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Introduction

In the preceding paper (Stahl et al.,

1978), it was shown that heterologous an

tithymocyte serum (ATS), a potent and

specific suppressant of cell-mediated im

munity (CMI), markedly exacerbated pri

mary, nonlethal Toxoplasma infections in

non-immune mice. Presumably, potentia-

tion was achieved by interference with the

sequence of cellular events leading to ac

quired resistance, permitting the infection

to progress into severe and clinically ap

parent disease.

The present investigation was designed to

extend these findings by studying the effects

of ATS on immune mice i.e., chronically

infected mice possessing an acquired re

sistance to reinfection. Our objectives were :

a) to note if ATS could overcome establish

ed resistance to reinfection ; and b) to pos

sibly explain the conditions necessary for

reactivation of chronic, latent toxoplasmosis.

Materials and Methods

Parasites

The maintenance, quantitation, and in

fection procedures employing the nonlethal

Cornell (CS) strain of Toxoplasma were as

previously described (Stahl et at., 1978). The

lethal RH strain, obtained from Dr. A.

Kimball, Cornell University School of Medi

cine, New York, NY, was maintained by

intraperitoneal (ip) passage of trophozoites to

clean mice every three or four days. Tro

phozoites were obtained from the peritoneal

washings of acutely infected mice, and were

counted in a Spencer Hemacytometer. One

mouse-infection dose was 1X104 trophozoites

in 0.5 ml of saline, given by ip injection.

Chronically infected mice

Normal, female, highly inbred Nya :

NYLAR albino mice, 8 to 10 weeks of age,

were obtained from an animal colony mainta

ined by the New York State Department of

Health. The mice were infected with the

nonlethal CS strain of T\ gondii by ip in

oculation of 12 cysts, in 0.5 ml of brain

emulsion. The infected mice were sorted

into groups of 25, housed in large metal

cages, and allowed unlimited food and water.

After a waiting period of at least 4 weeks,

the CS infection was considered to have

progressed from an acute phase into a chro

nic, latent phase, and the infected mice

were suitable for experimental use. Mice

incorporated into an experiment were sorted

into groups of 10 and removed from the

large communal cages to smaller plastic

cages.

Procedures

Animal autopsy, tissue examination,

Toxoplasma cyst counts, and ATS prepara

tion and characterization were performed as

described in detail in the preceding paper
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(Stahl et al, 1978).

Experimental objectives and design

The initial experiments were designed

first to confirm that chronically infected

mice do indeed develop an immunity to re

infection, and then to determine if ATS

can nullify this state of heightened re

sistance. We investigated the effect of

reinfection alone, and the effect of normal

rabbit serum (NRS) and ATS treatment on

reinfection. The format and analysis of

individual experiments are presented in the

results.

The final experiments were to determine

if ATS can reactivate latent infection.

Toward this end, chronically infected asymp

tomatic mice were subjected to several dif

ferent regimens of ATS treatment and ob

served for signs of acute infection. The

effects of ATS treatment were categorized

as clinical observations, percentage mortality,

mean time to death, tissue examination, and

cyst counts in the brain. Experimental

variables were : length of chronic infection,

and the dose, frequency, and number of

antiserum injections.

The protocols of individual experiments

are presented in the results.

Results

Confirmation of enhanced resistance of

chronically infected mice to CS strain

reinfection

Twenty normal mice and 18 mice chroni

cally infected with the CS strain for one

month were challenged with 12 cysts of the

homologous CS strain of T. gondii. The

normal mice exhibited transient signs of

illness during the second and third weeks of

the primary infection, consisting of ruffled

fur, huddling, diarrhea, ascites, and a gra

dual loss of 10 to 15 percent of their body

weight. During the fourth week, these

symptoms abated and the lost weight was

regained. No deaths were recorded during

the 35 days of close, daily observation. In

contrast, the chronically infected mice were

much more resistant to the CS reinfection,

exhibiting neither morbid changes nor mor

tality (Table 1).

Confirmation of enhanced resistance of

chronically infected mice to RH strain

reinfection

Thirty normal mice and 53 mice chroni

cally infected with CS for one to two

months were challenged with 1X104 RH

trophozoites. The 30 normal mice quickly

developed the typical fulminating RH infec

tion and died en masse on the sixth day,

with enormous numbers of trophozoites

swarming in peritoneal exudate and tissues.

The chronically infected mice, on the other

hand, did exhibit heightened resistance to

the RH reinfection. For the first seven

days after challenge, neither morbidity nor

mortality was observed. However, during

the second week, ruffled fur, diarrhea,

precipitous weight loss and lethargy appear

ed in quick succession. This was followed

Table 1 Acquired resistance to reinfection in mice chronically

infected with CS Toxoplasma gondii and challenged

with the CS and RH strains

Status of
Mice

Non-infected

Chronic CS

Non-infected

Chronic CS

Challenge3
Reinfection

CS

RH

No. dead/
No. tested

0/20

0/18

30/30

53/53

Survival

average

30

30

6

17

(days)*

range

13-23

a CS challenge : 12 cysts ip ; RH challenge : 1X104 trophozoites ip.

b Mice observed for 30 days after challenge.
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by the deaths of all the mice, on days 13

through 23. The average period of survival

was 17 days (Table 1). Trophozoites were

detected in the peritoneal exudate of the

challenged mice, but in much smaller num

bers than seen in normal mice dying of a

fulminant RH infection. Histologically,

Toxoplasma trophozoites (presumed to be

RH trophozoites) were seen in all the tis

sues examined, including the brain. The

presence of RH in the brain was verified

by subinoculation of brain tissue into clean

mice, causing their death 4 to 5 days later

by a typical overwhelming RH infection.

Abrogation of acquired resistance to CS

strain reinfection

Fifty mice, infected for 1 month with the

CS strain, were challenged with a CS re-

infecting dose of 12 cysts per mouse. The

mice were sorted into 3 groups and then

treated with either NRS or ATS, as fol

lows : Eleven mice received 3 injections of

NRS on days 0, 2, and 4 of the challenge

infection ; 17 mice received 1 injection of

ATS on day 0 ; and 22 mice received 3 in

jections of ATS on days 0, 2, and 4. All

injections of serum were 0.25 ml aliquots,

given ip.

The administration of 3 injections of NRS

to the first group of reinfected mice had no

discernible effects in terms of morbidity or

mortality. Inoculation of the second group

of 17 mice with 1 dose of ATS likewise

failed to produce any distinct changes in

the host-parasite relationship. One mouse

did die on day 25, but the cause of death is

unknown. Free trophozoites were not de

tected in peritoneal exudate, or in tissue

impression smears. However, when the

third group of reinfected mice was given

ATS (x3), very distinct morbid changes oc

curred, culminating in the death of 86%

(19/22) of the treated mice in approximately

3 weeks (Table 2). Within 7 days, the

mice developed ruffled fur, diarrhea, weight

loss, and an increasing listlessness. These

symptoms continued to intensify, and mice

began dying by day 16. Free trophozoites

were readily detected in peritoneal exudate,

in moderate numbers. Histologically, an

exeensive toxoplasmic meningoencephalitis

was seen. Although many cysts were seen

in the brain, clusters were not detected.

Abrogation of acquired resistance to RII

strain reinfection

In this experiment, the lethal RH strain

of T. gondii was substituted for CS as the

challenge reinfection. Ninety-seven mice

chronically infected with CS for one to two

months were challenged with 1X104 RH

trophozoites. The mice were sorted into

three groups, and then treated with NRS

(x3), ATS (xl), or ATS (x3) as before.

The administration of NRS (x3) did not

potentiate the RH reinfection. The NRS-

treated mice died during the third week of

reinfection, the average length of survival

being 17 days. The administration of one

dose of ATS on the day of RH challenge

did alter the course of the infection. All

36 of the reinfected mice succumbed within

days 8 through 20, with the average survi

val being 13 days. In neither the NRS

(x3) nor the ATS (xl) groups of mice did

the RH reinfection fulminate. Free tropho

zoites were found in peritoneal exudate until

the day of death, but in much smaller num

bers than those seen in non-immune mice

dying of fulminating infection in 5 or 6

days.

Administering ATS (x3), however, dis

tinctly exacerbated the RH reinfection. The

37 ATS (x3)-treated mice all died within

a 5-day span, from days 5 through 9, ex

hibiting a clinical picture indistinguishable

from that seen in normal, non-immune mice

dying from RH. The infection was fulminat

ing, with a profusion of RH trophozoites in

peritoneal exudate and tissues. The average

survival of the ATS (x3)-treated mice was

6 days, one-third the survival time of the

NRS-treated mice (Table 2).

ATS'induced reactivation of latent toxo-

plasmosis

Two experiments were performed, differ

ing with regard to the following experimen

tal variables : single or multiple injections

of serum ; administration of serum at 24 or

( 3 )
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Table 2 Effects of normal rabbit serum (NRS) and heterologous antithymocyte

serum (ATS) on resistance to reinfection in mice chronically infected with

CS Toxoplasnia gondii and challenged with the CS and RH strains

Challenge21

Reinfection

(strain)

CS

RH

Treatment15 of
mice after

reinfection

NRS

ATS (x 1)

ATS (x 3)

NRS (x 3)

ATS (x 1)

ATS (x 3)

Mortality

No. dead/

No. tested

0/11

1/17

19/22

24/24

36/36

37/37

Survival of mice

average

30

30

18

17

13

6

(days)c

range

—

—

16-24

13-22

8-20

5-9

a CS challenge: 12 cysts ip ; RH challenge: 1X104 trophozoites ip.

b NRS and ATS (x 3) : 3 injections, 0.25ml ip, on days 0, 2, 4 of reinfection.

ATS (x 1) : 1 injection on day 0.

c Mice observed for 30 days after challenge.

Table 3 Effects of normal rabbit serum (NRS) and heterologous antithymocyte serum

(ATS) on chronic, latent Toxoplasma infections in mice

Treatment of

chronically

infected mice

Untreated

NRS (x 7)

ATS (x 1)

ATS (x 3)

ATS (x 7)

Untreated

NRS (x 3)

ATS (x 3)

Injection

schedule

(hours)

48

24

Clinical

consequences

of treatment

none

none

none

relapse

relapse

none

none

relapse

Percent mortality

(No.

0

0

0

25

70

0

0

45

in okj aays

dead/No, tested)

( 0/20)

( 0/18)

( 0/18)

( 9/34)

(17/24)

( 0/14)

( 0/8 )

( 8/18)

Mean time

to death

(days)

—

—

—

21

12

—

—

12

Number of cysts

in

average

1,100

1,400

1,380

3,400

4,600

N. D.b

N. D.

N. D.

uram

range

900-1,400

1,000-1,950

1,050-1,800

2,400-4,700

3,800-5,500

a NRS and ATS : 1, 3, or 7 injections of 0.25ml of serum, ip, at 48-and 24-hour intervals,

b N. D. : not determined.

48-hour intervals; and the length of the

chronic CS-infection. The results of the

experiments are summarized in Table 3.

In the first experiment, five groups of

chronically infected, symptom-free mice were

assembled. The mice were four months

old, and had been chronically infected for

one month. The infected animals were

well-groomed and sleek, outwardly indis

tinguishable from normal non-infected mice.

Two of the five groups of infected mice

served as controls ; the first group (20 mice)

receiving no treatment, the second group

(18 mice) receiving seven injections of NRS.

The remaining three groups of mice receiv

ed 1, 3, or 7 injections of ATS, respectively.

All injections of serum were given ip, in

0.25 ml volumes, at 48-hour intervals.

The administration of seven injections of

NRS or a single injection of ATS did not

reactivate the latent infection. The mice

remained asymptomatic, and free tropho

zoites were not detected either in peritoneal

exudate or in tissue impression smears.

The group of 34 mice which received

three injections of ATS gradually began to
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exhibit ruffled fur and a loss of weight 12

to 14 days after treatment. Up to this

time, free trophozoites were detected in

small numbers in peritoneal exudate but

thereafter rarely observed. During the

third and fourth week of observation, neu

rologic symptoms appeared and 9 of the 34

treated mice died. Squash preparations and

histopathology of the brain revealed nume

rous trophozoites, many in packets. The

cause of death was diagnosed as menin-

goencephalitis.

In the group of 24 mice that received 7

injections of ATS, ruffled fur and diarrhea

appeared within the first week of treatment,

and mice began dying during the second

week. The mean time to death was calcu

lated as 12 days, as opposed to 21 days for

the mice that received 3 injections of ATS.

Free trophozoites were found in peritoneal

exudate and tissue smears, but not in the

enormous numbers indicative of a fulminat

ing infection. Eventually 17 of the 24 mice

in this group died, most within the second

week of treatment. Neurological symptoms

were not seen as a prelude to death.

After 30 days of observation, cerebral

cyst counts were performed on representativ

es of the 5 groups of mice. Mice experienc

ing reactivation of infection possessed 2 to

3 times as many cysts as the mice in which

reactivation did not occur.

In the second experiment, ATS was ad

ministered to mice chronically infected for

two months. Forty infected mice were sort

ed into three groups; the first group (14

mice) received no treatment, the second (8

mice) received NRS, and the third (18 mice)

received ATS. All injections of serum were

given ip in 0.25 ml volumes at 24-hour in

tervals.

As in the first experiment, NRS had no

visible effects on the infected mice, but the

multiple injections of ATS quickly reactivat

ed the latent CS infection. Trophozoites

reappeared and persisted in peritoneal exu

date for approximately 10 days, but were

seen infrequently thereafter. In the brain,

however, trophozoites were rarely seen be

fore the tenth day post-treatment. Of the

18 mice that received ATS, 8 died of acute

toxoplasmosis within the second week fol

lowing treatment. The mean time to death

was 12 days. These data show that the 3

injections of ATS at 24-hour intervals re

sulted in twice the percentage mortality in

half the time as when the 3 injections of

ATS were administered at 48-hour in

tervals.

Discussion

In the present study, the acquisition of

resistance to reinfection was verified in mice

chronically infected with Toxoplasma for

one and two months. Tested against re

infection with the lethal RH strain, ac

quired resistance manifested as a threefold

prolongation in host survival, from six days

(non-immune) to 17 days (immune). In con

trast, resistance to CS reinfection appeared

to be absolute, with the challenged mice

exhibiting neither morbidity nor mortality.

This clearly defined state of resistance to

reinfection was quickly reversed by three

injections of ATS, on days 0, 2, and 4 of the

reinfection. One injection of ATS, on day

0, was ineffectual. In the ATS-treated

mice, RH challenge led to a rapidly prog

ressing, fulminant process with 100 percent

mortality in five to nine days. The cause

of death appeared to be a toxoplasmic pneu-

monitis, myocarditis, and peritonitis. Clini

cally and pathologically, therefore, the

course of the RH reinfection in the ATS-

treated immune mice was equivalent to the

overwhelming RH infection seen in non-im

mune mice.

On the other hand, ATS treatment after

reinfection with the CS strain led to a

gradually evolving neurologic syndrome of

some three to four weeks duration, with

the eventual death of most of the ATS-

treated mice. Pathologically, the cause of

death was ascribed to an acute meningoen-

cephalitis. A comparison of the patho-

genesis of primary and secondary CS infec

tions in mice given multiple injections of

ATS revealed some interesting differences.

The modified primary infection was a ra-
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pidly progressing disease that involved all

organ systems and killed most mice within

two weeks (Stahl et al., 1978). Trophozoites

of the CS strain persisted in peritoneal

exudate and in tissues for the length of the

experiment, indicating the tissue-clearing

mechanisms of the host were severely im

paired. In the brain, the development of

many cysts in large clusters was a constant

and conspicuous finding. In contrast, the

CS reinfection in the ATS-treated immune

mice evolved less rapidly, and ran a more

protracted course, with many mice surviving

into the fourth week of the infection. Small

numbers of trophozoites were detected in

peritoneal exudate during the first seven to

10 days after challenge, and thereafter only

rarely seen. This was interpreted as in

dicating that the host's tissue-clearing

mechanisms were again operative after in

itially being suppressed by the ATS.

It is of interest to note that the time of

reinfection, the chronically infected mice

were seropositive for Toxoplasma antibodies

(Stahl et al., 1978). Although ATS may

depress the formation of Toxoplasma anti

bodies to a primary infection (Strannegard

and Lycke, 1972), it does not have any

known effects upon antibodies already pre

sent in the circulation. Therefore, the

ability of ATS to effectively abrogate resis

tance to reinfection illustrates convincingly

the minor, if any, role of humoral antibodi

es in protective immunity to Toxoplasma.

Much of present-day knowledge concern

ing CMI and acquired resistance to intracel-

lular parasitism comes from the contributions

of Mackaness and North. These workers

have shown conclusively that resistance to

the intracellular bacterial parasite, Listeria

monocytogenes, is mediated by specifically

sensitized thymus-dependent lymphocytes (T-

cells), but is expressed by activated macro-

phages (Mackaness, 1962, 1969; Mackaness

and Hill, 1969 ; North, 1969 a, b ; 1974)- In

the Listeria system, activated macrophages

achieved peak numbers on day 6 of an initial

infection, and declined in number over the

succeeding two weeks (North and Deissler,

1975). Neither the sensitized T-cells nor

the activated macrophages are long-lived ;

neither cell, therefore, persisted indefinitely.

However, a long-lasting state of heightened

resistance to reinfection remained in effect

and was related to the capacity of immune

mice to generate mediator T-cells faster and

in larger numbers than non-immune mice

(North, 1975).

In the present study, using ATS as a

sensitive and specific eradicator of T-cells,

we obtained data corroborating the above

interpretation. The population of cells that

mediate immunity to Toxoplasma reinfec

tion apparently has many of the same pro

perties as those mediating immunity to pri

mary infection, i.e., thymus-dependent lym

phocytes, as evidenced by their sensitivity

to ATS, and the resultant loss of acquired

resistance to reinfection.

Having thus established that mice chroni

cally infected with Toxoplasma possess an

ATS-labile acquired resistance to reinfec

tion, we can now logically proceed to con

sider activation of latent infection. It is

evident from our experimental results that

heterologous ATS is capable of reactivating

latent toxoplasmosis, transforming chronic,

clinically inapparent infections into acute,

disseminated disease. The ability of ATS

to provoke relapse was related to the

amount of antiserum administered, and to

the number and frequency of injections.

The greater the amount and the more fre

quent the injections, the more severe the

clinical relapse, in terms of morbidity and

mortality.

Reactivated infections evolved slowly com

pared to ATS-modified primary infections,

and ran a protracted course in mice receiv

ing three injections of ATS. Although 30

percent of the relapsed mice eventually died,

few of the animals ever appeared critically

ill. In all cases, free Toxoplasma trophozoit

es reappeared in the tissues and peritoneal

exudate following multiple injections of

ATS, but not in the enormous numbers

seen in ATS-modified primary infections.

Typically, small numbers of trophozoites

( 6 )
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were detected in the peritoneal exudate for

about seven to ten days after treatment, but

thereafter were seen only rarely. In the

brain, numerous packets of intra and ex

tracellular trophozoites and wide areas of

necrosis and inflammation were seen. The

cause of death was thought due to acute

toxoplasmic meningoencephalititis.

These histopathologic findings are similar

to those described by Frenkel (1957, 1975),

who showed that cortisone and radiation

treatment induced relapse in hamsters chroni

cally infected with Toxoplasma. Parasite

proliferation resumed, and the hamsters died

of a fatal encephalitis or pneumonia. An

active retinochoroiditis was also detected in

some hamsters. Pathologically, the animals

developed multifocal necrotic CNS lesions

comparable to the toxoplasmic encephalitis

seen in immunologically compromised humans

(Frenkel, 1975). Frenkel visualized each

CNS lesion as being the histologic correlate

of a single ruptured cyst from which tropho

zoites emerged, parasitized, and destroyed

neighboring cells, thereby creating a large

lesion with a necrotic center. The rupture

of previously latent cysts and the renewed

multiplication of trophozoites were related

by Frenkel to defects in host immunity. It

was reasoned the lesions of relapse materia

lized in the CNS rather than in visceral

organs because immunity to reactivation

may have remained relatively intact in the

peripheral tissues.

The actual mechanism of relapse is obs

cure. Frenkel (1953, 1956, 1961, 1975) has

speculated repeatedly that relapse begins in

the CNS with cyst rupture, and the release

and proliferation of the trophozoites therein.

Although this hypothesis is logical and at

tractive, we are unable to confirm it.

Numerous gross and microscopic examina

tions of infected mouse brains have not un

covered either ruptured cysts or cyst-wall

debris (Waaij, 1959 ; Stahl et al., 1965, 1966a,

b, 1976, 1978). To Frenkel's hypothesis we

now add our own thoughts as to the origin

of the proliferative forms seen in relapse :

i) a continuous escape of trophozoites from

any cyst in any tissue, and/or ii) the per

sistence of small, localized foci of active in

fection in various tissues, with frequent

spillover.

Regardless of source, Toxoplasma tropho

zoites do reappear periodically in the blood

of chronically infected hosts (Remington,

1961). The immunologically intact host is

able to quickly contain these flare-ups be

cause it is in a state of heightened resistance

to reinfection. The host with diminished

cell-mediated immunocapacity, rendered so

by the administration of immunosuppressive

drugs or by underlying lymphoreticular di

sorders, loses the power to contain the para

site. This is followed by proliferation, dis

semination, and recolonization of the host.

Via infected macrophages and leukocytes,

trophozoites are again transported to the

CNS. We believe that the reappearance of

proliferating forms (trophozoites) in the

brain is a sequel of relapse, rather than its

cause.

By using graded doses of ATS, to achieve

less than maximum cell-mediated immunosup-

pression, we were able to follow the course

of reactivated Toxoplasma infections in hosts

of differing immuno-capacity. Vigorous

immunosuppression quickly led to a rapidly

progressing, fulminant disease, where all

organ systems were involved and death ap

peared due to visceral organ failure rather

than encephalitis. With moderate im

munosuppression, however, a protracted

neurological syndrome evolved, with en

cephalitis a prominent pathological finding.

To sum up, our view is that ATS does

not actively provoke relapse through induc

ed cyst rupture, but rather, through its

highly selective effects on CMI, permits

reactivation to occur by providing the para

site an immunologically less hostile environ

ment.

Summary

Mice chronically infected with nonlethal

CS strain of Toxoplasma gondii were con

firmed resistant to reinfection with either
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the homologous CS strain or the lethal RH

strain. It was shown that this state of ac

quired resistance could be effectively abro

gated by the administration of ATS, and

that reactivation of the chronic, latent in

fection would occur. Reactivated infections

ran a milder, more protracted course than

did ATS-modified primary infections, clearly

indicating that acqusition of resistance was

more sensitive to the effects of ATS than

was established immunity.

The possible sequence of events leading

to reactivation of a latent infection was

discussed. Our interpretation was that

ATS did not cause relapse through any

direct effects on the parasite, but rather

permitted reactivation to occur by its sup-

pressive effects on the cell-mediated immune

capacity of the host.
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