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ESSAYS ON IMMUNIZATION OF MICE WITH ULTRAVIOLET
RADIATED VIRULENT AND AVIRULENT CULTURE FORMS OF
TRYPANOSOMA CRUZI

Humberto MENEZES (1)

SUMMARY

Under our experimental conditions, ultraviolet radiation was unable to reduce
the virulence of the virulent cultivated Y strain of the Trypanosoma cruzi.

Trypanosomes from virulent and avirulent strains when killed by long-wave
ultraviolet rays have no protective effect on mice against challenge.

The presence of live parasites, virulent or avirulent, seems to be essential

to obtain immunological protection.

While the injection of virulent cultivated T'. cruzi, before challenge, gives high
parasitemia and mortality to mice, that of the avirulent PF strain produces neither

parasitemia nor mortality.

INTRODUCTION

Attempts to immunize laboratory animals
with “vaccines” composed of trypanosomes
killed by physical means have increased
recently (Cappa et al.?, CHIARI et al.?,
GoBLE °, SANDERS 2°, StuBBS et al. 22) on the
assumption that the parasites killed in this
way better retain their antigenic capacity,
being able to induce efficient protection in
the mammal hosts, against challenge.

Sarro ¥ in 1927 studied the morphologic
alterations produced in Trypanosomea gam-
biense and Trypanosoma equiperdum by
ultraviolet radiation. COLLIER et al. * in 193]
verified the appearence of antigenically
different forms of Trypanosoma brucei after
radiation with a lamp of tungsten and mercury.

In 1934 and 1939, LevapiTi et al. %
studied the influence of ultraviolet rays on
the virulence of Trypanosoma ecvensi and
Trypanosoma brucet, respectively.

On the basis of these observations and in
the hope of obtaining an easy and inexpensive
way to produce an efficient “vaccine” with

killed Trypanosoma cruzi, we performed the
present experiments.

MATERIAL AND METHODS

A — Thirty male albino mice with 10 g
of body weight were divided into three groups
of ten animals, each.

The mice were from the same strain and
were maintained on the same nutritional and
environmental conditions.

As “vaccine”, a suspension of the virulent
Y strain of Trypanosoma cruzi, after the 12
passage in NOELLER *" culture medium was
used. The culture was 8 days old.

The flagellates were centrifuged and washed
several times in saline solution until the
supernatant was clear.

The final suspension had a concentration
of 3 x 107 parasites/ml, with about 909% of
live parasites, almost 2.59% being metacyclic
forms. "

(1) U.S.P. Departamento de Patologia. Faculdade de Medicina. Ribeirdo Préto, Sdo Paulo, Brasil
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A.1 — In a staining dish with 45 mm of
diameter 3 ml of the above suspension were
placed, being later radiated by a long wave

ultraviolet ray lamp ¥, at a distance of 10 c¢m,

for 30 minutes.

After the radiation only 50% of the fla-
gellates had movement. Into each of ten
mice of the first group, 0.2 ml of the 30
minutes-radiated “vaccine” was injected by
sub-cutaneous route.

A.2 — Three ml of the initial suspension
of the virulent 7. cruzi were radiated in the
same manner for 60 minutes.

After the radiation the number of live
parasites was about 40%. Ten more mice
were “vaccinated” with the same dose by the
same route. ’

A.3 Ten animals used as controls
received identical doses but of the initial
non-radiated suspension of trypanosomes.

Parasitemia by the Pizzi & BreNer®
technique was done 8 and 15 days after the
“vaccination” (Table I).

The animals were observed until the 30%
day, but parasitemia was not performed at
this time.

B — Forty albino mice with the same
characteristics as the aforementioned were
divided into four groups of 10 animals each.
The “vaccine” used was a saline suspension
of the cultivated virulent Y strain, treated
as described below.

The culture was 8 days old anid the medium
employed was that of NOiLLER'". The sus-
pension of trypanosomes had 3.3 x 107 pa-
rasites/ml with about 999% of mobile fla-
gellates and 2.59% of metacyclic. forms,

B.1 — From the suspension above, 3.5 ml
were mixed with 3.5 ml of a tetracycline
solution ** corresponding to 50 mg of the
substance. Afterwards 2.5 ml of that suspen-
sion was placed in a staining dish with 45
mm diameter and radiated from above, at a
distance of 20 cm, with the same ultraviolet
lamp. '

After the radiation 1009 of the parasites
had lost their motility. A culture in Warren’
liquid medium proved that they were all
killed. Into each of the 10 mice of the first

523

# Black-Ray long-wave U.V. — Mod. B 100.
U.S.A.

*% Tetralysal, Carlo Erba

group of this series, 0.1 ml of this radiated
“vaccine” was injected by sub-cutaneous route.

B.2 — To 3.5 ml of the initial suspension
3.5 ml of a 1/10,000 Acridine Orange so-
lution was added. This was prepared with
the buffer solution of Michaelis at pH 6,5.

Uliraviolet radiation by the same method
used in the previous sample was applied to
this one.

Microscopic examination and culture in
Warren’s medium demonstrated that all the
parasites were killed.

Each mouse of a second group of 10
received, by sub-cutaneous route, 0.1 ml of
this “vaccine”.

B.3 — To each mouse of the third group
of 10, 0.1 ml of the initial, non-radiated sus-
pension was injected by the same route.

Parasitemia by the Pizzi & BRENER* tech-
nique was done to each animal of the above
mentioned three groups, on the 8% and 15%
day of the “vaccination”.

B.4 — Eight weeks later all the surviving
animals of the 3 previous groups plus 10
more mice, kept as controls, were injected
with blood forms of the virulent Y strain of
the Trypanosoma cruzi (5,000 parasites/g
body weight). Parasitemia was determined
8,15 and 30 days after the infection.

C — Forty six male albino mice from the
same origin of the preceding groups, with
10 g of body weight, at the beginning of the
experiment, were divided in four groups: 3
with nine animals each, and one control group,
with 19 mice. The cultivated avirulent PF
strain (a probable mutant of the cultivated
Y strain) that has been already described,
(MENEZES °-1%) was used as ‘““vaccine” in this
series.

The flagellates came from a 29 days old
culture in PACKCHANIAN *® medium.

The initial saline solution suspension con-
tained about 3.3 x 107 parasites/ml with
almost 80% of mobile flagellates and 109% of
metacyclic forms.

- C.1 — Two and a half ml of the above
suspension were placed in a staining dish of
45 mm diameter and radiated from above for
30 minutes with the same long-wave ultraviolet
lamp, from a distance of 10 cm. After the
radiation -the number of irypanosomes with

Ultraviolet Products Inc. San Gabriel, California,
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motility was about 209%. Into each mouse
of the first group of nine, 0.2 ml of this
radiated “vaccine” was injected by sub-cuta-
neous route. '

C.2 — Under identical conditions, 2.5 ml
of the initial suspension of the avirulent
trypanosomes were radiated for 60 mirutes.

After this time, only 109% of the flagellates
were alive.

Nine mice of the second group each received
0.2 ml of this “vaccine” by the same route.

C.3 — A similar “vaccine” was obtained
by radiating 2.5 ml of the initial trypanosomes
suspension for 240 minutes. At the end- of
the radiation all the parasites were killed, as
confirmed by a culture in liquid WagrreN 28
medium.

The animals of the last group of nine were
“vaccinated” as were those of the previous
groups. A search for parasites by thick blood
drop, was made on, each animal of the 3

groups on the 8™ and 15% day after ‘“vacci-
nation”.

Four weeks after the immunization all
the “vaccinated” animals plus the 19 controls

" were infected, by intra-peritoneal route, with

virulent blood forms of the Y strain of the
Trypanosoma cruzi, obtained from mice on
the 8" day of infection.

Parasitemia was measured on the 8, 15t
and 30" day afier the challenge.

RESULTS

The resulis are summarised in Tables I,
Il and III and in Graphs I, II and III.

A) Live virulent cultivated trypanosomes
when radiated for 30 or 60 minutes show no
significant differences in parasitemia and
mortality rates when compared with the control
animals.

TABLE I

Mice “vaccinated” with radiated virulent Y strain but not challenged

Number of parasites/5 mms3 of blood
Days after “vaccination” with radiated virulent strain
‘Mice no Controls
UV 30 m UV 60 m
8 15 30 8 15 30 8 15 30
1 14,000 3,570 —_ 17,500 —_— — 17,500 4,375 v
2 10,500 1,225 v 10,500 3,675 v 7,525 4,935 —
3 3,780 1,190 — 7,175 2,520 - 10,500 7,875 —
4 10,500 1,185 A% 14,000 2,940 —_ 14,000 _ —
5 14,000 1,435 \' 10,500 8,575 - 14,000 3,675 —
6 10,500 2,240 v 10,500 10,500 - 17,500 6,125 —
7 17,500 1,575 v — — — 17,500 3,080 —
8 17,500 4,375 v 10,500 — — 10,500 1,820 —
9 14,000 3,080 —_ 7,700 4,025 v 14,000 2,940 v
10 17,500 4,375 v 14,000 3,290 — 10,500 — —
Mean 12,978 2,435 11,375 5,075 13,352 4,353 —_
Median 14,000 1,907 10,500 3,675 14,000 | 4,026
. %
Mortality o 0 30 10 30 80 0 20 80
— Dead
V = Alive, no parasitemia done
m = minute

312



eruroyseIed JSI[f oY) 9JOJO PUE oSUSIIRYD JoiTe perad  +

peiq —

313

m | | £yrrelion
oL A o% o1 1 \ 0 \ 0 ‘ z9 | zr 0 18 | er 0 o1 o1 0z 0% 0z 0z ‘ %

| q | | . |
0 ' TILG | 0Z6'T 0 0 7 0 _ﬁ 0 _ 0SL'T SL9'® ] ﬁ SP9'T | 08¢ || O6F 065 0 0 0 0 UeIPII

] ‘ ‘ A

0 ’ LyLT | ohe's 0 0 \ 0 | 0 08L9 | 8Pe¥ 0 A 020‘e ,7 oLz'e 909 092 0 0 0 0 ugsn
- — 00S°LT + + + - g03'% 08Le + + + 0S0°T 080'2 0 0 - - ot
0 088C | SL8'L 0 0 0 0 00L 0gb‘e - 0SL‘T | O0LTT OLL c6T'e 0 0 0 0 6
- G06C | g83'¢ 0 0 0 0 06T'T GL8L - 019'8 gro'e 08% G¥0°g 0 0 0 0 8
- — 0z6'e + + + - 000°GE . 0L5°€ - SPO'T GLE'Y 688 089'T 0 0 0 0 L
0 065 | 0¥6'C + + + + + o+ - — oLg's <08 gL9'e - - 0 0 9
- S8%'% | Go0Y - 0 0 + + + - 08T | GL9'S 6% SPO'T - - 0 0 g
- 062'€ | 099T + + + - g98's | 0BG + + |+ — — 0 0 - - ¥
0 ce8'C | SL6'T 0 0 0 0 0S0'T 0g%6'e - 0e8% gro'e G08 076 0 0 0 0 g
- — —_ 0 o 0 - — 02%‘e - G98'T | 08LG 0z¥ 0L%'T 0 0 0 0 z
- — 00L'L 0 0 0 - 0SLT 0¥6 0 0T9'T | 0.8 (€554 068C 0 0 0 0 T
0g et 8 0g ar 8 08 ST 8 og 1 8 ar 8 ST 8 cr 8

el oanymo “a1p oA ‘A'n + oeneL aIn3mo “arA oSumio vy | A+ owmar

— ‘ou 90T

o3usireyo J911e sfeq

LUOTIRUIdIRA,, JolTe sfeq

Poolq JOo gwwr G/s9jisesed JOo JoqUINN

90UBISUNS JUSISIIONTT UM UWINIPSW Ul UIRLIS X JUSINIIA DOJRIPRI UM DPIJRUIIIBA, OO

IT E71dV.L



MENEZES, H. — Essays on immunization of mice with ultraviolet radiated virulent and avirulent cul-

Rev. Inst. Méd. trop. Sdo Paulo 12:310-319, 1970.

ture forms of Trypanosoma cruzi.

4] G 0 4% T 0 0 0 0 0 ] 0 L1110 %
0 00%'T S09°e 4] G69'T ovo'e (4] jeics QLT ] oL Gg uerpoN
T 25084 0LP'S L £8G°T 0L6'S L 99 06T 0 03T 98T UeaW
— 08g'T 00€°9 , 61
— 089'T gge's 8t
— GE8'T GTLY N AN
— SP9'T SZ0p 9T
0 099'c SZ0P GT
— o0Ls‘s 0LG'e i4»
oL OLY'T SH0's €T
0 G80'T G708 f4 8
- 088% 099'C T
ce S8LT S8LT ot
— - GLO'LT — 06T‘T 05%'g 0 0 0 ] oL et 6
— OFT GETOT —_ 08LT 081 0] <0T GLT 0 ag 0 8
— 06T‘T 08L0T 0 0Z8T G8T'S 0 <g oL 0 01g GO0T L
_ 080°0T GET'6 — 9L6'C 08LG 4] 082 cge 0 qg (A 9
0 GOT G09'e 1) GZ6S - 065G qe 0 0 0 oge 004 g
0 S64 008‘c 0 ag8L'T Gggg'e jetss Ge 544 0 SOT 0 4
0 oLL ST6'T <g 0T9'T 0v9'e 0 e 0 0 oL 0 €
0 STO'T 00%‘T —_ — owo,:m 0 Gcg are 0 [tign qe 4
0 082 98T 0 086 SoL'Y 4] oL GTs 0 oL 082 T
sfep 0f s&ep gT sfep 8 sdep 0¢ sfep GT sdep 8 sfep Og sfep ST sdep 8 sAep 0g sfep gr sAep 8§
; w 0%C AN w 09 ‘AN w 08 "An
STOIIUOD) ou 3TN
a3usireyo

Jd17e sheq

poorq Jo gwur g/s9jisered JO JoQUINN

JAd Ulel)s JUSINJIIA-UOU DPS8JRIPERI UYIIM ,DOIBUIIIRA,, 9OIIN

ITIT 3§19V L

314



MENEZES, H. — Essays on immunization of mice with ultraviolet radiated virulent and avirulent cul'—v
ture forms of Trypanosoma cruzi. . Rev..Inst. Med. . trop. Sdo Paulo 12:310-319, 1970.

One exception was found in the 30 minute-
radiated group with regard to the mortality
rate. On the 30*" day this rate was only 30%
while in the 60 minute-radiated group and
in the control it was 80%. We have no
explanation at present for this difference. By
virtue of the very high parasitemia presented
by all the animals of this series we did not
challenge it. C

B) The addition of a fluorochrome to
the trypanosoma suspension before radiation,
which has already been observed by LEvaDITI
et al.® to promote the reduction of the viru-
lence of Trypanosoma brucei, kills all the
virulent Trypanosoma cruzi and affords no
protection to the animals injected with the
dead parasites. Protection against challenge

was obtained only with the virulent non-
radiated culture that gave a high parasitemia,
i.e., infected the mice (Table II).

C) The ultraviolet radiation does not
alter the protective effect of the avirulent
“vaccine” since some percentage of live try-
panosomes were present in it. Radiation for
240 minutes killed all the f{lagellates and
abolished the protective action of the “vac-
cine”.

DISCUSSION AND CONCLUSIONS
In spite of having an efficient live avirulent
“yaccine” in laboratory animal (MENEZES ®-

1} we think the ideal would be to have the
same protection with killed parasites.
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used in an attempt to obtain efficient “vacci-
ne” against trypanosome infections, all with
negative results,

Ultraviolet radiated trypanosomes have
been used to observe morphologic alterations
(LEvADITI et al. 7+ 8, SarTo %) loss of virulence

(Corrier ¢, STUBBS et al. 22, EMMET ®), but
not, to our knowledge, as a means of obtaining
a “vaccine”. :

Our results have shown that under the
experimental conditions * described, the ul-
traviolet radiation was unable to reduce the
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Stimulated by the work of GoBLE® who
reports good results with untrasonicated try-
panosomes, of SENECA ** who isolated a lipo-
polysaccharide fraction from the T'. cruzi with
good antigenic activity, and those of Cappa

et al. ? using as “vaccine” trypanosomes killed
by high pressure, I tried this experiment with
ultraviolet radiation.

Roentgen rays (SANDERS ?°) and Gamma
radiation (CHIARI et al. ) have been already

GRAPH II
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virulence of a virulent strain of Trypanosoma
cruzi, that the injection of virulent or avirulent
parasites killed by U.V. radiation does not
confer any protection on mice against challen-
ge and that this protection is achieved only
when a certain number of virulent or avirulent
trypanosomes are present in the innoculum.

The virulent flagellates always gave patent
parasitemia with high degree of mortality
(Tables 1, II), while the avirulent PF strain
confirms its ability to protect laboratory ani-
mals without producing a detectable infection
(Table III, Ghaph I1I).

RESUMO

Tentativa de imunizacdo de camundongos com
formas virulentas e avirulentas de Trypano-
soma cruzi submetidas & radiagio uliravioleta

Nas condicBes experimentais descritas, a
radiagdo ultravioleta se mostrou incapaz de
reduzir a viruléncia de formas de cultura, vi-
rulenta, da cepa Y do Trypanosoma cruzi.

Os tripanosomas tanto da forma virulenta
(Y) como da avirulenta (PF) quando mor-
tos pela radiacdo perdem seu efeito protetor
sdbre os camundongos, contra ulterior in-
fecgéo.

A presenca de parasitas vivos, virulentos
ou avirulentos, parece ser essencial para obter
a prote¢do imunoldgica.

As formas virulentas quando injetadas com
objetivo profilatico produzem sempre alta
parasitemia e elevada mortalidade enquanto
a forma nao virulenta (PF) nfo produz nem
parasitemia nem mortalidade.

REFERENCES

1. BRENER, Z. — Contribuicdo ao estudo da
terapéutica experimental da Doenca de Cha-
gas. Tese. Belo Horizonte, Faculdade Farm.
Odont. Univ. Minas Gerais, 1951.

2. CAPPA, S. M. GONZALEZ; SCHMUNIS, G.
A.; TRAVERSA, O. C.; YANOVSKY, J. P. &
PARODI, A. S. — Complement-fixation tests
and experimental immunization with antigens
of T. cruzi prepared under pressure. Amer.
J. Trop. Med. & Hyg. 17:709-715, 1968.

3. CHIARI, E.; MANSUR NETO, E. & BRENER,
7. — Some effects of Gamma-radiation on
Trypanosoma cruzi, culture and blood forms.

318

o

10.

11.

12.

13.

14.

15.

Rev. Inst. Med. trop. Sdo. Paulo 10:131-137,
1968.

COLLIER,- W. A. — Versuche iiber den
Einfluss der Bestrahlung auf Trypanosomen
und Bakterien. Z. Hyg. Infektionskr. 112:

T 724-731, 1931.

EMMENT, J. — Effect of X-radiation on Try-
panosoma cruzi. J. Parasit. 36:45-47, 1950.

GOBLE, F. C. — Experimental immunology.
8th Int, Cong. Trop. Med. & Malaria. Abstracts
& Reviews p. 366, Teheran, 1968.

LEVADITI, C.; VAISMAN, A. & PAIC, M. —
Dissociation des fonctions de mobilité et de
reproduction chez les spirochétes et les Try-
panosomes au moyen du rayonnement total
de la lampe a mercure. Comp. Rend. Soc.
Biol. 117:357-361, 1934.

LEVADITI, C.; LE-VAN-SEN & REINIE, L.
—- Ultravirus et fluorescence. Comportément
a Yégard du raynnement ultraviolet en
millieu fluorescent (Trypanosomes, bactéries,
enzymes). Comp. Rend. Soc. Biol. 131:480-
482, 1939.

MENEZES, H. — Protective effect of an
avirulent (cultivated) strain of Trypanosoma
cruzi against experimental infection in mice.
Rev, Inst. Med. trop. SGo Paulo 10:1-4, 1968.

MENEZES, H. — The effect of phenolated
“yaccines” against experimental “Trypanoso-
ma cruzi” infection in mice. Rev. BSoc.

Brasil. Med., Trop. 2:59-66, 1968.

MENEZES, H. — Active immunization of
dogs with a non-virulent strain of Trypa-
nosoma cruzi. Rev. Inst. Med. trop. Sdao
Paulo 11:258-263, 1969.

MENEZES, H. — Active immunization of
mice with the avirulent Y strain of Trypa-
nosoma cruzi against heterologous virulent
strains of the same parasite. Rev. Inst. Med.
trop. Sdo Paulo 11:335-342, 1969.

MENEZES, H. — Imunizacfio de camundon-
gos com “vacina” viva avirulenta de Try-
panosoma cruzi., I — Ensaio de avaliacédo
do menor inéculo eficiente. Rew. Soc. Brasil.
Med. Trop. (In press).

MENEZES, H. — Imunizacdo de camundon-
gos com “vacina” viva avirulenta de Try-
panosoma cruzi. II — Ensalo de avaliacao
do tempo de eficdcia da “vacina”. Rew. Soc.
Brasil. Med. Trop. (In press).

MENEZES, H. & ALBUQUERQUE, R. D. —
Imunizacio de camundongos com “vacina”
viva avirulenta de Trypanosoma cruzi. IIL
— Variacdo do meio de cultura. Rew. Soc.
Brasil. Med. Trop. (In press).



MENEZES, H. — Essays on immunization of mice with ultraviolet radiated virulent and avirulent cul-

ture forms of Trypanosoma cruzi.

Rev. Inst. Med. trop. 8SGo Paulo 12:310-319, 1970.

16.

17.

18.

19.

20.

MENEZES, H. — Imunizacdo de camundon-
gos com “vacina” viva avirulenta de Try-
panosoma cruzi. IV — Ensaio de esquemas
de “vacinacdo”. Rew. Soc. Brasil. Med. Trop.
(In press).

MOLLER, W. — Blut und Insektenflagellaten
Zichtung auf Platten. Arch. Schiffs. wu.
Tropen. Hyg. 21:53-94, 1917.

PACKCHANIAN, A. — On the cultivation of
seven species of Trypanosomes in wiiro.
Science 80:407-408, 1934.

studien {ber

SAITO, M. — Cytologische

Trypanosomen, bsd. liber die Einwirkung von .

verschiedenen Heilmitteln, Rétgen und ul-
travioletten Strahlen auf Trypanosomen.
Fukuoka-Tkwadaigaku-Zasshi 20:52-54, 1927.

SANDERS, A. & WALLACE, F. G. — Immu-
nization of rats with irradiated Trypanosoma
lewisi. Exp. Parasit. 18:301-304, 1966.

21.

22.

23.

SENECA, H. — Current status of immuniza-
tion of laboratory animals with 7. cruzi
lipopolysaccharide. 8th Int. Congr. Trop. Med.
& Malaria. Abstracts & .Reviews p. 367.
Teheran, 1968.

SUBBS, R. K.; BOBALIK, G. & ERCOLI, N.
— Effect of X-ray radiation on Trypanosomd

equiperdum in vivo and in wvitro. J. Infect,
Dis. 102:35-43, 1958.
"WARREN, L. G. — Metabolism of Schizo-

trypanum cruzi, Chagas. I — Elfect of cul-
ture age and concentration on respiratory
rate. J. Parasit. 46:529-539, 1960.

Recebilo para publicacdo em 29/1/1970.

319





