
THE AVIRULENCE OF THE CULTIVATED Y STRAIN OF TRYPANO- 
SOMA CRUZI IV — THE EFFECT OF IMMUNOSUPPRESSIVE

AGENTS IN MICE.

Humberto Menezes *

Antiprolifer ative drugs (Azathioprine and Methotrexate) were able to 
enhanoe a T. cruzi virulent infectkm  in mioe, but failed to induce evident in- 
fectibn in animais previously vaccinateã with the live PF strain of the same 
parasite.

Vinblastine (Vbl) had a similar effect w ith the virulent Y strain, but pro- 
moted the appearance of positive blood eultures in  animais vaecinated and 
treated previously w ith  the drug. Negative results are obtained if the immuno- 
supressive agent is used 15 days after the vaocine. The flagellates isolated 
from the vaccinateã Vbl treated mice remaineã avirulent for baby mice, after
i.p.  inoculation.

The im m unity induceã by the PF strain is probably sterile i. e. does not 
imply in the  persistence of a latent infection (premunition).

INTRODUCTION

Sincé we have described the avirulence 
of w hat we suppose to be a m utant (PF) 
of the “Y” strain of Trypanosoma cruzi, 
(Menezes 3> 4- õ), we have tried to demons- 
tra te  through several tests th a t  sueh avi
rulence was fixed and not due to environ- 
mental circumstances (Menezes 7> 8> 9; Me
nezes & Albuquerque 10) .

The observation of primary immune- 
depression in experimental trypanosomia- 
sis (Walker14; Camargo et al. J; Luckins2), 
viral (Squame et al.12; Zlotnik et al. lr>) 
and bacterial infections (Tripathy & Ma- 
ckaness 1!i) of animais treated with an ti
proliferative drugs, induced us to use such 
agents in mice vaccinated with T. cruzi 
PP strain.

With such experiments, we intended to 
produce further evidence of the avirulence 
of our T. cruzi live vaccine.

MATERIAL AND METHODS

1 — Sixty male albino mice with lOg 
of mean body weight were divided into six 
groups of ten animais each.

Four groups were treated subcutane- 
ously with 0,02 mg of é-amino-Nw-methyl 
pteroylglutamic acid sodium * (Mtx).

Three days later two of the four groups 
were vaccinated by subcutaneous route 
with 0.2 ml of a Saline suspension of T. 
cruzi, PF strain, cultivated for 8 days in 
liquid medium of Noller — (PF/Mtx 1 &

* M etho trexate  Sodium  — Lederle Laboratories.
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2). The estimated number of parasites in 
the inoculum was 14 x 106/ml, 60% taeing 
mobile forms and almost 4%, metaeyclic 
forms. One group received the same dose 
of the vaccine and became the control 
group (PF) . One group of the Mtx treated 
animais was infected, intraperitoneally, 
with blood forms of T. cruzi, Y virulent 
strain (Y/M tx), in a 5,000 parasites /g  body 
weight ratio.

One more group was infected as the 
preceding one, and kept as control of the 
infection (Y ).

Finally, the last group was only Mtx- 
treated, and m aintained as control of the 
drug (M tx).

Ali the animais of the different Mtx- 
treated groups received every 3 days, for 
a 15 day period, a subcutaneous Mtx injec- 
tion of 0.02 mg.

During the subsequent 15 days they re
ceived, every 3 days, 0.05 mg of the same 
drug.

Parasitem ia and mortality rates were 
recorded 8, 15 and 30 days after the Y 
inoculation and PF vaccination. The ani
mais of the PF/Mtx-1 group were sacri- 
ficed by exsanguination (heart p u nctu re ): 
5 after 15 days and the last surviving 3 
mice, on the 30th day. In  both cases ali 
the blood drawn from the animais was 
cultivated in W arren’s liquid medium for 
trypanosomes.

Fragments of several viscerae were fixed 
in 10% Formalin solution for histologic 
examination.

Ali the surviving animais of the PF/ 
Mtx2 group were killed and the blood cul
tivated for trypanosomes, 30 days after the 
vaccination.

2 — Sixty albino male mice, with lOg 
of body weight, were divided into six 
groups of ten each.

Four groups received intraperitoneally 
0,12 mg of azathioprine * (AZT). This 
treatm ent was pursued, daily, for 33 days.

The suspension of the drug was made 
in carboxy — methyl cellulose as reeom- 
mended by Okumura & Decourt11.

Two of the above groups (PF/AZT 1 
and 2), after three daily injections of AZT, 
were vaccinated by subcutaneous route

with 0.2 ml of a saline suspension of T. 
cruzi, PF strain, cultivated for 30 days in 
Packchanian medium.

The number of flagellates was about 2.5 
x 10°/ml with 50% of mobile forms and 
about 10% metaeyclic parasites.

One AZT treated group was infected 
with virulent T. cruzi, Y strain, (Y AZT) 
as in the previous experiment and the 
other AZT group was kept as control of 
the drug (AZT).

One more group was infected on the 
same day with the same dose and strain 
as the Y/AZT group and remained as the 
control of the virulent strain  (Y) .

The last group was injected sub-cutane- 
ously with 0.2 ml of the PF strain  saline 
suspension and kept as control of the vac
cine (PF) .

Four animais of the PF/AZT 1 group 
were sacrificed by exsanguination after a 
blood search for parasites, 8 days after 
vaccination.

The blood was cultivated in liquid me
dium for trypanosomes.

Five more of the same groupe were 
killed, after blood search for parasites, 15 
days following the vaccination.

Ali the blood removed by heart puncture 
was cultivated in Warren medium.

Five of the nine surviving mice of the 
PF/AZT2 group were bled to death  on the 
30th day of vaccination and the blood cul
tivated for trypanosomes.

The four remaining animais were sub- 
mited to xenodiagnosis until total exsan
guination and death (5 R. prolixus nymphs 
for each mice) .

Fragments of organs and tissues were 
saved from ali animais for histologic exa
mination.

3 — Seventy male albino mice with lOg 
of mean body weight were divided into 
seven groups of ten each.

Four groups received intraperitoneally 
O.Olmg of Vinblastine ** (Vbl) .

The treatm ent was continued by in 
jections of 0.02 mg, 0.03 mg and 0,06 mg, 
in the second, third and fourth week res- 
pectively.

Two of the Vbl-treated groups, three 
days after the first dose, were vaccinated 
with 0.1 ml of a saline suspension of T.

Im u ra n  — Lbs B urro u g h s W ellcom e do B rasil S/A.
* V elblan — E lli L illy do Brasil L tda .
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cruzi, PF strain, cultivated for 27 days in 
Fackchanian medium (PF/Vbl 1 and 2).

The vaccine had approximately 2 x 107 
parasites/ml with 40% mobile forms and 
about 4.5% metaeyclic forms.

One Vbl group was injected with 5,000 
parasites,/g body weight, of blood forms of 
the Y virulent T. cruzi (Y /Vbl). The last 
Vbl group was kept as control of the drug 
(Vbl) .

One group of non-treated animais was 
infected by the same virulent strain with 
an identical dose ( Y) .

One group received only the vaccine 
(PF) as the PF/Vbl group, and finally, the 
last non-treated non-vaccinated 10 mice 
were kept as norm al control (N), receiving 
weekly intraperitoneal injections of 0.2 ml 
saline solution.

Search for parasites in the peripheral 
blood was done 8, 15 and 30 days after the 
vaccination or infection in the animais of 
the groups PF/Vbl2; PF; Y and Y/Vbl.

The mice of the PF/Vbl 1 group also had 
parasite blood search 8 and 15 days after 
the use of the vaccine.

Five of these anim ais were sacrificed by 
heart puncture 8 days following the vac- 
cination, and the blood drawn was culti
vated in W arren medium.

The other five mice were killed in the 
same way 7 days later, i. e., 15 days after 
vaccination. Ali the PF/Vbl2 surviving 
animais on the 30th day of vaccination 
were bled and the blood was cultivated for 
trypanosomes.

The experiment was considered finish- 
ed 30 days after the vaccination and in 
fection, and ali surviving animais were 
killed and had  fragm ents of heart, liver, 
spleen, esophagus, lymph nodes and cen
tral nervous system saved for histologic 
examination.

4 — Seventy baby mice were divided
into seven groups of ten each: the group 
PF/Vbl 1 was vaccinated subcutaneously 
with 0.2 ml of a PF vaccine containing 2.7 
x 107 parasites ml, with almost 80% mo
bile forms and about 3% metaeyclic forms.

Fifteen days later the animais were 
treated  intraperitoneally, with weekly in 
jections of Vinblastine (Vbl) in successive 
doses of 0.05 mg and 0.1 mg.

Five days after the first Vbl injection 
a  blood search for trypanosomes was made

and after this, four mice of the group were 
bled to death and the blood cultivated in 
liquid medium.

Six days after the second Vbl injection 
the procedure was repeated in the remain- 
ing mice.

A similar group (PF/Vbl2) was vaccin
ated as the PF/Vbl 1 and treated 15 days 
later, intraperitoneally, with weekly injec
tions of Vbl in successive doses of 0.02 mg, 
0.05 mg, 0.07 mg and 0.1 mg, per mouse.

The surviving animais were killed by 
exsanguination on the 3rd day after the 
fourth and last Vbl injection.

The total blood was cultivated for try 
panosomes. Each animal of the Y group 
was infected with 2,500 (250/g) virulent 
blood forms of T. cruzi Y strain.

Parasitem ias were performed 8, 15, 20 
and 30 days after the infection.

The Y/Vbl group was infected as the Y 
grou.p and treated 15 days later with suc
cessive weekly intraperitoneal injection of
0.05 mg and 0.1 mg of Vbl.

Blood searches for parasites were done 
as for the preceding group.

Finally the  last group of the normal 
(N) animais received weekly intraperito
neal injections of saline solution (0.2 ml).

Ali blood cultures were examined after 
30 days of cultivation and when negative 
a t the usual microscopy, the medium was 
centrifuged and the sediment examined 
for trypanosomes.

The xenodiagnosis were equally exam
ined a t the 30th day.

The fragm ents of organs and tissues 
saved for histologic examination were fixed 
in 10% Formalin solution, imbedded in pa- 
raffine and the sections stained by hema- 
toxylin-eosin.

RESULTS

1 — As shown by Table 2 and Graph I 
the parasitem ia ,peak was attained in 
groups Y and Y/Mtx, 15 days after infect
ion, with the greatest parasitemia in the 
control Y group.

The m ortality ra te  was slightly higher 
among the Y/Mtx animais, a t the end of 
the  15th day, but was the same (100%) in 
both groups a t the end of the experiment 
(30th day) .

There were no signifieant differences, 
from the parasitological point of view, be- 
tween the two Y groups, but very impressive
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contrast as seen histologically. The num- 
ber of pseudocysts in the heart of the Y/ 
Mtx mice was higher than  in the Y ani
mais, and the inflammatory reaction was 
scanty as compared with th a t of this la tter 
group (Figs. IA e 2C) .

The immunodepressive activity of the 
drug could be documented by the great 
atrophy of the spleen and lymph nodes.

Ali the vaccinated PF and PF/M tx mice 
had negative blood cultures for trypano- 
somes (Table 1). The mortality ra te in 
both PF groups were 10% and 20% res- 
pectively, less than  in the control Mtx 
(40%) .

The histologic alterations in the two 
vaccinated groups were similar to those 
already described in PF vaccinated animais 
(Menezes5) .

Mice of the Mtx group presented heart 
and liver lesions similar to those seen in 
the vaccinated animais, but less frequen- 
tly.

2 — Tables 3 and 4 and Graph II give 
us a summary of w hat occurred with the 
AZT treated animais.

The parasitem ia and m ortality rates 
were much higher in the Y/AZT group 
than  in the Y mice a t the 8th day of in- 
fection.

The AZT and PF/AZT animais suffered 
the same m ortality rate while no animal 
in the PF group died.

Parasitemias and blood cultures were 
negative in both PF-AZT (1 and 2) and 
negative parasitemias were seen in the PF 
control mice.
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FIG U R E 1

A — M yocardium  — M ouse FR  60/9 — Y /M Tx 
D ied 17 days a f te r  in fe c tio n . Orig. 100 x.

B — Idem . — M ouse FR  60/7 — PF/M Tx2 
K illed  30 d .a .  v acc in a tio n . Orig. 100 x.

C — Idem . — M ouse FR  62/9 — Y/AZT 
Died 12 d .a . i .  Orig. 100 x.

D — Idem . — M ouse FR  62/8 — PF /A ZT  
K illed 15 d .a .v .  Orig. 100 x.

FIG U RE 2

A — M yocardium  — M ouse FR  64/1 — Y /V bl 
D ied 14 d .a . i .  Orig. 100 x.

B —■ Idem . M ouse FR  64/3 — P F /V bl-1  
K illed 8 d .a .v .  Orig. 100 x.
Blood cu ltu re  POSITIVE.

C — Idem . M ouse FR  62/3 — Y 
Died 17 d.a.i. Orig. 100 x.

D — Idem . — M ouse FR  62/1 — P F  —
K illed  30 d .a .v .  Orig. 100 x.
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The histologic iesion of the heart and 
liver of the Y/AZT animais (Fig 1 C) were 
less conspicuous th an  those seen in the Y 
mice, but we m ust point out th a t 60% of 
the animais of th a t group died before the 
9th day of infection, i. e. when the histo
logic lesions in general are not yet very 
impressive.

The animais of the Y/AZT group tha t 
died after this period presented lesions 
quite similar to those of the Y control 
grou.p with almost the same age.

The lymphoid organs of ali AZT-treated 
mice presented a pronounced atrophy, 
morphological evidence of the immune- 
suppressive effect of the drug.

3 — The experimental design of this 
experiment is shown in Tables 5 and 6 
and Graph III.

Animais treated simultaneously with 
Vbl and vaccine had positive blood cultu
res 8 and 30 days later, but the mortality 
ra te was only 10%, the same as the con
trol Vbl mice.

Histological examinations of the heart 
(Fig. 2 B), lung, liver, spleen, íymph no-

des, esophagus and central nervous system 
of those animais presented no evidence of 
infection.

A very im portant observation in the 
positive vaccinated cases was th a t the pa
rasites isolated from blood cultures, when 
inoculated in baby mice, were incapable 
of ,promoting infection even when the ino- 
culations were successive as shown in Ta- 
ble 7.

No vaccinated animais died during the 
30 days period while the mortality rate was 
100% among ali infected mice (Tables 5 
and 6).

The frequency of early mortality and 
parasitem ia was higher in the Y/Vbl than 
in any other group (Table 6. Graph III) .

4 — As shown by Table 9 and Graph 
IV, the animais vaccinated and treated 15 
days later with high doses of Vbl had ne
gative parasitemias and blood cultures, 5, 
13, 21 and 29 days after the first drug in- 
jection.

Fifty per eent of the PF/Vbl2 mice died 
(Table 9), but the control animais died in 
higher percentages (Table 11).
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T A B L E  1

Mice vaccinated and vaccinated and treated with Mtx

G roup Mouse

!
DAYS AFTER VACCINATION

O bservation

8 15 30

P arasites  
5 m m 3 
blood

Blood
C u ltu re

P arasites  
5 m m 3 
blood

Blood
C u ltu re

P a rasites  
5 m m 3 
blood

Blood
C u ltu re

1 0 0 ( - ) K illed  15 pv
2 0 0 (— ) K illed 15 pv

s 3 0 X X D ied 14 -pv
4 0 0 (— ) K illed 15 pv

+2
2 5 0 0 X 0 (— ) K illed 30 pv

6 0 0 X 0 (— ) K illed 30 pv
7 0 0 X 0 (— ) K illed  30 pv

fa 8 0 0 (— ) X X K illed 15 pv
9 X X X X X D ied 3 pv *

10 0 0 (— ) X X K illed 15 pv
1 0 0 0 (— ) K illed 30 pv
2 0 0 0 (— ) K illed  30 pv

« 3 0 0 X X Died 26 pv
x 4 0 0 0 (— ) K illed 30 pv
-p
a 5 0 0 0 (— ) K illed 30 pv
i 6 0 0 0 ( _ ) K illed 30 pv
i 7 0 0 0 (— ) K illed  30 pv

& 8 0 0 0 (— ) K illed 30 pv
9 0 0 X X Died 19 pv

10 0 0 0 (— ) K illed 30 pv

MEDIAN 0 0 0 * Excluded
M ortality 0% 0% 20%

1 0 0 0 K illed 30 pv
2 0 0 0 K illed 30 pv
3 0 0 0 K illed 30 pv
4 0 0 0 K illed 30 pv
5 0 X X D ied 10 pv

k 6 0 0 0 K illed 30 pv
7 0 0 0 K illed 30 pv
8 0 0 0 K illed 30 pv
9 0 0 0 K illed  30 pv

10 0 0 0 K illed  30 pv

MEDIAN 0 0 0
M ortality 0% 10% „ 10%
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No animais died in the vaccinated (PF) 
and norm al (N) group, during the days 
of the experiment (Tables 9, 11).

The degree of parasitem ia and the 
mortality rate in the Y/Vbl group were 
still, higher in general, th an  in the Y 
group (Table 10) .

COMMENTS AND CONCLUSIONS

With the aim of demonstrating th a t the 
PF strain  is a m utan t of the original Y 
strain th a t has lost its virulence for an i
mais, we tried several known parasitologic 
methods recommended to increase the vi
rulence of low-virulent trypanosome strains 
(Menezes7. s. 9. 10) .

Another way to approach the problem 
was simply to try to impair the immune

response of laboratory animais through 
well-known immunosuppressive agents.

The capacity of these drugs to enhance 
trypanosome infections has been demons- 
trated  by W alker11 in Trypanosome rhode- 
siense, Luckins2 in T. brucei and T. congo- 
lense, and by Camargo et al.1 in T. cruzi.

Prednisolone in very high dosages was 
not able to induce infection in mice vac
cinated with the live PF strain  (Mene
zes9) .

The occurrence of positive blood culture 
in animais treated with Vbl previous to the 
vaccination demonstrates th a t it is a more 
efficient immunosuppressive agent than  
the others already mentioned.

The sucessive negative inoculations of 
baby mice with the parasites isolated from 
the blood culture are, in our opinion, a
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T A B L E  2

Mice infected and infected and treated with Mtx

G roup M ouse

N um ber o f p a ras ite s  5m m 3 of blood

O bservationI

8

)ays a f te r  in fection  

15 30

1 3.360 3.570 Died 17 p . i .
2 2.275 X Died 15 p . i .
3 3.045 10.500 Died 17 p . i .
4 X X Died 7 p . i .
5 2.170 10.500 Died 16 p . i .
6 X X Died 1 p . i .  *
7 2.730 3.675 Died 26 p . i .
8 1.680 4.375 Died 19 p . i .
9 4.900 17.500 Died 16 p . i .

10 3.010 35.000 Died 17 p . i .
MEDIAN 2.870 10.500 — * Excluded
M ortality 11% 22% 100%

1 X X x Died 1 p . i .  *
2 3.045 4.025 D ied 17 p . i .
3 2.870 7.875 Died 20 p . i .

X+3 4 3.780 7.175 D ied 19 p . i .
3 5 17.500 X D ied 15 p . i .
1 6 2.590 X D ied 15 p . i .

>*
7 X X D ied 1 p . i .  *
8 X X D ied 4 p . i .  *
9 5.375 10.500 D ied 17 p . i .

10 2.445 4.375 D ied 17 p . i .

MEDIAN 3.045 7.175 X

M ortality 0% 28% 100% * Excluded
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very strong evidence of the avirulence of 
the PF strain .

The negative histologic findings rein- 
force this statem ent.

The Vbl acts u,pon the host but seems 
not to modify the parasite.

Our eonviction of the PP avirulence 
becomes stronger when we analise the re- 
sults of the last experiment.

When the immunosuppressive trea t
m ent is established after the immunologic 
induction period, the modified cells seem 
to be resistant to the action of the drug 
and able to destroy the parasites as de- 
m onstrated by the negative blood cultures.

Studies on a more efficient immuno- 
suppressor — ALS is in course and will be 
reported later.

RESUMO

Drogas imunossupressoras (Azathiaprina e Methotrexato) que se mostraram  
capazes de agravar infecções experimentais por Trypanosoma cruzi virulento 
(cepa Y )t em camundongos, não conseguiram favorecer o aparecimento de 
qualquer sinal de infecção em animais vacinados com a cepa avirulenta PF do 
mesmo tripanosoma.

Vinblastine, quando ãaão 3 dias antes da vacina, não favoreceu parasite- 
mias positivas nem mortalidade significativamente aumentada, mas induziu o 
aparecimento de hemoculturas positivas.

Os tripanosomas dessas culturas foram incapazes de infectar camundongos 
jovens. Quando o Vinblastine foi usado 15 dias após a vacinação dos animais, 
todos os testes foram negativos, inclusive as hemoculturas.
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T A B L E  3

Mice vaccinated and vaccinated and treated with AZT

G roup M ouse

DAYS AFTER VACCINATION

O bservation
8 15 30

P arasites 
5 m m 3 
blood

Blood
C u ltu re

P arasites  
5 m m 3 
blood

Blood
C u ltu re

P arasites 
5 m m 3 
blood

Blood
C u ltu re X eno

1 0 X 0 (— ) K illed 15 pv
2 0 ( — ) X X K illed 8 pv

£ 3 0 X 0 (— ) K illed 15 pv
fn 4 0 X 0 (—) K illed 15 pv
Cs] 5 0 (— ) X X K illed 8 pv

6 X X X X Died 6 pv
1 7 0 (—) X X K illed 8 pv

Ph
8 0 (— ) X X K illed 8 pv
9 0 X 0 (— ) K illed 15 pv

10 0 X 0 (— ) K illed 15 pv

1 0 0 0 X (— ) K illed 30 pv
2 0 0 0 ( — ) X K illed 30 pv

cg 3 0 0 0 X (—) K illed 30 pv
E_< 4 0 X X X X D ied 9 pv
N 5 0 0 0 X X K illed  30 pv
< 6 0 0 0 (— ) (— ) K illed 30 pv
1 7 0 0 0 (— ) X K illed 30 pv

h
&i

8 0 0 0 (— ) X K illed 30 pv
9 0 0 0 (— ) X K illed  30 pv

10 0 0 0 X (— ) K illed 30 pv

MEDIAN 0 0 Ú
M ortality 0% 10% 10%

1 0 0 0 K illed  30 pv
2 0 0 0 K illed 30 pv
3 0 0 0 K illed  30 pv
4 0 0 0 K illed 30 pv
5 0 0 0 K illed 30 pv

cu 6 0 0 0 K illed 30 pv
7 0 0 0 K illed 30 pv
9 0 0 0 K illed  30 pv
9 0 0 0 K illed 30 pv

10 0 0 0 K illed 30 pv

MEDIAN 0 0 0
M ortality 0% 0% 0%



T A B L E  4

Mice infected and infected and treated with AZT

G roup M ouse

N um ber c 

I

8

>f p a ras ite s  5 m m  

>ays a f te r  in fec tio

15

3 of blood 

n

30

O bservation

1
t
X X X Died 7 p . i .

2 X X X D ied 7 p .i .
3 8.750 2.835 X D ied 17 p . i .
4 10.500 X X D ied 11 p . i .
5 4.900 X X Died 12 p . i .
6 4.375 X X D ied 13 p . i .
7 5.505 X X D ied 11 p . i .
8 4.025 X X Died 14 p . i .
9 4.550 X X Died 11 p . i .

10 X X X Died 8 p . i .

MEDIAN 4.900 2.835 X

M orta lity 30% 90% 100%

1 X X X Died 7 p . i .
2 10.500 X X Died 12 p . i .
3 X X X Died 8 p . i .

H
Êsl 4 4.325 X X Died 10 p . i .
< 5 5.250 3.220 X D ied 19 p . i .
+ 6 X X X D ied 8 p . i .
í* 7 X X X D ierd 7 p . i .

8 X X X Died 6 p . i .
9 8.750 X X D ied 12 p . i .

10 X '  X X Died 6 p . i .

MEDIAN 7.000 3.220 X

M o rta lity 60% 90% 100%



T A B L E  5

Mice vaccinated and vaccinated and treated previously with Vbl

Group Mouse

DAYS AFTER VACCINATION

O bservation
8 15 30

P arasites  
5 m m 13 
blood

Blood
C u ltu re

P arasites  
5 m m 3 
blood

Blood
C u ltu re

P arasites  
5 m m 3 
blood

1 Blood 
C u ltu re

1 0 — K illed 8 pv
2 0 — K illed 8 pv
3 0 +  <*) K illed 8 pv

s
4 0 — K illed 8 pv

> 5 0 — K illed 8 pv
1 6 0 0 — K illed 15 pv

Ph 7 0 0 — K illed 15 pv
Ph 8 0 0 — K illed 15 pv

9 0 0 — K illed 15 pv
10 0 0 — K illed 15 pv

1 0 0 0 _ K illed 30 pv
2 0 0 0 _ K illed 30 pv
3 0 0 0 +  <**) K illed 30 pv

3
4 0 0 X X K illed 30 pv

> 5 0 0 0 — D ied 24 pv
+ 6 0 0 0 +  ( * * ) K illed 30 pv

7 0 0 0 +  ( * * ) K illed  30 pv
8 0 0 0 +  (**> K illed  30 pv
9 0 0 0 +  <**) K illed 30 pv

10 0 0 0 — K illed 30 pv
MEDIAN 0 0 0
M ortality 0% 0% 10%

1 0 0 0 K illed 30 pv
2 0 0 0 K illed 30 pv
3 0 0 0 K illed 30 pv
4 0 0 0 K illed  30 pv

ÊH
fc 5 0 0 0 K illed 30 pv

6 0 0 0 K illed  30 pv
7 0 0 0 K illed 30 pv
8 0 0 0 K illed 30 pv
9 0 0 0 K illed 30 pv

10 0 0 0 K illed  30 pv
MEDIAN 0 0 0 | i
M ortality 0% 0% 0% 1 1

(*) (**) — See T able 7



T A B L E  6

Mice infected and infected and treated with Vbl

N um ber o f p a ra s ite s  5 m m 3 of b lood

G roup Mouse Days a f te r  infection. O bservation

30 15 8

1 28.000 X X Died 12 p . i .
2 22.400 X X Died' 15 p . i .
3 X X X D ied 6 p . i .
4 21.700 X X D ied 13 p . i .
5 X X X D ied 1 p . i .  *
6 18.900 X X D ied 13 p . i .
7 21.000 1.050 X D ied 16 p . i .
8 44.800 X X D ied 9 p . i .
9 X X X D ied 1 p . i .  *

10 18.200 X X D ied 13 p . i .

MEDIAN
M ortality

21.700
12%

1.050
90%

X

100% * Excluded

1 46.900 X X D ied 14 p . i .
2 44.800 X X Died 13 p . i .
3 35.700 X X Died 13 p . i .
4 43.400 X X D ied 14 p . i .

i 5 44.800 X X Died 14 p . i .
<

6 35.700 X X D ied 14 p . i .
ã 7 52.500 X X Died 12 p . i .

8 48.300 X X Died 14 p . i .
9 44.800 X X D ied 14 p . i .

10 46.900 X X D ied 13 p . i .

MEDIAN
M otaU ty

44.800
0%

X

100%
X

100%



T A B L E  7

Mice inoculated with the positive blood cultures from the animais described in the Table 5

Group

Mouse 
Blood (*) 

Culture 
Positive

l st Inoculation

Material
Inoculated

2n<1 Inoculation

Material
Inoculated

3rd Inoculation

Mouse Parasit. 8th 
p. inoc.

Mouse Parasit. 8th 
p. inoc.

Mouse
30th p .i.

Parasitemi 

15th p. i .

a

8th p .i.

l-HrO 1 Centrifuged 1 —

'T s 2 — Blood 2 —
& w 3 3 — Serum 3 —

4 — (Pool) 4 —

3 1 1 1 _
5 2 — 2 — 2 — — —
6 3 — 3 — 3 — ' — —

rH 7 4 — Centrifuged 4 — Pool of 4 — — —
> 8 5 — Blood 5 — Total 5 — — —
1 S 9 6 —- Serum 6 — Citrated 6 — — —

fn Pool 7 — (Pool) 7 — Blood 7 — — —
Ph of(**) 8 — 8 — 8 — — —

12 tubes 9 — 9 — — —
10 -- 10 *——

*) To each was inoculated about 70.000 parasites
**) Age of the cultures =  30 days.



T A B L E  8

Mice Controls of the vaccine (PF) and Vinblastin (Vbl).

DAY AFTER VACCINATION

G roup Mouse

P arasites  
5 m m 3 
blood

15

P arasites  
5 m m 3 
blood

30

P arasites  
5 m m 3 
blood

O bservation

1 0 0 0 K illed 30 dpv
2 0 0 0 K illed 30 dpv
3 0 0 0 Killed 30 dpv
4 0 0 0 K illed 30 dpv
5 0 0 0 Killed 30 dpv
6 0 0 0 Killed 30 dpv
7 0 0 0 K illed 30 dpv
8 0 0 0 K illed 30 dpv
9 0 0 0 K illed 30 dpv

10 0 0 0 K illed 30 dpv

MEDIAN 0 0 0
M orta lity 0% 0% 0%

WEEKLY Vbl INJECTIONS

.o
>

M orta lity

1
2
3
5
4
6

7
8 
G

10

0,01 m g 0,02 m g

alive
alive

alive
died
alive

0% 10%

0,03 m g

alive

alive

10%

0,06 mg

alive

alive

10%

Killed
Died
Killed
Killed
K illed
K illed
K illed
K illed
Killed
K illed

30th day 
8th day 

30th day 
30th day 
30th day 
30th day 
30th day 
30th day 
30th day 
30th day



T A B L E  9

Mice vaccinated and vaccinated and treated 15 days later with Vbl

GROUP MOUSE

DAYS AFTER ls t Vbl INJECTION

OBSERVATION5 13 21 29

P arasites
5m m 3
Blood

Blood
C u ltu re

P arasites
5m m 3
Blood

Blood
C u ltu re

P arasites
5m m s
Blood

Blood
C ultu re

P arasites
5m m 3
Blood

Blood
C u ltu re

1 __ ___ K illed 5 d .p .  ls t  Vbl
»H 2 — — K illed 5 d .p .  ls t  Vbl

3 — — K illed 5 d .p .  ls t  Vbl
A 4 — — K illed 5 d .p .  ls t  Vbl
> 5 X X D ied 11 d .p .v .

1 6 — 1— K illed  5 d .p .  ls t  Vbl
7 — X X Died 5 d .p .  2nd Vbl

fo 8 — — — K illed 6 d .p .  2nd Vbl
Ph 9 — — — K illed  6 d .p .  2nd Vbl

1.0 — — — K illed  6 d .p .  2nd Vbl

.Q>

1
2
3
4
5
6
7
8 9

10

Died
K illed
Died
Died
K illed
K illed
Died
Died
K illed
KlUed

3 d .p .  
5 d .p .
3 d .p .  
2 d .p .  
5 d .p .  
5 d .p .
4 d .p . 
8 d .p .
5 d .p .  
5 d .p .

4th Vbl 
4th Vbl 
3rd Vbl 
3rd Vbl 
4th Vbl 
4th Vbl 
4th Vbl 
2sd Vbl 
4th Vbl 
4th Vbl

MEDTAN
M ortality

0
0%

0
10%

0
30%

0
50%

DAYS AFTER VACCINATION

CU

15 30 45
K illed
K illed
K illed
K illed
K illed
K illed
K illed
K illed

d .p .v .
d .p .v .
d .p .v .
d .p .v .
d .p .v .
d .p .v .
d .p .v .
d .p .v .

MEDIAN 
M orta1 ity

0
0%

0
0%

0
0%

0
0%



T A B L E  10

Mice infected with virulent y strain and infected with the same strain  and treated
15 days later with Vbl

GROUP MOUSE

PARASITES 5m m 3 BLOOD

OBSERVATIONSBefore Vbl A fter Vbl

8 days 15 days 5 days 10 days

1 560 12.600 8.680 X Died 5 days p o st 2nd Vbl
2 1.120 7.980 X X Died 3 d .p .  ls t  Vbl
3 2.380 15.680 X X Died 4 d .p .  ls t  Vbl
4 2.030 14.490 X X Died 4 d .p .  ls t  VblP

> 5 595 10.500 X X Died 4 d .p .  ls t  Vbl
| 6 3.780 27.020 X X Died 3 d .p .  ls t  Vbl

7 490 10.220 X X Died 3 d .p .  ls t  Vbl
8 1.575 13.440 X X Died 3 d .p .  ls t  Vbl
9 1.260 6.580 X X Died 5 d .p .  ls t  Vbl

10 2.590 16.800 X X Died 4 d .p .  ls t  Vbl

MEDIAN 1.417 13.020 8.680 X

M orta lity 0% 0% 90% 100%

DAYS AFTER INFECTION

8 15 20 30

1 2.590 18.200 X X Died 17 days p o st iníec.
2 1.680 4.760 4.760 X Died 23 d .p . i .
3 1.890 6.720 6.720 X D ied 25 d .p . i .
4 3.570 5.740 X X D ied 20 d .p . i .
5 1.330 7.840 2.800 560 D ied 30 d .p . i .

>* 6 4.135 15.260 X X D ied 18 d .p . i .
7 1.785 8.260 X X D ied 20 d .p . i .
8 1.680 12.320 X X D ied 20 d .p . i .
9 910 14.980 X X D ied 19 d .p . i .

10 630 13.160 X X D ied 20 d .p . i .

1.737 10.290 2.800 560
MEDIAN 0% 0% 70% 100%
M orta lity
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T A B L E  11

Animais Controls of the experiments described in the Tables 7 and 8.

DAYS AFTER ls t  INJECTION Vbl

GROUP MOUSE OBSERVATION
5 is 21 29

1 alive alive alive dead Died 2 days po st 4th Vbl
2 » ” alive K illed 5 d .p .  4th Vbl
3 »» » ” dead Died 2 d .p .  4th Vbl
4 ♦> 99 dead X D ied 5 d .p .  2nd Vbl

s 5 >9 alive dead Died 4 d .p .  4th Vbl
> 6 ” alive K illed 5 d .p .  4th Vbl

7 99 ” dead D ied 2 d .p .  3rd Vbl
8 »» i> ” ” D ied 4 d .p .  3rd V bl'
9 n 99 99 ” D ied ; 3 d .p .  4th Vbl

10 M ” K illed 5 d .p .  4th Vbl

M ortality 0% 0% 10% 70%

DAYS AFTER ls t  SAXjINE SOL. INJECTION

1 alive alive alive alive K illed 5 days p o st 4 th in j.
2 *» ” » M K illed 5 days p o st 4th in j.
3 ” ” ” »» K illed 5 days p o st 4th in j.
4 ” 9) K illed 5 days p o st 4th in j.
5 ** ” K illed 5 days p o st 4th in j.
6 ” ” K illed 5 days p o st 4th in j.
7 ” ” ” K illed 5 days p o st 4th in j.
8 ” ” ” » K illed 5 days p o st 4th in j.
9 ” ” ” M K illed 5 days p o st 4th in j.

10 ” » 9» J» K illed 5 days p o st 4th in j.

M ortality ore 0% 0% 0%
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