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TRYPANOSOMA CRUZI :
Attenuation of virulence by culture in tissues’.

S. URDANETA-MORALES*

SUMMARY, Trypomastigotes of the ‘Brazil’ strain of Trypanosoma cruzi were cultured in Vero
and fish (Pimephales promelas) cells at 30 and 37 C. Those harvested from 37 C Vero cell cultures
killed all inoculated C4H mice no matter how long the cultures had been maintained. Those
harvested from 120-day 30 C Vero and fish cultures killed only 1 out of 10 mice each, indicating
attenuation of virulence. When the surviving mice were later challenged with Vero-cultured
trypomastigotes known to be lethal to controls, only 2 of the 18 animals developed even light
parasitaemias, indicating previous immunization by the attenuated parasites. Varying the
number of attenuated trypomastigotes cultured at 30 C for 30 days at most delayed the rise of
parasitaemia. Possible mechanisms of these phenomena are discussed.

Trypanosoma crusi : atténuation de la virulence en culture de tissus.

RESUME. Des trypomastigotes de la souche « Brazil » de Trypanosoma cruzi ont été cultivés
sur cellules Vero et de poisson (Pimephales promelas) & 30 et 379 C. Ceux récoltés des cultures
Vero, 4 37° C, ont tué toutes les souris CyH inoculées, indépendamment de la durée des cultures.
Ceux récoltés apres 120 jours a 309 C, de cultures Vero et de poisson ont tué seulement 1 souris
sur 10 dans chaque cas, indiquant une atténuation de la virulence. Quand les souris survivantes
ont été soumises plus tard aux trypomastigotes cultivés en Vero, connu pour étre léthal aux
contréles, 2 seulement des 18 survivantes ont présenté de légéres parasitémies, révélant une
immunisation préalable par les parasites atténués. En variant le nombre des trypomastigotes
atténués, cultivés a 300 C pendant 30 jours, la croissance de la parasitémie a été tout au plus
retardée. Des mécanismes possibles de ces phénoménes sont discutés.

Introduction

Since control of the vectors of Chagas’ disease is difficult, and since chemo-
therapy against Trypanosoma cruzi is as yet ineffective (Gutteridge, 1976), efforts
toward immunization are being made ; it appears that living flagellates are the most
effective antigens (Menezes, 1976).

The present work describes the protective effects of a strain of T'. cruzi attenuated
by culture in cells from a homoiotherm and a poikilotherm (monkey and fish).
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Materials and methods

Parasite : the ‘Brazil’ strain of T. cruzi (Roberson ef al., 1973) maintained by
i.p. blood inoculation at 15-day intervals into CF, female mice, 3-4 weeks old (Car-
worth Farms, Portage, Mich., USA).

Cell lines : Vero fibroblasts and epithelial cells of the fish Pimephales promelas
(both from American Type Culture Coll.,, Rockville, Ma., USA). They were cultured
in 75 cm? Falcon flasks, at 37 and 30 C respectively, by the technic of Hanson ef al.
(1976).

Infection of tissue cultures : week-old monolayers of Vero cells were inoculated
with mouse blood containing 1 x 10% trypomastigotes, and incubated at 37 C. After
24 hr, the blood was discarded, the cultures washed several times with fresh medium,
and then maintained at 37 C, with medium changed thrice weekly.

After 2 weeks, the parasites in the pooled supernatants of the flasks were concen-
trated by centrifuging under refrigeration at 8,000 g for 10 min, and were then washed
3 times with fresh medium in the same way.

Of these parasites, 1 x 108 were seeded into Falcon flasks containing week-old
cell monolayers, 4 each with Vero cells and fish cells. Two flasks of each type were
incubated at 37 C and 2 at 30 C. Medium was changed 3 times weekly, and the
relative numbers of amastigotes and trypomastigotes present was determined from .
thick Giemsa-stained smears by the technic of Hanson & Roberson (1974). Cultures
were maintained until phase microscopy showed signs of deterioration. The cultures
were lavishly washed with fresh medium at each change to inhibit extra-cellular
development of 7. c¢ruzi to the amastigote, and later, epimastigote stage (Kamura
et al., 1978).

For long-term study of 7. eruzi in culture, a further 8 flasks were inoculated
and maintained exactly as above. Every 2 weeks, the parasites were harvested as
above, and a new set of cultures inoculated with 1 x 10° trypomastigotes each from
the preceding culture.

Infections of mice with cultured trypomastigotes : each of the following experimental
groups consisted of 10 female C;H mice, 4-5 weeks old (Flow Lab., Dublin, Va., USA).

Each i.p. inoculum contained 5 ¢ 10* trypomastigotes that were harvested as
follows :
1 - from Vero cell culture, 30 C, 45 days in culture ;
2 - from Vero cell culture, 37 C, 45 days in culture ;
3 - controls — from CF; mouse with high parasitaemia ;
4 - from Vero cell culture, 30 C, 120 days in culture ;
5 - from fish cell culture, 30 C, 120 days in culture ;
6 - controls — from Vero cell culture, 37 C, 300 days in culture.

Thick Giemsa-stained smears of tail blood from each mouse were made beginning
3 days postinfection, and 3 times weekly thereafter for evaluation of the parasitae-
mia, continuing until it disappeared or the animal died.
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Test of acquired tmmunity : the surviving mice from groups 1, 4 and 5 were
challenged by i.p. inoculation of 5 x 10% parasites harvested from the Vero 37 C
10-month culture. Group 1 was challenged 2 months after disappearance of parasi-
taemia (3 months postinfection). Groups 4 and 5 were challenged 3 months after
disappearance of the parasitaemia (5 months postinfection). A control group of
10 mice was inoculated in the same way.

Test of virulence attenuation : 6 groups of mice were inoculated with 5 > 104,
5 % 10% or 5 x 10 trypomastigotes harvested from Vero or fish cell cultures main-
tained at 30 C for 30 days, in order to evaluate the attenuation of the strain and the
effect of the size of the inoculum. A control group was inoculated with 2-month 37 C
Vero cell-cultured parasites. The course of parasitaemia and mortality was recorded
for each animal.

Results

Cultures : T. cruzi blood flagellates readily infect and develop within monolayers
of Vero cells at 37 C. An inoculum of 1 x 10® parasites/flask will produce 3-5 x 10°
trypomastigotes /ml medium in about 2 weeks.

In fish cell cultures at 30 C. formation of extracellular trypomastigotes and
amastigotes was inhibited (fig. 7).

At 37 C, fish cell cultures could not be long maintained ; the optimal temperatures
for these cultures is 30-34 C (Wolf and Quimby, 1976).

At 30 C, there was a progressive diminution of trypomastigotes in long-main-
tained cultures of both types of cell, while Vero cells at 37 C continued to develop
large numbers of trypomastigotes for up to 8 months of continuing transfers (fig. 2).

Mouse infections with subcultures from tissues : culture of 7. cruzi in Vero cells
at 37 C for 45 days did not diminish its virulence (fig. 3 A). Parasitaemias of an
average 15.5 x 108/ml blood were reached at 25 days post-infection, and all mice
died within 2-4 weeks.

Culture in Vero cells at 30 C for 45 days had a strong effect on parasitaemia and
mortality. The peak of parasitaemia was delayed to the 4th week. One mouse died
40 days postinfection, and the other 9 survived to become chronic cases. All controls
died 3-4 weeks post-infection, showing average parasitaemias of 13.6 > 10%/ml blood
24 days postinfection (fig. 3 4).

Culture in Vero cells at 37 C did not diminish virulence even after 10 months’
culture. All mice infected from this culture died 3-4 weeks postinfection with peak
parasitaemias of 15.8 % 10%/ml blood (fig. 3 B).

The virulence of parasites cultured for 4 months at 30 C was even lower for both
types of cell culture than those cultured for 45 days. The highest parasitaemias seen
were 78 x 10%/ml for Vero cells, and, 53.5 x 10*/ml for fish cells, both at 5 weeks
postinfection ; all animals infected with 37 C Vero cell parasites had died by this
time (fig. 3 B). One mouse of each group had died 8 weeks after inoculation, and
one animal infected from fish cells showed no parasitaemia. All mice showed growth
and behavior similar to non-infected mice for the 2 months that they were observed.
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FiG. 1. — Extracellular stages of T. cruzi from Vero and fish cell cultures in Falcon flasks
through 30 days of incubation at 30 and 37 C.
A) Trypomastigotes at 37 C; B) Trypomastigotes at 30 C; C) Amastigotes at 37 C;
D) Amastigotes at 30 C.
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Fi1G. 2. — Extracellular mastigotes of T. cruzi from Vero and fish cell cultures in Falcon

Fia.

flasks successively transferred through a long period of time at 30 and 37 C.
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{3. — A) Parasitaemias in C,;H mice inoculated with 5 X 10* trypomastigotes of T. cruzi
rom Vero cell cultures maintained for 45 days at 30 and 37 C. (Controls - blood trypomasti-

gotes from CF, mice.)

B) Parasitaemias in C;H mice inoculated with 5 X 1ot tgomastigotes of T. cruzi from
Vero and fish cell cultures maintained for 4 months at 30 C. (Controls - trypomastigotes from
37 C Vero cell culture.)

There was no clear correlation between the size of the inoculum and the level of

parasitaemia, except that the smallest inoculum tended to delay the rise of the para-
sitaemia (fig. 4). g

Inocula of parasites from fish cells cultured 30 days at 30 C produced the lowest

parasitaemias for all 3 dilutions ( fig. 4). Vero cell parasites, 30 or 37 C, killed all mice
within 35 days at all dilutions, so that 30 days’ incubation at 30 C did not signifi-
cantly diminish virulence.

Challenge of immunity of surviving animals : none of the 9 mice surviving initial

inoculation of 30 C Vero cell parasites incubated 45 days showed parasitaemia after

the

challenge.
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F1G. 4. — Parasitaemias in C;H mice inoculated with trypomastigotes of T'. cruzi from Vero
cell culture maintained for 6o days at 37 C, and from Vero and fish cell cultures maintained
30 days at 30 C.

A) 5 ¥ 10f trypomastigotes/mouse ; B) 5 % 10° trypomastigotes/mouse ; C) 5 x 10 try-
pomastigotes/mouse.

One mouse from each group of survivors which had been inoculated originally
from either type of cell culture maintained 4 months at 30 C showed a light and
fluctuating parasitaemia, never higher than 3-4 x 10%/ml blood. The only mouse dying
after challenge was that one which had showed no parasitaemia after being inoculated
with 30 C fish cell culture parasites. All controls infected with 37 C Vero cell parasites
died 3-4 weeks postinfection with the usual high parasitaemias. All the challenged
animals grew and behaved similarly to non-infected mice during 7 months’ obser-
vation, with no more deaths.
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Discussion

The infectivity and virulence of 7. cruzi can be reduced by serial culture in
liquid media (Menezes, 1968).

The present work reports attenuation of virulence by serial culture in Vero and
fish cells at 30 C, demonstrated by i.p. inoculation of the cultured trypomastigotes
into homozygotic CsH mice. This mouse strain is so susceptible to the ‘Brazil’ strain
of T. cruzi that inoculation of only 10 parasites kills 100 9, of the animals (Hanson,
1977).

Pizzi (1961) considered the attenuation of cultured strains of T. cruzi as being
due to the decreasing numbers of trypomastigotes in the culture medium ; however,
Bice and Zeledon (1970) and Chiari (1974), on inoculating mice with equivalent
numbers of metacyclic forms, were able to observe correlations between virulence
and time of incubation. Rosenberg ef al. (1969) reported that blood forms were much
more infective than equal numbers of cultured trypomastigotes.

Temperature can be important in changing the virulence of intracellular para-
sites. Low incubation temperatures correlated with inhibition of growth of T'. cruzi
in cell culture has been demonstrated by Dvorak and Poore (1974) and by Bertelli
et al. (1977). It may be that these conditions have led to a selection among the parasite
population, the survivors being less virulent. Also, the changes in isoenzyme patterns
of the parasite, reported by Romanha ef al. (1979) in T". cruzi under prolonged culture
might be related to changes in virulence ; in our experiments, these changes would
have been greatest in fish cell culture at 30 C.

The low parasitaemias induced by infections of parasites incubated at 30 C were
sufficient to give a high degree of protection against infection by homologous virulent
material. In our experiments, 24 of the 27 surviving animals did not develop parasi-
taemias when reinfected 3-5 months after the original infection. The only mouse dying
after reinfection had failed to develop parasitaemia from the original infection. This
emphasizes the importance of obtaining light infections by inoculation of attenuated
parasites, which, together with completion of the intracellular life cycle, can stimulate
immune protection in the host (Menezes, 1970).

The relation between size of inoculum and pathogenicity has been emphasized
(Silva and Nussenzweig, 1953) and minimized (Mazzotti, 1940). Phillips (1960) has
demonstrated that the relation holds for some strains but not for others ; some causing
pathology according to the number of parasites inoculated, and others being lethal no
matter the size of the inoculum. The ‘Brazil’ strain is one of the latter ; nearly all mice
infected with virulent parasites of this strain in our experiments died within 5 weeks,
independent of the number of parasites inoculated.
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