. test
? u woon " toxo., symptomatolcgy
? W Father %11 yr,old " pos. neut, test
46 yre 50 Convulsions, cerebral culcification
2 " 32 Bilateral chorioretinitis
—% 0 1 mo, Infant { Head rolling, cerebral calcifications
3 vk, " Hepatosplenomegaly, pigment (bile?)

in serum
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fixation were equivocal by neutralization, and eight sera that
were equivocal for fixation were negative for neutrallizing
antibody (Table 40). These equivocal results might be expected
In many disease condltions especially acute illnesses. One
serum fixed complement specifically at least 4-=fold, but did
not neutralize toxoplasma. This serum was obtained from the

father of a 3-week old son whose serum neutralized.

The specific complement fixation titers for all positive
neutralizing sera were tabulated with regard to the interval
of time between the onset of symptoms and the time of the
test (Table 41). The highest complement fixing titers were
obtained from patientes who were tested within the first
eighteen months after the appearance of symptoms. The three
titers of 2=fold or less in the O to 6 month time interval were
from children who were not old enough to produce thelr own
antibodies. Patients with symptoms for long periods possessed
low complement fixation titers, and in most cases had to be
listed as having equlvocal fixation. Nevertheless, one patient

with a prolonged illness of 11 years fixed complement at

least 8-~fold.

Toxoplasmic infection 1s sometimes observed as a congenital
encephalomyelitis, manitest either in utero or shortly after
birth. Complement fixation tests were pérformed wlith the sera

from a nﬁﬁber of individuals who were suspected of having the
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Table 40

Human Sera with Debatable Serologic Findings

Neutrulization| C.F, Test |[Interval between
Test Onset of Symptoms
Results Results and Test age additional Findings
10 yre 31 Unilateral chorioretinitis

1 " 14 Brain tumor ? ' '

+ + ? Adult | 5 mothers of offspring with neg. neut, tesf
? w 1 mother v W % pos., M n
4 Yre 29 Unilateral neuroretinitis

+ 0 1 " Infant | Head rolling, convulsions
5 mo. 12 Muscle soreness, trichinosis
4 " - 38 Unilateral neuroretinitis
6=10 wk, 25 Septic illness
? Adult |Unilateral retinitis of long duration

0 + ? 8 ] "
? 12 ® central choroiditis
? Adult | Mother of 12 yr. son with pos. sero. tests
? n W ] 2 0 ] U] nego. L n

0 ? AdultA Fauther of 4 wke. son with pos. neut. test
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Table 51“_

Relation of Complement Fixing Titer to Interval

of Time Between Onset of Symptoms and Test

Specific Complement Fixation Titer

2 o= 32 or

. Time InpervaIA or 2 or 4 4-8 28-16 >32
0-6 months ‘ 1 o 2 2 1
6-18 " o 1 0 0 3
1z~ 3 years 0 0 2 0 0
3-10 " 2 1 0 0 0
10-20 " 2 0] 1 0 0

> 20 " 1 0 0 0 0

? Mothers# 2 6 6 4 0

7 i 1 3 1 o 0

% Mothers of proven or suspected toxoplasmic children.

%% Those with unknown time interval other than the group of mothers.
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congenitally acquired illness, and when possible sera from
members of their immedlate familles were also examlined. The
results of twenty such cases are listed in table 42,
Fourteen patients and thelr mothers were tested. In nine
instances positive seroclogical tests were obtained from
both mother and chlld. In five cases the child's comple-
ment fixing titer was higher than its mother's titer. The
tests of two mothers were equlvocal or negative by both
fixation and neutralization while thelr children's tests
were equivocal only by fixation and positive by neutral-
ization. Of three 6ther mothers' sera thét gave positive
neutralization tests, only one was positive by fixation.
All three of the corresponding children were devoid of
complement binding antibody, yet one of these children
gave a poslitive neutralization reaction. Of four fathers
who were tested the serum of one gave a positive neutral=-
ization test while that of a different father possessed
only complement fixing antlbody. Three siblings of these
congenlital cases were negative. Serum from a proven case
of toxoplasmosis that was reported by Sabin (22) was
positive by both testg. This serum sample was obtalned slix
years after the onset of symptoms. Speclmens were tested
from five other mothers and all contalned considerable

antibody. Johansmann and Ruchman (14) recovered toxoplasma
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Table 42

Human Serologic Findings: Toxoplasmosis of
' Probable Congenital Inception

Putient _ lMother Father Sibling
Neut, C.F. Neut, C.Fo Neut. Co.Fe Neut, C.F,.
sge Test Titer Test Titer Test Titer Test Titer
3 wke. + O# + 2 0 4
6 w’ + 4-8 + 4-8
2 mba. + 232 + 16
] " + 16 + 16
4 w + 8-16 - * 8-16
9 " 0 o + 2 0 0 0 o)
12 » + >32 - + 4- 8
13 LA I »32 + 8-16
25 yr. + 8 + 8
3 yre + 8 + 8
6 " o) 0] + 4
10 + 2 t 2
11 " + 8 + 4 + <2 0 O
12 vt i+ 2 0 2 0 0 0] o)
5 hr.% + 4- 8 X
2 wkeP + 8
1 moél.T + 8
1 yr.,%% + 4
Infants + 4
6 yr.g& |+ 4

|

Serum containing pigment (bile?)

Post mortem: Toxoplasmic encephalitis, toxoplasma in lung cysts

Mo autopsy: Convulslions, cerevral calcification, mental disturbances
Proven case: Johansmann, R. J., and Ruchman, I.,, To be published
Clihnical diagnosis of toxoplasmosis in infant,

Post mortem: Toxoplasma in cysts

Proven case: Sabin, A.B., (21)

i T
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from a child of one of these mothers by animal inoculation.
Toxoplasma in cysts were observed at the post-mortem exam-
ination of the children of two other mothers with positive
serologlc tests. The fifth mother's infant was clinically
diagnosged as a case of toxoplasmosis. In this series of
congenital toxoplasmic patients the highest complement
fixing titers occurred in the more recent infectilons, that

is, among the younger children and theilr motherse.

In table 43 are reported the chief clinical findings
of eleven congenlitally transmitted and seven>acqulred cases
of toxoplasmosis. Sera from all of these fixed complement
specifically. Among patients with congenital toxoplasmosis,,
nine had cerebral calcification, ten had chorioretinitis
or other signs of eye involvement, ten had hydrocephalus,.
one had microphthalmia, and five manifested convulsions
or other signs of central nervous system involvement.
Chorioretinitis and cerebral calcificatlon were the im-
portant findings in this series. One or the other, or both,,
were present in each of these patients. This is in agreement
with the observations of Ruchman (23) with respect to
neutralizat;on tests. Seven patients with toxoplasmosls
acquired by modes other than in utero transmission are also
reported in table 43, Patient Gar. was a mother who had been

asymptomatic but who had given birth to children with typlcal
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Table 43

Patients Whose S8era Fixed Complement

Inception | Patient Age Sallent CllniCal Festures
Bla# 6 yr, Hydrocephalus, cerebral calcification, chorioretinitis
Car 3 mo. ¥, macular degeneration
Gan 2% yr. " " ¥, convulsions, chorioretinitis
Gil 3 yr. Central chorioretinitis
Lan 4 no. Bilateral ", cerebral calcification, mental retardation
McC 7 " Hydrocephalus. cerebral calcification
Congenital Mil 13 v #° . bilateral cataracts,
' convulgions, mental retardation
Moc 11 yr. Atrophic scar in perimacular region with pigment clumping
Rie 6 wk, Microphthalmia, congenital cataracts, cerebral calczfication,
‘ hypoactive
Tak 1l yr.. Hydrocephalus, bilateral chorioretinitis, cerebral celcificat
' ion, convulsions, spasticity, strabismus
Rus 2 mo. Hydrocephalus, bilateral choroiditis, cerebral calcification
Gar adult Mother who guave birth to children with azbnormalities
Don 15 yr. Bilaterul chorioretinitis
Dol 17 Older sister of girl with bilateral chorioretinitis
Acquired Jla 38 n Unilateral choroiditis, one hydrocephalic stillbirth
Mea 12 v Rash, fever, U.R.I., lymphadenitis, spleen?, myocardial
damage
Ros 15 Acute encephalitis of one wk.,, choroiditis
Lyk - g Prolonged encephalitis

% Proven case; reported by S8abin (22)
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toxoplasmic abnormalities. She had probably had a mild or
inapparent intection. Patlent Dol. had also been without
symptoms, ygt her serum fixed complement. Patient Don. had
bllateral chorioretinitis and patient Jla. had unilateral
choroiditis and had previously been delivered of a hydro-
cephalic, dead foetus. A syndrome resembling Rocky Mountain
spotted fever was found in patient Mea. In the 9 and115
year old patients, Lyk.and Ros., encephalitls was the maln
c¢linical finding; however, patient Ros. did have a chofoiditis.
Among the patients with positive complement tixation re-
actions the following four toxoplasmic conditions have been
manifested: (1) congenital encephalomyelitis; (2) acute
encephalitis; (3) infection resembling Rocky Mountain
Spotted fever; and (4) mild or inapparent infection.

In patient Rus. two serum specimens were tested for their
ability to fix complement and it is noteworthy to point out

that the titer dropped in the 2 month interval between

bleedings. Thls was considered as additlonal evlidence that
the complement fixing antibody tends to decrease or dlsappear

after the acute phase of the disease pagsges.

Most of the human sera used in thls study were submitted
because of the presence of one or more of the four cardlnal
clinical symptoms of toxoplasmoseis, hydroeephalus,. cerebral

calcifications, chorioretinitis, and mental dlisturbances.
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Some of the disease conditions associated with negative
complement fixation are listed in table 44. Among the
toxoplasma negatlve sgera were at least two known positive
syphilitic sera. BRBoth of these reacted nonspecifically,
one in the 1l:4 dilution and the other to a 1:8 dilution,.
but neither gave a false positive complement fixation

for toxoplasmosise.

DISCUSSION @

The inoculation of toxoplasma into the yolk sac of
developing chick embryos invariably caused death of the
embryo within four to ten days after inoculation. This was
found to be true with two strainsg of toxoplasma. Cne of
these strains had been well adapted in white mice and
uniformly killed mice. The other, of more recent iso-
lation, was not as well adapted to mice, and only an
occasional mouse dled as a result of infection. with this
strain. Levaditi, et al, (1) and Wolfe, Cowen,.and Pailge (2)
inoculateda fertile eggs with toxoplasma, yet thelr eggs
hatched. Chicks hatching from such eggs died after several
days, and were found to be heavlily parasitized. These 1in-
vestigatore used recently isolated strains for egg inocu-
lation. Since the C.G. strain that was used in some of the

experiments during these investlgations was only in its ninth
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Table 44

Disease Conditions with Negative Complement
Fixation Reaction

Microcephaly

Hydrocephalus, chorioretinitis
Unilateral chorioretinitis

Bilateral chorioretinitis
Anencephaly

Histoplasmosis

Hodgkin's disease

Torulosis

Hepatosplenomegaly

Subdural hematoma

Miliary tuberculosis

Familial demyelinizing encephalopathy
Familial emaurotic idiocy

Atresia of aqueduct of Sylvius with hydrocephalus
Syphilis

Acrodynia

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



53

animal passage the chick embryo cultivation with resultant
death was at some disagreemeht with the results of the above

authors. This difference may represent strain varilatione.

The embryonated hen's egg may be an adjunct for the
primary isclation of toxoplasma although the probabillty

is that for initial recovery of strains the mouse is still

the animal of cholce..

The cultivation of toxoplasma in the fertile egg is an.
easily handled and practical laboratory method for the pre-
paration of antigenic materials for serological studlese.
Iﬁfected chorio~-allantolc membranes, when treated by freezing
and thawing, supplied reliable domplement fixing antlgens
although 1t was necessary to test all sera simultaneously
with normal membranes as a control. With such antigens the
white rat has been found to be a much more sultable laboratory
animal than the rhesus monkey. White rats are also advan-
tageous in being inexpensive and easily handled. The course

of infection in rats appears in many ways to resemble that
in man.

Complement fixing antibodies have been demonstrated in
man and in all animals tested with the exception of chlckense.

However, nonspecific reactions were frequently encountered,

particularly in man and the monkey. During'these experiments
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the nonspecific reaction was controlled by the use of normal
preparations of chorlo-allantolc membrane; however, alterna-
tlve or additional methods are available but have not as yet
been tried. Durling the prelliminary experiments wlth rabbit
brain antigens, the method of Casals and Palacios (19) of
inactivating antisera at 65 0 did noﬁ.increase the degree of
gpecific fixatione. This method might elimlinate many of the
nongpecific reactionsg encountered with human and other sera
with toxoplasmé antigens prepared from embryonlc egg tissuese.
De Boer and Cox (24) have succeeded in decreasing or removing
the nonspecific reactions from some virug gystems by ex-
traction of the complement fixing antigen with benzene. The

application of this procedure might enhance the value of toxo-

plasma complement fixation testse.

The results obtained by complement fixation reactlions
during these experiments have been in agreement with the
original hypothesis of Warren and Sabin (12), that the

'complement fixing antibody and the neutralizing antibody are
different entities. Complement fixing antibody tends to
decrease or disappear before the neutralizing antibodye.
Furthermore the complement fixing antlbody is not destroyed

by heating at 56 ¢ for 30 minutes,, but neutralizing antibody

is destroyed under such condltions.
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Because of the ease of preparation of toxoplasma
chorio-allantoic membrane antigens, and performance of the
complement fixation test with such antigens, the value of the
complement fixation reaction in epidemiological and diagnostic
studles should not be underestimated. This is particularly
true since a high complement fixation titer is much more
indlicative of recent or active infection than is the mere

presence of neutralizing antibodies.

SUMMARY :

Two strains of toxoplasma were successfully propagated
in the embryonated hen's egg. One strain represented a
well adapted laboratory strain; the other was nine animal
passages away from a fatal human case. Essentially the same
uniform resulis were obtained. Death occurfed in from
4 to 10 days after inoculation. Visible lesions were present

on the chorio-allantoic and ammiotlc membranes.

Titrations in mice revealed that the chorio-zllantoic
membrane, the embryo proper, and the yolk sac contalned
numerous parasites. The egg fluid titers were lower. The

chorio-allantoic membrane titers approximated those obtalna-

ble with the infected mouse braine.
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Comparative toxoplasma tltrations in chick embryos and

mice gave similar resgults.

The age of the fertlile egg, the temperature of incubation,

and the route of ilnoculation were important factors that were

investlgated.

The repeated passage of toxoplasma through eggs resulted

in no modification of their pathogenlicity for animalse.

Serum neutrallzation tests were successfully performed

in chick embryos.

Infected chick embryo tissues malntained viable parasltes
at 4 ¢ for considerably longer storage periods than dld in-

fected mouse brainse.

Infected chick embryo tissues, particularly the chorio-
allantoilc membrane, were rich sources for complement
fixation antigens. Sera from rhesus monkeys, white rats,
wild rats, pigeons, gulnea pigs, chickens, rabbits,. and
man were tested for complement fixing antibody. The white
rat was found to be a suitable and easily handled laboratory
animal for the serologlic study of toxoplasma. The results
obtained with human sera correlated well with those of the

serum neutralization test and with the known chlef clinical

findingse.
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