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Summary. Frequency, pathogenesis and morphological 
features of toxoplasmosis were assessed in a consecutive 
autopsy study. Among  204 patients who died f rom AIDS 
in Zurich during 1981-1990, 46 (23 %) showed morpho-  
logical evidence of cerebral toxoplasmosis. In 38 out of 
46 cases (83 %),  toxoplasmosis was restricted to the 
central nervous system (CNS) and, therefore,  pathogen- 
etically classified as reactivation of a latent infection. 
Acute,  systemic toxoplasmosis most frequently involved 
heart  and lungs in addition to the CNS and was observed 
in 7 cases (15 %).  These patients probably acquired the 
infection during HIV-induced immunosuppression. 
Latent  infection with intracerebral tissue cysts but no 
inflammatory response was present in only one case. 
Diffuse, necrotizing toxoplasma encephalitis with 
widespread, confluent areas of necrosis was mainly 
observed during the early period of the AIDS epidemic 
and restricted to 6 patients (13 %) who did not receive 
chemotherapy. The majority of patients (83%)  had 
multiple, macroscopically well-circumscribed abscesses 
with preferential  location in the cerebral hemispheres. 
Of all CNS regions, the rostra! basal ganglia were most 
frequently affected (78 % of cases). Since 1989, chronic, 
burnt-out  lesions were observed. These were mainly 
composed of lipid-laden macrophages and immunocyto- 
chemistry for Toxoplasma gondii usually failed to detect 
the parasite. This changing pat tern of CNS lesions 
probably reflects improved clinical management  of 
patients with AIDS. 
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The pat tern of opportunistic infection of the CNS 
associated with the acquired immune deficiency syn- 
drome (AIDS) varies in different countries, but in all 
reported surveys Toxoplasma gondii is the most f requent  
non-viral opportunistic agent encountered,  the frequen- 
cy in AIDS patients ranging from 7 % to 48 % (Fig. 1). 
The  present report  is based on 46 cases of cerebral 
toxoplasmosis in a consecutive autopsy series of 204 
patients who died of AIDS in Zurich, Switzerland, 
during the period of 1981 to 1990. Our findings indicate 
that the great majority of cases (approximately 85 %) 
results f rom reactivation of  a latent cerebral toxoplas- 
mosis and that improved clinical management ,  in par- 
ticular chemotherapy, has had a profound effect on the 
cerebral manifestation of this parasitic infection. 

Materials and methods 

Patients and risk factors 

Results are based on a consecutive autopsy series of 204 patients 
who died of AIDS in Zurich, Switzerland, during the period 
between April 1981 and August 1990. Of these, 171 were male and 
33 female.The mean age at death was 38 years .The age distribution 
of patients with toxoplasmosis did not differ significantly from that 
of other patients with AIDS, with the exception that no case of 
toxoplasmosis was observed below the age of 20. Risk factors for 
AIDS included homosexuality or bisexuality (46 %) and intrave- 
nous drug abuse (28 %). Heterosexual transmission was assumed 
in 5 % of the cases. Two patients received HIV-contaminated blood 
transfusions. The two children in this series, aged 1 and 3 years, 
were from HIV-positive parents. 

Before 1980 cerebral toxoplasmosis was only occasion- 
ally observed in imlnunosuppressed patients [11, 15]. 
With the widespread distribution of HIV infection it has 
become the most f requent  cause of brain abscesses [20]. 
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Morphological analysis 

In 203 of the 204 cases a complete autopsy was performed. After 
fixation of the brain in 10 % formalin for 2 to 4 weeks, tissue 
samples from the frontal and parietal cortex, frontal and parietal 
white matter, basal ganglia, hippocampus, pons and cerebellum 
were investigated histologically. The spinal cord was available for 
investigation in 36 out of 46 patients. In these, transverse sections 
from the cervical, thoracic and lumbar levels were examined. In 
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Fig. 1. Frequency of toxoplasma encephalitis in dif- 
ferent autopsy studies. Numbers in parentheses ref- 
er to the reference list 

addition, samples were taken from every macroscopically conspi- 
cuous lesion. Whole brain sections were prepared in 45 cases. 
Paraffin sections (4 ~tm) were stained with hematoxylin-eosin and 
Luxol-Nissl. Immunoperoxidase staining was performed with a 
polyclonal rabbit hyperimmune serum against Toxoplasma gondii 
(obtained from Virion, Rtischlikon, Switzerland) as described by 
Conley [3]. The rabbit anti-toxoplasma antiserum was used at a 
dilution of 1 : 300, followed by biotinylated swine anti-rabbit serum 
(1:50), and avidin-biotin complex from Dakopatts (Glostrup, 
Denmark). 

Results 

Cerebral  toxoplasmosis  was diagnosed in 46 of the 204 
patients with H I V  infection (23 %).  Of  these, 36 were 
male .The  mean  age was 38 years ,wi th  a range f rom 21 to 
69 years (Fig. 2). The age distribution of patients with 
toxoplasmosis did not differ significantly f rom that  of 
other  patients with AIDS,  with the exception,  that  no 
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Fig. 2. Age distribution of 204 patients with AIDS. The age 
distribution of patients with toxoplasmosis did not differ signifi- 
cantly from that of other patients with AIDS 

case of toxoplasmosis was observed below the age of 20. 
CNS structures most  frequently affected were the cere- 
bral hemispheres  (91%) ,  basal ganglia (78 %) ,  cerebel- 
lum (51%) ,  and brain s tem (31%) .  Toxoplasma myelitis 
was observed in two patients (Table 1). Seven patients 
suffered f rom systemic toxoplasmosis.  In addition to 
cerebral toxoplasmosis,  these patients  showed tissue 
cysts in the heart  (3 patients),  in heart  and lung (2 
patients) and in a lymph node (1 patient) .  Disseminated 
toxoplasmosis was only observed in a female pat ient  
f rom Haiti  with involvement  of heart ,  lung, liver, 
pancreas,  esophagus,  bladder, ovary and adrenal gland. 
On the other  hand,  there was no pat ient  in the present  

Table 1. Distribution of lesions in CNS toxoplasmosis 

All cases Systemic Reactivated 
Cases % % % 

Cerebral 42/46 91 100 90 
hemispheres 
Basal ganglia 36/46 78 86 77 
Cerebellum 23/45 51 57 50 
Brain stem 14/45 31 43 29 
Spinal cord 2/36 6 14 3 

Table 2. Pathogenetic and histopathological variants of cerebral 
toxoplasmosis 

Reactivated cerebral toxoplasmosis 38 
Multiple abscesses 

recent 23 
old 3 
recent and old abscesses 5 

Necrotizing toxoplasma encephalitis 6 
Microglial nodules 1 

Systemic toxoplasmosis with CNS involvement 7 
Multiple abscesses 5 
Microglia[ nodules 1 
Microabscesses 1 

Latent toxoplasma infection with clusters of tissue 1 
cysts 



series without cerebral manifestation of the toxoplasma 
infection. PathogeneticaUy, cerebral toxoplasmosis was 
divided into three groups (Table 2). 

Reactivated cerebral toxoplasmosis without extracerebral 
manifestations 

We observed the following histopathological patterns 
(Fig. 3): in most patients, multiple abscesses were 
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present which were preferentially located in the cerebral 
hemispheres, particularly in or adjacent to the rostral 
basal ganglia (Fig. 4C-F) .  A combination of necrotizing 
toxoplasma encephalitis and multiple abscesses was 
present in one patient  t reated by chemotherapy. Since 
the beginning of 1989, we have seen three cases with old 
abscesses which were macroscopically well circum- 
scribed and exhibited a yellowish border. These patients 
had received intense chemotherapy with sulfadiazine 
and pyrimethamine.  Histologically, such lesions con- 

Fig. 3A-F. Toxoplasma encephalitis. A Latent infection with 
intact cysts without necrosis or inflammatory response. B Dissem- 
inated small foci with numerous tissue cysts but little or no tissue 
response (systemic toxoplasmosis). C Nodular toxoplasma ence- 
phalitis. D Necrotizing toxoplasma encephalitis with multiple 

tissue cysts and intracellular tachyzoites at the periphery of 
necrosis. E Clusters of free tachyzoites in brain tissue adjacent to 
areas of necrosis. F Rupture of a tissue cyst with release of free 
tachyzoites. B-F immunocytochemistry for Toxoplasrna gondii 
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Fig. 4A-F. Whole brain sections from six cases with toxoplasma 
encephalitis. A, B Widespread, confluent areas of necrosis in both 
cerebral hemispheres and the basal ganglia (necrotizing toxoplas- 

ma encephalitis). C, E Multiple abscesses, and D, F solitary 
abscesses in with preferential location in the basal ganglia (reacti- 
vated toxoplasmosis) 

sisted of lipid-laden macrophages with a surrounding 
area of gliosis but showed only a scarce residual inflam- 
matory response. Occasional tissue cysts were identified 
immunocytochemically in the adjacent brain tissue in 
two of these patients. Five patients displayed both recent 
and old abscesses. In six patients, widespread, poorly 

demarcated confluent areas of necrosis were detectable 
(Fig. 4A, B). Thrombosis of vessels was frequently 
encountered. The inflammatory response with multiple 
tissue cysts at the periphery of the necrosis was generally 
weak in these cases (Fig. 3D, E). We termed this mani- 
festation necrotizing toxoplasma encephalitis [16, 17]. 



All but one of these patients died during the early period 
of the AIDS epidemic (1984-1986) and none of them 
had received chemotherapy. One patient showed a 
nodular toxoplasma encephalitis restricted to the pons 
(Fig. 3C). 

Systemic toxoplasmosis with CNS involvement 

Three morphological patterns in patients with systemic 
toxoplasmosis were observed. In most patients, multiple 
abscesses were present, which were macroscopically well 
circumscribed. Histologically, these lesions showed a 
center of necrosis, surrounded by a rim of macrophages, 
lymphocytes and occasional granulocytes. Vascular pro- 
liferation was also present at the periphery of the tissue 
necrosis. Immunohistochemical staining for Toxoplasma 
gondii showed a variable number of tachyzoites and 
encysted bradyzoites. In one patient, the brain was 
macroscopically inconspicuous but, upon histological 
analysis, showed multiple microglial nodules containing 
occasional encysted bradyzoites. We termed this lesion 
nodular toxoplasma encephalitis. Another patient with 
a macroscopically inconspicuous brain showed small loci 
of necroses with inflammatory reaction in the basal 
ganglia (micro-abscesses; Fig. 3B). 

Latent infection 
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24, 31]. AIDS patients develop cerebral toxoplasmosis 
more frequently than any other opportunistic infection. 
In our series, encephalitis due to Toxoplasma gondii 
occurred in 46 out of 204 patients (23 %). This corrobo- 
rates other studies showing that cerebral toxoplasmosis 
is the most frequent cause of focal brain lesions in 
patients with HIV infection [21, 29]. In the present 
study, the incidence is lower than that observed in 
reports from Miami [23] and France [7], but higher than 
in most other autopsy studies [1, 4, 10, 13, 18, 25, 27]. 
The variation in the frequency of toxoplasma encephal- 
itis, which is evident from Fig. 1, may partly be due to 
the fact that some autopsy series are based on referred 
cases rather than consecutive sampling. Furthermore, 
the prevalence of a serological reaction to Toxoplasma 
gondii in the adult population shows considerable 
geographic variation with generally lower figures in cold 
regions and at high altitude when compared to hot and 
humid areas [6, 19]. The high incidence in the Miami 
study was attributed to the large proportion of patients 
of Haitian origin. In Switzerland, a prevalence of 
40 %-50 % has been reported [12]. During childhood 
and adolescence, there is a continuous increase in 
seroprevalence, ranging from 2.3 % in the 1st year of life 
to 46 % at the age of 20. In the present series, only three 
patients were below the age of 20. None of these showed 
evidence of latent or reactivated cerebral toxoplasmo- 
sis. 

Intact cysts without necrosis or inflammatory response 
are characteristic of inactive or latent infection [33]. In 
our series, we observed one case with intact tissue cysts 
in the parietal white matter as the only histopathologi- 
cally identifiable lesion (Fig. 3A). 

Several patients presented with neuropathological 
lesions in addition to those caused by Toxoplasma 
gondii. In ten cases cerebral toxoplasmosis was asso- 
ciated with HIV leukoencephalopathy with white mat- 
ter pallor, gliosis and scattered multinucleated giant cells 
but little or no inflammatory reaction [14]. In two 
patients we diagnosed an HIV encephalitis [2]. Addi- 
tional CNS lesions included cytomegalovirus infection 
(two patients), aspergillus abscesses (one patient), 
metastatic non-Hodgkin lymphoma (one patient) and 
vacuolar myelopathy (three patients). 

Discussion 

Frequency of toxoplasma encephalitis 

Immune-competent patients with recently acquired tox- 
oplasmosis typically present with regional lymphadeno- 
pathy and/or uveitis with chorioretinitis. Connatal tox- 
oplasmosis often affects the brain in addition to the 
visual system [22]. Neurological manifestations occur in 
less than 1% of adult immune competent patients [32] 
but are somewhat more common in patients with 
immune suppression, e.g., advanced stages of lympho- 
proliferative disease, and organ transplant recipients [7, 

Pathogenesis and morphological patterns 

The mechanisms of resistance to Toxoplasma gondii are 
still poorly understood but there is evidence that 
lymphokines may play a key role. Suzuki et al. [30] 
observed that infected mice treated with a monoclonal 
antibody to interferon-gamma developed fatal systemic 
toxoplasmosis, whereas untreated animals developed 
chronic toxoplasmosis. It is assumed that interferon 
activates macrophages which in turn eliminate the 
parasite. There is also experimental evidence that the 
reduction of T4 lymphocytes which is a hallmark of 
AIDS has a profound effect on the course of toxoplasma 
infection [34]. Selective reduction of T4 cells in infected 
mice caused severe systemic disease with predominant 
affection of lungs and liver but few or no CNS lesions. In 
contrast, monoclonal antibody-induced T4 reduction in 
mice with chronic infection produced a reactivation of 
the infection with preferential CNS involvement. These 
observations correlate well with the autopsy findings in 
AIDS patients. In our series, a total of 7 out of 46 
patients (15 %) presented with generalized systemic 
toxoplasmosis which always included CNS involvement. 
We assume that these patients acquired the infection 
during the period of HIV-induced immunosuppression 
[21, 24]. Although only a minority of patients suffered 
from systemic toxoplasmosis, this was invariably the 
cause of death. It is, therefore, recommendable to 
advise HIV-positive individuals to avoid potential 
sources of toxoplasma infection, notably cats and raw 
meat. On the other hand, our data indicate that in most 
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AIDS patients (85 %),  cerebral toxoplasmosis was due 
to reactivation of a latent cerebral toxoplasma infection. 
It is well established that during chronic infection in the 
immune-component  host, the CNS preferentially har- 
bors the parasite in the form of tissue cysts, rendering 
itself prone to toxoplasma encephalitis upon reactiva- 
tion during periods of reduced immune surveillance [7, 
26, 28, 36]. 

The location of toxoplasmosis within the CNS (Ta- 
ble 1) could suggest that tissue cysts persist most fre- 
quently in the cerebral hemispheres, particularly in the 
basal ganglia which were affected in 36 out of 46 patients 
(78 %).  However,  our  data also show that the location of  
Toxoplasma gondii-induced brain lesions is similar in 
patients with acute systemic and reactivated latent 
infection. This suggests that the predilection for the 
cerebral hemispheres and basal ganglia reflects the 
primary distribution of the parasite in the CNS rather  
than a selective persistence of tissue cysts in certain brain 
regions. 

Multiple CNS infections are common in AIDS 
patients. Additional CNS lesions should always be 
considered in patients with signs of cerebral  tOxoplas- 
mosis. HI V  encephalopathy was observed in 20 % of the 
cases, i.e., at an incidence similar to that in patients 
without toxoplasma encephalitis [16, 17]. Cytomegalo- 
virus encephalitis, aspergillus encephalitis and metastat- 
ic non-Hodgkin lymphoma were also encountered in 
patients with cerebral toxoplasmosis. It  remains to be 
established whether  and to what extent  infectious 
agents, including opportunistic viruses, cooperate  to 
enhance their adverse effects on the CNS of AIDS 
patients [35]. 

Pathological changes observed in our  cases are similar 
to those repor ted in a previous study [5, 24]. Wides- 

�9 pread, confluent necrotizing lesions were mainly 
observed in patients who did not receive adequate  
chemotherapy during the early period of the AIDS 
epidemic (5 out of 11 cases with toxoplasmosis diag- 
nosed in Zurich between 1984 and 1986). Patients 
treated with sulfadiazine and/or pyrimethamine tended 
to show abscess formation. Since the beginning of 1989, 
we have increasingly observed old, burnt-out lesions 
mainly composed of lipid-laden macrophages. These 
occurred in patients who were successfully treated with 
chemotherapy. The 5 patients showing both  old and 
recent abscesses may have been treated ineffectively. 

Intact toxoplasma cysts without significant tissue 
reaction were found in only one case (Fig. 3A). A 
similar observation was recently made by Vinters and 
Anders [33]. Since it is known that immune deficiency 
facilitates the rupture of tissue cysts [7]; Fig. 3F), these 
cases may represent  the initial stage of reactivation of  a 
latent infection or an intermediate stage of immunosup- 
pression with multiplication of cysts but still partially 
functioning defence mechanisms. In a case with sys- 
temic toxoplasmosis we observed disseminated loci with 
numerous tissue cysts but little or no inflammatory 
response (Fig. 3B). This observation supports the view 
that multiplication of tissue cysts constitutes a typical 
event in early stages of toxoplasma encephalitis. 
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