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Neuropathology of the Acquired Immune
Deficiency Syndrome (AIDS):
Report of 39 Autopsies from
Vancouver, British Columbia

Marcia E. Cornford, Janet K. Holden, Michael C. Boyd, Kenneth Berry and Harry V. Vinters

ABSTRACT: Neuropathological findings from 39 acquired immune deficiency syndrome (AIDS) autopsies of pri-
marily neurologically symptomatic patients and 7 brain biopsies from AIDS patients performed at St. Paul’s Hospital,
Vancouver, British Columbia are reported. Autopsy findings included human immunodeficiency virus-1 (HIV)-type
multinucleated giant cell (MNGC)-associated encephalitis seen in 17 patients, toxoplasmosis in 7 patients, and
cytomegalovirus encephalitis and/or microglial nodule-associated nuclear inclusions in brain parenchyma in 9 patients.
Central nervous system lymphoma was identified in 11 autopsy patients and in 4 of 7 brain biopsies. Infectious pro-
cesses including HIV encephalitis were seen in 10 of 11 autopsied patients with lymphoproliferative lesions in the
brain parenchyma, while 40% of patients without lymphoma had HIV-type MNGC or opportunistic infections. CNS
lymphoma was not significantly increased in incidence in patients with a clinical history of zidovudine treatment, but
increased duration of survival after the diagnosis of AIDS was associated with increased incidence of lymphoma in
both untreated and zidovudine-treated patients. Patients displaying HIV MNGC within microglial nodules had a shorter
mean duration of survival after diagnosis of AIDS than those patients with HIV encephalitis with dispersed MNGC,
white matter vacuolation, and gliosis.

RESUME: Neuropathologie du syndrome d’immuno-déficience acquise: compte rendu de 39 autopsies de
Vancouver, Colombie Britannique. Nous rapportons les constatations neuropathologiques sur 39 cas de syndrome
d’immuno-déficience acquise (SIDA), ayant subi une autopsie, chez des patients avec des manifestations neu-
rologiques prédominantes et 7 biopsies du cerveau chez des sidéens, effectuées a I’hopital St-Paul de Vancouver,
Colombie Britannique. A I’autopsie, on a observé une encéphalite associée & des cellules géantes multinuclées
(CGMN) de type HIV (virus de I’immuno-déficience humaine) chez 17 patients, une toxoplasmose chez 7 patients et
une encéphalite & cytomégalovirus et/ou des inclusions nucléaires associées a des nodules microgliaux dans le
parenchyme cérébral chez 9 patients. Un lymphome du systéme nerveux central a été identifié a ’autopsie chez 11
patients et dans 4 des 7 autopsies du cerveau. Un processus infectieux incluant une encéphalite 3 HIV a été observée a
’autopsie de 10 patients sur 11 ayant des l€sions lympho-prolifératives du parenchyme cérébral, alors que 40% des
patients sans lymphome avaient une infection 8 CGMN de type HIV ou une infection opportuniste. L’incidence du
lymphome du SNC n’était pas augmentée de facon significative chez les patients avec une histoire clinique de traite-
ment a la zidovudine, mais une survie plus longue aprés un diagnostic de SIDA était associée a une incidence accrue
de lymphome, tant chez les patients non traités que ceux traités a la zidovudine. Les patients ayant des CGMN de type
HIV dans des nodules microgliaux avaient une survie moyenne plus courte apres le diagnostic de SIDA que les patient
présentant une encéphalite HIV avec CGMN dispersées, vacuolisation de la substance blanche et gliose.
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Since the beginning of the AIDS epidemic, a number of Brazil;'* and Japan.'? Analysis of these reports reveals possible

autopsy studies have documented the incidence of the various
neuropathological lesions found in AIDS patients from different
geographic regions, including Southern California;'? Northern
California;® New York;** Boston;®7 Miami, Florida;® Britain;*!?
France;!"'? Switzerland;'*' Ttaly;'s Austria;'® Germany;'’

regional differences in the incidence of the various neuropatho-
logical lesions, as well as documenting important contrasts
between different “at risk” populations such as women,* chil-
dren,*?° hemophiliacs,®'? intravenous drug users of both
sexes,*!% and the more frequently studied populations of male
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homosexuals. The regional differences include variable inci-
dence of cerebral toxoplasmosis, ranging from 30% in Miami,
Fla.® 19 6 and 7% in series from Southern California;'? central
nervous system lymphoma, ranging from 2.5% in New York?' to
7.4% in the most recent survey from San Francisco;® and HIV-
associated encephalitis (with characteristic multinucleated giant
cells)?22 ranging from 19% in Switzerland'? to 30% in a report
from Austria.'s These reports provide information on the likely
diagnostic possibilities to be considered in the evaluation of
AIDS patients with neurological symptoms in any venue, as
well as helping to define the effects of HIV-1 viral infection and
the opportunistic infectious organisms or neoplasms causing dis-
ease in the immunodeficient individual.

The present study is derived from a series of autopsies and
brain biopsies performed at St. Paul’s Hospital, Vancouver,
British Columbia, from 1984 to 1991. This hospital serves an
urban population in which HIV infection risk factors of homo-
sexuality and intravenous drug usage are prevalent. The inci-
dence of central nervous system lymphoma, infectious manifes-
tations of opportunistic organisms, and the patterns of HIV-1
infection?? are documented for 39 autopsies and 7 brain biopsies
from patients who were not subsequently autopsied.

MATERIALS AND METHODS

Post mortem gross examinations and sampling for light
microscopic examination were performed on HIV-infected
patients who died at St. Paul’s Hospital, Vancouver between
May 1984 and March 1990, with AIDS-defining illnesses by
1987 Centers for Disease Control (USA) criteria,?* and/or HIV-1
seropositivity after the introduction of the serum assay in 1985.
The patients were principally selected for autopsy on the basis
of need for a definitive diagnosis of neurological disorders.
Fixation of brains in 10% neutral buffered formalin for 2 weeks
was followed by coronal sectioning, gross examination and pho-
tographic documentation of visible lesions, and systematic sam-
pling of the entire brain. Light microscopic sections from frontal
cortex, basal ganglia, thalamus, parietal cortex, hippocampus,
midbrain, pons, medulla, cerebellum and any grossly visible
lesions were obtained from most patients. Paraffin-embedded
material was stained with hematoxylin and eosin, with appropri-
ate special stains applied as necessary (Periodic acid-Schiff,
Gram, Giemsa, Fite acid-fast bacilli, and Gomori methenamine
silver). Neuropathological changes for each patient were recorded
with respect to distribution, severity and associated lesions,
before details of the clinical history were ascertained from hos-
pital medical records to determine length of survival with the
diagnosis of AIDS, therapy with zidovudine, and other diag-
noses of infectious organisms or neoplasms.

Biopsy specimens were typically obtained at open biopsy
from patients with significant radiographically detectable lesions,
or with rapidly progressive dementia and encephalitic symp-
toms. Such material was also processed in paraffin with routine
hematoxylin and eosin staining of step sections through the
specimen, and appropriate special stains for infectious organ-
isms performed as needed. While some autopsied patients also
had surgical biopsies, each is counted only once in statistical
evaluation. Statistical comparisons of the incidence of the most
common AIDS-related neuropathologic findings in patients who
had been treated with zidovudine and those who had not been
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treated were performed with Chi square analysis of the signifi-
cance of the differences of the number of patients in each group.

All patients included in this study were Caucasian, with the
exception of one male Oriental, and three of 46 were female.
Known risk factors were assessed to be homosexuality in 40
patients, intravenous drug usage in 2 patients, blood transfusion
in 2 patients, and heterosexual exposure in 2 patients. The mean
age of the autopsied patients studied was 38.0 years, with a
range of 20 to 67 years. Eight autopsied and two biopsied
patients had received zidovudine therapy for at least one month.
The population of AIDS patients from which the subjects were
selected included 390 deaths of HIV infected persons at St
Paul’s Hospital during the time period of the study. Patients
studied were typically autopsied to establish a definitive cause
of neurological symptoms, or to examine the cause of unexpected
death in six patients. Therefore, this survey is not necessarily
indicative of the incidence of neuropathologic abnormalities in a
majority of AIDS patients in this region, but is fairly representa-
tive of those patients dying with a significant neurological syn-
drome. The distribution of numbers of patients autopsied in each
year of the study is as follows: 3 in 1984, 6 in 1985, 7 in 1986, |
in 1987, 8 in 1988, 7 in 1989, and 7 in 1990. Surgical biopsies
were obtained in 1987,% 1988,' 1989,' 1990' and 1991

RESULTS

Light microscopic observations: Table 1 presents a summary
of the principal neuropathological lesions found in the 39 autop-
sied patients examined, their demographic identification, and
other diagnoses. Patients who had received zidovudine treat-
ment are denoted (*). The four most frequently identified condi-
tions were HIV encephalitis (17 patients), central nervous sys-
tem lymphoma (11 patients), toxoplasmosis (7 patients), and
cytomegalovirus infection (9 patients). Table 2 summarizes data
from 7 surgical biopsies of AIDS patients who were not autop-
sied. Table 3 presents a summary of the several categories of
neurological disease and the interrelationships of infectious
organisms and lymphoma in the 39 autopsied patients.

HIV encephalitis: Recent reports have emphasized the pres-
ence of different patterns of apparently progressive destructive
lesions associated with sites of infection by HIV-1 in brain
parenchyma.?22 One of the patterns described (HIV encephali-
tis) consists of focal grey and white matter microglial nodule
(MGN) inflammatory lesions associated with one to several
multinucleated giant cells (MNGC) containing many small
vesicular nuclei resembling those of microglial cells, with the
surrounding parenchyma essentially unchanged. The other pattern
(HIV leucoencephalopathy) is described as scattered MNGC of
HIV type within vacuolated white matter, with pigmented debris
adjacent to capillary profiles, and astrocytic gliosis. Irregular
regional involvement of the brain is characteristic and overlap
of the patterns is occasionally found.

In the current study, five patients displayed foci of several
MNGC associated with discrete MGN only, usually in several
regions of the brain. Nine patients had regional involvement of
diffusely distributed MNGC, appreciable gliosis and white mat-
ter vacuolation in surrounding parenchyma, and no discrete
MGN. Both patterns were found in different regions of the
brains, in three patients. The mean duration of survival after the
diagnosis of AIDS for patients with the microglial nodule pattern

443


https://doi.org/10.1017/S0317167100041627

THE CANADIAN JOURNAL OF NEUROLOGICAL SCIENCES

suod YL ‘Og ‘(jeo0j) sijiydAsoinau
SSO| uoInau Hg urai-97 - — P3N paxiu ¢/euownaud (S WL M APS 1T
uoisa] 0x0l u1 ewoyd
-wA[ [ed20J1UN {Y1eap
o1aoud N9[ Jusw dyd‘gd'ng sisowsse[doxo) (dDd ‘oxo1)
-jean sisowsedoxol ng — X100 |e d asnip [e1g2120 N9 WM AOb 0z
yieap o1 g0 ‘sd 20
Joud A ¢ jusunean pazifessuad ‘YL ‘og ‘14 aui[oap snIels [BIusw
sisowsejdoxoy U ‘Ad ‘D4 — - asngip 399 1 /ISNDd (0%01) N9 AWM ALt 61
$SOj uUoInaU NHY SUIO3p [RIUdW N
‘Ayredonarpesfjod — — - - ‘a1n|iey 1AL/ TWHN 0 WM APS 8l
1SaLre deIpIed
TVINION — - - - Jewownaud [eunoeq 0 NM AbE Ll
Aydone
[BO1102 ‘wnIdfed
Jepnaseauad ng — - - — dDd (dod) W1l NM A89 91
Aydone [eo110d sisdas
‘wasuieaq 1dA — — — - epipued “JAHN (TWHN) NE AM ATY Sl
Aydouie [e2110D
‘NOW M3} — Ad PIg — — dod (&) N8P WM A8S 14|
(NDW) WH ‘YL ‘0d 4 BHUDWIIP §Iam ¢
Ayredofeydasusoonay - [ed210d - asnyjip /AIND pue §3f Sun (dDd) Wt! WM AOY £l
AUIOIP SNIBIS [BIUDW
Aydone ‘ND d1ed - — — — ¥99m 9/IVIN ‘dDd (IVIN) INT WM ALY 4
dy ‘pa ‘UL ‘0d eruownoaud
waisutelq dq D4 - — [B00) “TWHN “ISND (dDd) Nz WM ASY I
Ayredojeydasusoana| eluownaud
[ed0jnnu (NDIW) AWD dOd (sury3poH)
aatssaidod — UL ‘dn — g [820§ TN S.UR3poH Wy WM Abp 0l
d LAy UI[I3p SMEIS [BlUdW
waisuredq d- — - - snyIp NE dDd IVIN (dDd) WL WM ASY 6
A Pa1ea1] 0X0) 4D d ‘0d ‘i
‘Ayredojeydeousoona) 14 Ad ‘PPN — asnyip eruownaud “JSNDJ (dod) Nzl WM ATE 8
IVIN ‘AND
wojsutelq 71dq Ad ‘D9 ‘11 Ad ‘dH — — 1D dDd “TSNDd @) vl WM A6T L
AWDID
smBuiuow ‘s1920001dA 10
|8000001dA10 — — — — paleunwassi(y (dDd) INE NM ALY 9
Aydone [es11105 — — — — S dOd “TWHN (SM) NI M ATE S
Uo1E[ONdBA d 90
1a1eW AYM ‘Id *dH ‘uL wstuedio ou
‘sisof|3 o) - — - ‘DY “¥d 1890} ‘etuownsud (&) WS WM A8E ¥
suidutuaw esownaud AND
1e200301d415 WA ‘DY — — — ‘S "ISNDd (S™) Ws WM AYE €
ewoydwL| U PN S ‘ox0l
snxajd proJoyd ‘Ad "D 14 od - ‘D ‘14 (820} B[N0 “ISNOJ (&) Wyt NM ALE [4
eluownaud ‘edreseue
Aydone [eorios — — — — ‘stsdas ydels 'Sy (S3) ST WM ASE I
sisougei(] ewoydwAy AND vwisejdoxo], Snieydasuy uonjewrloyuf [ednUI) (xq 1) soydead ase)
SND Y10 AIH /sisoudeiq £sdoyny uopenq SAIV -ou(

‘SAIV Yim siuaned ¢ ul sSuipulyf Asdojny pue uopewoju] [BIIW) Jo AJewiung 1 |qel,

444
https://doi.org/10.1017/50317167100041627 Published online by Cambridge University Press


https://doi.org/10.1017/S0317167100041627

LE JOURNAL CANADIEN DES SCIENCES NEUROLOGIQUES

= pax1w ‘sajnpou [eI[F0I31W OU Yim DONIA dAnenjyuL = 3SnIP IONA 2dK1-ATH Yiim sanpou [eijSodiw = [0y ‘swaned uonnginsip ([DON] 1120 weid pajesppnunnur) suieydadud AfH «

"(LZV) 3UIpNAOPIZ JO UONRNSIUTWPE JO AIOISIH q

*DDNA 2ALIRATIUI pue PajeIdosse-d[npou [elSoloiw Yioq Jo suoigal ajesedss 10 pauiquiod

‘Ayredoreydas
-u202n3| (wasuiesq) aunuod [e30§5 = 144 ‘uonesdgijoidoydwA] ayif-sisorewolnuesd projewoydwA| = {1]-O7 PIRIdosse Jjnpou [e1[Sodiw = NO ‘pPunoj 10u = (—) UOIEUWLIOJUl UOISY]

WN[[3q2190 = gO) ‘B[[npaw = pajy ‘e[npau pue suod = g ‘suod = 4 ‘uresgpiws = g ‘9qof [e3d1220 = 2Q) ‘aqo} [e1orred = 14 $2q0]

[erodwal = |, ‘sndwedoddy = diy ‘snweeyiodAy = py ‘snwepeyl = Y1 ‘eafurusw = udpy Jenomuaauad = Ad ‘Bl{npaw = pay ‘e1jSued [eseq = ng ‘3qo[ [QIUOI} = 1] iuresq ur SIS UOISY
‘sisoudeip payroadsun = ; ‘i1puod puspjdoxoy = 0x0) (X3 dWod BNUIWIP PAARIIOSSE-A[H
= wap smBeydoso ppipuns = pue)) o4pnjlaInaul-wnIAp wnto1IpqodSy = YN Seunsautonsed = |0 tewoydwA| s uny8poy = s, uy3poH ‘ewoydwA] weudijew s urySpoH-uoN = TNHN
{(A1epuosas) ewoydwk} WalsAs snoarou [enuad = TSN ‘ewoydwA] walsAs snoatau jenuad Arewnd = TSNDJ ‘ewowmoaud sus{oownaug = 4Dd ‘ewodtes sisodey] = gy :sasoueip jeowi)
'Syam g > ssau|jt Suturyap SQIV 10 ‘A[juo aanisodosas A[H = ( ‘sisoudeip 1s11.{ = X 15| ‘Syuow = |y :uoneinq SAIv
QBN [RIUSLIQD = O ‘d1BWag YA = M QW Y = M ‘Sieak = & :sorydesSowag

WIN[{2q3130 pue

ewod Asdoiq ureiq isod

‘g[[npaw ‘suod ut d-| - - 1d-14 318urs O4d ssnyip /snip1eso£w ‘eruowndud (dDd) N6 dAM AtE 6¢
1DIejUL JB[3q313d PO - - - gIN ‘D (830} sAep ¢ eayueIp/dDd 0 INM A0E 8¢
AWWD Ylim 10avjUl [esouald s3a) jo
p10d [euids sroesoy - NODIW - —_ sisAjesed/[VIA ‘S (dDd) W9z dAM ATV LE
TVIWION — - - — D snneday anoe 0 WO A€ 9¢
suoisa] ewoydwA] g\ ‘WH ‘dH 94
urgiim HONIN AIH duLd - dN asnyip S “ISNOd (S WL JAM AvE S¢
Noam | Jusuwiiean YIH ‘YL ‘g d
sisowse|doxoy qn - d ‘D9 ‘anW IsNYIp dOd ‘S “TISNOd (dDd) WeE qAM A8E 123
Ayredojeydasusoons) [e1ouad {(jeooy) J3eyuoway
Ayored — - - dH ‘g paxiw 1D "TWHN (pueD) N8I JAM ATE €€
d ‘4D ‘P2 dH
‘YL ‘Og (1ed0)) QUI[O9p sniels
Ayredoreydasusoong| — — — g\ ‘3] paxiu [ewow A [ /eruownaud (dDd) NE NM A6C €
Ayredosnau [eroyduad
Aydoxne [eomod - - - - Injured /TN HN (wap) N1 WM ATV [§3
SNOW 1.l d ‘Dd - - - TSNOd 0 JAM A19 0t
snInoseA sisowsejdoxol
SNDIA ewse|doxol - - Qiim fedojiniut - [BIq2I130 (pueD) N8I dm A6C 6T
SISOIO3U JB[NISeA s101ejut pue safeyioway
yna sisojjidradse - - - - [e2q2123 Sdujnu (i) W81 JANM AVS 8¢
Aydone [eonioo — — — — IVIN ‘AND 'dDd (IVIN) INT dM A0T Lz
uoIs3] AIND piod sisasedered pue
Jequnjoseioy) - [eutds - - pajudwap Wy/TVIN (dDod) Wy JdAM ALY 9C
SNI[NOSEA sisowse[doxol
SNOIN ewsejdoxol - - ilm [edojnnui - [81q3130 (&S W9 WM A8C 4
sdeyuowoy
TVINION - - - - 19 “TWHN 0 WM ATt e
SISAD SHINoseA
0) 1uddelpe sajenyul ynm sisowsejdoxol
sukosoydwi| [eardfe — — [edojn{nw 0g asnip [e1q2133 (IVIN) MT WM AST %4
SISOI2dU AJAD 9] stunal
[e10] IB{[5q313D - ‘Ad "Dd - - ‘AIND PaleuluIassIp (dDd) NS AWM A6b [44
sisougel(q ewoydwiy AND ewsejdoxo], «Stijeydasuy uoneursojuf |BIMUID (xqsn soydead ase)
SND 13410 AIH /sisoudeiq Asdojny uoneanq SAIV -owd(]

(panunuod) IV Yl sjudned 6¢ ul sBuipur {sdojny pue uoljeuriojuj jesiur))) jo AIewwing °y jqe]

445

Volume 19, No. 4 — November 1992
https://doi.org/10.1017/50317167100041627 Published online by Cambridge University Press


https://doi.org/10.1017/S0317167100041627

THE CANADIAN JOURNAL OF NEUROLOGICAL SCIENCES

Table 2. Summary of Neuropathological Findings in 7 Brain Biopsies of AIDS Patients.

Case # Demographics Biopsy Diagnosis Clinical Diagnosis

1 28Y WM Lymphoma (previous biopsy was non-diagnostic) 3M AIDS (PCP); 3M toxoplasmosis treatment with size
decrease of one of two large lesions

2 43Y WM Lymphoma 10M AIDS (?7); 1M toxoplasmosis treatment with no
improvement in multiple lesions

3 28Y WM Gliosis and inflammation 8M HIV positive; frontal lobe staphylococcal abscess

4 S50Y WM Progressive multifocal leucoencephalopathy,

with severe mixed chronic inflammation 12M AIDS (MALI); 2M occipital lobe lesion

5 48Y WM? Lymphoma 24M HIV positive; multiple lesions; Good response to
radiation post biopsy

6 28Y WM Lymphoma 4Y post-transfusion infection; SM neurological symptoms

7 31Y WM Granulomata and non-HIV multinucleated giant cells 2M AIDS (MALl); mycobacterial culture positive from

blood before biopsy

Demographics: Y = years; WM = White Male; WF = White Female
Clinical diagnosis: M = months; PCP = Pneumocystis carinii pneumonia; MAI = Mycobacterium aviumiintracellulare
a = History of administration of zidovudine (AZT).

Table 3. Distribution of Neuropathologic Lesions in 39 Autopsy Patients with AIDS (St. Paul’s Hospital, Vancouver)

Condition Number of Patients Distribution in Brain Associated Conditions

Normal 3/39*

Cortical atrophy only 4/39

Rare MGN only 2/39

Lymphoma 11/39 (28%) 8 Basal ganglia/periventricular HIV, MNGC, CMYV or toxoplasma in 9/11

HIV Encephalitis
(MNGC)

Toxoplasma

Cytomegalovirus

Focal brainstem
leucoencephalopathy

10 infiltrative (3 unifocal)

I Lymphomatoid

Granulomatosis-like (pons)
17/39 (44%)

9 diffuse
3 mixed
5 focal MGN only

7/39 (18%)
5 necrotic lesions (1 unifocal)
2 dormant cysts only
(both recently treated)

9/39 (23%)

6 necrotizing lesions

3 MGN-associated inclusions

5/39 (13%)

3 Cortical with meningeal spread

8 Cortical white matter
(frontal most affected)

11 Basal ganglia

11 Brainstem

8 Thalamus

4 Hippocampus

4 Cerebellum

Multifocal cerebral white matter,
basal ganglia, brainstem,
cerebellum

6 Periventricular lesions

2 Generalized MGN, some with
CMYV inclusions

1 Cortical MGN with CMV

1 Cerebellar folial necrosis

2 Spinal cord focal necrosis

Multifocal 0.5 mm or smaller

vacuolar lesions in basis pontis,
medulla, cerebellar white matter

AIDS CNS lymphoma patients (see below)

3 CMV encephalitis (periventricular)
1 CMV, MGN-associated

5 Toxoplasma (2 dormant cysts only)

3 HIV MNGC in lymphoma lesions

3 HIV MNGC in other regions of brain
with lymphoma lesions

3 with associated vasculitis

1 Mixed toxo/lymphoma lesion

2 Additional patients treated 3 years and
4 months before death for toxo died with
CNS lymphoma

3 HIV MNGC

3 Lymphoma elsewhere in brain

2 HIV MNGC associated with focal lesions
2 CMV elsewhere in the brainstem
1 Toxoplasmosis (frontoparietal)

Cryptococcus 2/39 Residual meningeal organism | Lymphoma with meningeal

after amphotericin B treatment and basal ganglia lesions
Progressive multifocal 1/39 Generalized small angiocentric MGN associated with HIV or CMV
leucoencephalopathy white matter lesions
Aspergillus 1/39 Meningeal and parenchymal No associated lesions

necrotizing vasculitis with

multifocal acute hemorrhage
MNGC: multinucleated giant cells of HIV-type

MGN:

microglial (focal aggregation) nodules

* All three patients with normal-appearing brains at autopsy were HIV-positive individuals who died after a brief illness with no AIDS-defin-

ing criteria.
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was 5 months (range O to 14 months); for patients with the more
destructive-appearing diffuse infiltration of MNGC pattern,
mean survival was 14.7 months (2 weeks to 36 months); and for
the overlapping pattern, mean survival was 9.3 months (3 to 18
months). On this basis, it is suggested that MGN-associated
HIV lesions may appear at an earlier stage of brain infection by
HIV than the diffuse infiltrative distribution of HIV-type
MNGC, and possibly may precede the latter pattern.

The sites most often affected by MNGC-associated lesions
were frontal white matter, basal ganglia, and thalamus. In all
patients with HIV-type MNGCs, at least some of the brain
examined appeared to lack these cells, and had a more normal
appearance than parenchyma containing either of the patterns of
-~ HIV infection mentioned above. Brains with MNGC associated
with discrete microglial aggregations were often found to have
many other capillary-centered MGN without MNGCs. The dif-
fuse distribution of MNGC, principally in white matter tracts
and basal ganglia, was associated with obvious parenchymal
rarefaction, prominent astrocytosis, and coarse vacuolation. The
diffuse pattern tended to contain more capillary-centered brown-
pigmented debris and generally showed more advanced degen-
erative changes than the focal HIV MNGC-associated micro-
glial nodule pattern. These changes included degeneration of
scattered neurons in the basal ganglia, and capillary basement
membrane calcification in the putamen of five patients.

HIV encephalitis, defined to be present when MNGC were
found, was present in 4 of 8 zidovudine-treated patients, and in
13 of 31 patients with no zidovudine therapy. Chi square analy-
sis indicates that this difference is not significant (p > 0.2). The
interval since discontinuation of zidovudine was not considered
in this study.

Lymphoma: Eleven of the 39 autopsied patients studied had
central nervous system lymphoproliferative lesions (Figure 1);
only one of these patients had systemic lymphoma. Seven patients
had multifocal infiltrative lymphoma, with similar cellular mor-
phology in all foci, while three patients displayed unifocal infil-
trative lymphoma, and one patient had a unifocal lymphomatoid

A
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granulomatosis-like angiocentric pattern® of markedly atypical
lymphocytes (Case 21). The regions of distribution of the multi-
focal lesions indicated meningeal spread in three patients,
periventricular spread in eight patients, and evidence of both in
two patients.

Table 3 indicates the distribution of lesions within the brain
for all patients, and the association of lymphoproliferative
lesions with opportunistic infection by Toxoplasma gondii and
cytomegalovirus, as well as morphologically distinctive HIV-1
lesions (MNGCs). Nine of the eleven patients with lymphopro-
liferative lesions also had at least one of these three infectious
organisms present (82%), in the relatively modest parenchymal
sampling used. These three types of infectious lesions were
found in 12 of 28 patients (43%) with no lymphoproliferative
lesions in this series. An additional patient with treated crypto-
coccal meningitis had extensive infiltration of [ymphoma within
meninges and adjacent brain parenchyma.

Lymphoma lesions in five patients contained HIV-type MNGC,
or had them at the periphery of lesions (Figure 1). Association
of an atypical lymphocytic proliferation with a necrotic focus of
toxoplasmosis was seen in one patient (Figure 2). The lym-
phoma lesions were morphologically typical of B-cell lesions in
all cases, with four patients showing a pattern consistent with
small, non-cleaved cell type, two consistent with pleomorphic
large cell type, and five typical of immunoblastic lymphoma.

Zidovudine-treated patients accounted for three of the cases
of primary central nervous system lymphoma (PCNSL), from a
total of eight treated autopsied patients included in the study.
The remaining 31 untreated patients included seven with PCNSL,
and one with central nervous system involvement by systemic
lymphoma. Systemic lymphoma had been previously diagnosed
prior to death and treated, or was evident at autopsy, in six
patients not treated with zidovudine (five non-Hodgkin’s and
one Hodgkin’s lymphoma), and one zidovudine-treated patient.
Chi square analysis of the significance of the difference in inci-
dence of PCNSL (p > 0.1), and in the incidence of all lymphoma
(p > 0.1) between zidovudine-treated and untreated patient
groups showed that the differences were not significant. The
mean survival after the diagnosis of AIDS in all zidovudine-

Figure 1A — Pontine lymphoma (Case 35). B. Micrograph of a portion of the same lesion showing HIV-type multinucleated giant
cells (arrows) within an infiltrative, partially necrotic lymphoma lesion. Hematroxylin and eosin. Magnification bar = 50 micronme-

ters.
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Figure 2 — Toxoplasma cysts (arrows) at the border of an arypi-
cal lymphocytic infiltrate in a necrotic lesion, in a patient
with multifocal necrotizing toxoplasmosis (Case 23). Inset:
Toxoplasma cyst. Hematoxylin and eosin. Magnification bar
= 50 micrometers.

treated persons was [8.0 months (range 0 months to 33 months),
while the mean survival of all non-treated patients was 6.9
months (range 0 months to 48 months). The mean survival after
the diagnosis of AIDS for patients without lymphoma was 8.3
months, while zidovudine-treated patients with PCNSL survived
an average of 14.1 months (range 0 to 33 months) and untreated
patients, 13.3 months (range 2 to 33 months). The mean survival
of patients with either PCNSL or systemic lymphoma was also
longer than the mean survival of patients without lymphoma:
14.5 months (range 0 to 33 months) for zidovudine-treated
patients, and 9.1 months (range 0 to 36 months) for untreated
patients. Survival after the appearance of neurological symp-
toms attributable to intracranial mass lesions of central nervous
system lymphoma was less than 4 months for all of the patients
studied. The incidence of lymphoma therefore appears to increase
with increased duration of survival with the diagnosis of AIDS
in both zidovudine-treated and untreated groups.
Toxoplasmosis: Toxoplasmosis was evident in seven patients,
with extracerebral Toxoplasma not found in any of the patients,
although ocular infection was demonstrated in one patient with-
out cerebral toxoplasmosis. Severe necrotic toxoplasmosis lesions
were deemed to be the cause of death in three patients, and one
other patient died of post-biopsy complications. Inflammation of
parenchymal vessels (vasculitis) was seen in one or more of the
multifocal lesions of the three patients in whom they were the
cause of death, with small, petechial hemorrhages found in two.
Microglial nodules were observed at the periphery of cyst-con-
taining lesions, and were thought to be Toxoplasma-associated
in three patients. Two of the patients with Toxoplasma cysts
lacked any associated inflammation or necrosis; both had had
recent toxoplasmosis treatment. Three patients with toxoplas-
mosis at autopsy also had lymphoproliferative lesions, including
one with atypical lymphocytic infiltrates around necrotic lesions
with numerous Toxoplasma cysts at the periphery (Figure 2).
Another patient (Case 20) with a clinical history of cerebral toxo-
plasmosis had treatment for toxoplasmosis after the recurrence
of neurological symptoms for | week, and no histological evi-
dence of cysts, but demonstrated infiltrative lymphoma within a
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large basal ganglia lesion, along with multifocal centrally
necrotic, partially calcified lesions typical of toxoplasma infec-
tion. Two other patients having no histological evidence of past
or present Toxoplasma infection at the time of autopsy had been
treated for intracerebral toxoplasmosis 3 years and 4 months
prior to death; both expired with primary central nervous system
lymphoma.

Cytomegalovirus: Cytomegalovirus (CMV) parenchymal
infection, usually involving periventricular areas, was evident in
6 of the 39 autopsy cases studied; three other patients had CMV
nuclear inclusions within microglial nodule-associated capillary
endothelial cells. Combined CMV/HIV, CMV/Toxoplasma, and
CMV/lymphoma lesions were not identified in any of the
patients, although patients with CMV encephalitis also demon-
strated HIV MNGC (3 patients) and lymphoma (3 patients) in
other regions of the brain. Two patients with extensive infarct-
like lesions of spinal cord dorsal columns displayed CMV
nuclear inclusions in vascular endothelial cells within these
lesions. Both patients had capillary-associated MGN, some with
endothelial CMV inclusions, in several regions of their brains.
Severe focal CMYV infection of cerebellar folia, with inclusions
found in Purkinje cells, as well as cells of the molecular and
granule cell layers, was found in one patient (Figure 3).

Focal pontine (brainstem) leucoencephalopathy:26 Five
patients showed multiple foci of punctate, intramyelinic vacuo-
lation and axonal spheroid formation in the parenchyma of the
brain stem, including the central basis pontis, medulla and cen-
tral cerebellar white matter (Figure 4). While surrounded by
unremarkable parenchyma, these foci displayed little inflamma-
tion, and loss of oligodendrocytes in white matter and neurons
in grey matter, with adjacent neuroaxonal spheroids. No appre-
ciable calcification was apparent in any of these lesions. Three
of the individuals displayed HIV-type MNGCs elsewhere in the
brain, and one had these cells within a cerebellar lesion
(Figure 4). In addition, two of the five patients who showed sev-
eral minute foci of white or grey matter vacuolation in the cen-
tral basis pontis, and central medulla and midbrain, also had
periventricular CMV infection of the brain stem. The two
patients with extensive infarct-like lesions of thoracic and lum-
bar spinal cord associated with CMV nuclear inclusions in
endothelial cells both had central pontine and focal central
medullary focal vacuolations.

Additional neuropathologic findings: Less frequently observed
infectious organisms found in the series of autopsies included
cryptococcal meningitis in two patients with recent ampho-
tericin B treatment showing a few residual intact organisms.
Extensive aspergillosis involving meningeal and parenchymal
vessels was found in one patient, who had demonstrated neuro-
logical symptoms of headache and acute dementia for a short
time prior to death. Extensive parenchymal hemorrhages were
seen in the frontal lobe and brainstem of this patient, as a result
of transmural acute inflammation of infected blood vessels
(Figure 5). Progressive multifocal leukoencephalopathy was the
cause of death in one autopsied patient, and was found in a
biopsy specimen.

Biopsy Diagnoses: The seven patients with surgical biopsies
who did not come to autopsy included four with the biopsy
diagnosis of lymphoma, one with progressive multifocal leuko-
encephalopathy, one with a Staphylococcal abscess, and one
patient with meningeal and adjacent parenchymal granulomata
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A

Figure 3A. — Focus of cytomegalovirus infection in cerebellar folia (Case 22). B. Higher power micrograph of another portion of
the lesion showing cytomegalic cells and nuclear inclusions, including a probable Purkinje cell (arrow). Hematoxylin and eosin.

Magnification bars A = 200 micrometers, B = 50 micrometers.

Figure 4 — Punctate lesion of focal extra-pontine leucoen-
cephalopathy in the central cerebellar white matter (Case 39).
Unremarkable white matter surrounds a focus of necrosis, vac-
uolation, axonal spheroids, and an HIV-type multinucleated
giant cell (arrow). Hematoxylin and eosin. Magnification bar =
50 micrometers.

with no stainable acid-fast bacilli, but a clinical history of posi-
tive mycobacterial cultures.

Distribution of Diagnoses: A summary of the distribution of
neuropathologic abnormalities identified in the 39 autopsies is
presented in Table 3. Multiple infections were found in 10 of the
patients. A relatively high percentage of central nervous system
lymphoma (28%) was found, compared to previous series, prob-
ably due to the selective inclusion in the series of mostly symp-
tomatic patients. HIV MNGC were present in 17 patients (44%).
Microglial nodule encephalitis (the subacute encephalitis
defined by some authors®), was found to be associated with HIV
in 8 patients, Toxoplasma in three patients, CMV in 3 patients,
and two patients with a few microglial nodules did not contain
an associated identifiable organism.
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DISCUSSION

The relatively high percentages of neuropathological lesions
found in this investigation of all autopsies of AIDS patients at a
single Vancouver hospital, representing approximately 10% of
all AIDS patients dying there during this period of time, reflects
selection of individuals with significant neurological symptoms.
Autopsy bias, discussed by Wiley and Nelson,? tends (o accen-
tuate the incidence of serious pathologic abnormalities in any
such survey. Careful consideration of the autopsy bias in this
study, with a low percentage of cases examined compared to
total AIDS patient deaths in the population, should be kept in
mind in comparisons with surveys in which higher percentages
of all AIDS deaths were autopsied. For example, in the Swiss
series'® in which 73% (135 of 184 patients) of all AIDS patients
were examined for neuropathological abnormalities, and the
series from San Francisco studying 94 of 104 consecutive
patients,? the percentages of CNS lymphoma were found to be
3.5 and 7.4%, respectively. In the present study, where 11 CNS
lymphomas were demonstrated in 39 patients from a total of 390
AIDS patient deaths, the percentage of the total population
affected extrapolates to 2.8%, but it is unlikely that all CNS
lymphomas were included in the cases autopsied, despite the
bias in the autopsy patients we have studied toward inclusion of
those with neurological symptoms. The presence of symptomatic
neurological disease in the subjects is not stated in most of the
other autopsy series. CMV encephalitis was found in 17% of the
autopsy cases, compared to the percentages found in Los
Angeles (16%),' New York (26%),* and Switzerland (7%),'? all
in populations with homosexuality as the predominant risk fac-
tor. Vasculitis was found to be associated with Toxoplasma
infection in three patients, and in one patient with vascular
infection by aspergillosis, while no evidence of vascular wall
inflammation/destruction was seen in patients with CMV or
HIV encephalitis. Two patients with symptomatic destructive
lesions of the dorsal columns of the spinal cord were found to
show CMYV inclusion cells in the lesions. Toxoplasmosis in a
fulminant form was evident in 5 of 39 autopsies (13%). Other
neuropathology associated with opportunistic infections was
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Figure 5A. — Coronal section displaying multifocal acute
hemorrhages resulting from aspergillosis of many parenchymal
blood vessels (Case 28). B. Meningeal vessel of the frontal lobe
has extensive acute inflammation and rupture of the arterial
layers (arrowhead). Small arrows indicate site of inset.
Hematoxylin and eosin. Inset. Gomori methanamine-silver stain
of the same vessel demonstrates fungal hyphae throughout the
wall. Magnification bar B= 200 micrometers.

also comparable to other series. The lesions of focal pontine
(brainstem) leucoencephalopathy, which is usually not consid-
ered separately from other manifestations of HIV-related leuco-
encephalopathy, may be related to the multifocal vacuolar leu-
coencephalopathy defined primarily in the cerebral hemispheres
by Schmidbauer and colleagues®® and Budka,?? lesions which
sometimes contain HIV by immunohistochemistry, or by pres-
ence of HIV-type MNGC. Both CMV and HIV infection were
evident in the brains of the AIDS patients studied here, but such
lesions also occur in the absence of viral infection in patients
immunosuppressed for other reasons (26, and unpublished
observations by HVV).

HIV encephalitis, defined by the presence of MNGC of HIV-
type in the brain parenchyma, rather than the simple presence of
microglial nodule encephalitis, was present in 17 autopsied
patients (44%). MNGC were distributed in the brain in two pat-
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terns: scattered discrete MGN in white and grey matter sur-
rounding one to several MNGCs, and non-focal, diffuse distri-
bution of MNGCs regionally throughout white matter tracts,
sometimes with angiocentric collections of many macrophages
and MNGC:s. In this study a few patients displayed both patterns
in different regions of the brain. The differentiation of these two
overlapping patterns of HIV encephalitis has been previously
reported,'#2223 but here evolution of HIV brain infection starting
as microglial nodules at the site of HI'V penetration of the brain
capillary endothelium, and extending through the white matter
in a diffuse destructive infiltrative pattern regionally, is suggested
by the observation that patients with the MGN-associated pat-
tern have, on average, a shorter history of profound immunosup-
pression. In this study, cases with microglial nodule-associated
MNGC had a shorter mean duration of survival with the diagno-
sis of AIDS than did patients with a diffuse distribution of
MNGCs and the appearance of degenerative changes within
white matter. Regions of vacuolated white matter without
MNGCs present could result from past HIV infection, or repre-
sent connecting tracts with Wallerian degeneration and subse-
quent secondary demyelination.

Primary central nervous system lymphoma was found in 14
of 46 patients, while systemic lymphoma was present or had
been previously treated in another 8 patients, including one with
probable secondary central nervous system involvement by lym-
phoma. Zidovudine treatment was not significantly associated
with an increased incidence of systemic lymphoma or primary
central nervous system lymphoma. The mean duration of AIDS
diagnosis was longer in patients with CNS lymphoma, in both
zidovudine-treated and untreated patients, than the average sur-
vival of untreated patients with no lymphoproliferative disorders
at autopsy (14.5 months and 13.3 months respectively, com-
pared to 8.3 months for the latter). These observations tend to
support the conclusion of Pluda and coauthors?® that longer
duration of survival of AIDS patients with antiretroviral therapy
will be associated with an increased incidence of lymphoprolif-
erative disorders, but indicates that untreated patients with simi-
larly long duration of survival with the diagnosis of AIDS are
equally likely to develop lymphoma as those with zidovudine
treatment.

Interesting observations on the association of primary central
nervous system lymphoma with infection of the brain parenchyma
by HIV or other opportunistic organisms, and the predominance
of periventricular spread of lymphoma also emerge from this
study. Nine of eleven autopsied patients with primary central
nervous system lymphoma (all of B-cell morphology) had HIV
encephalitis (6 patients), toxoplasmosis (4 patients), or CMV
encephalitis (3 patients). HIV-type MNGC were present within
or at the periphery of lymphoma lesions in four of these
patients. HIV has been shown to be preferentially localized in
CNS lymphoma lesions of AIDS patients by immunohistochem-
ical methods.®® The periventricular distribution of lymphoma
lesions in a majority of the cases examined here corresponds to
the usual distribution of CMV encephalitis,’'-* and occasionally
disseminated Toxoplasma. The frequent occurrence of frontal
lobe white matter and basal ganglia lymphoma also parallels
these sites as the most frequent locations of HIV encephalitis in
this group of patients. Two patients who had been treated in the
past (3 years and 4 months before death) for cerebral toxoplas-
mosis with improvement of symptoms, and no evidence of


https://doi.org/10.1017/S0317167100041627

toxoplasmosis at autopsy, eventually died with primary central
nervous system lymphoma. One individual dying with extensive
Toxoplasma lesions displayed a single focus of infiltrative lym-
phoma within one lesion. Toxoplasma lesions of AIDS patients
have been observed to be associated with intracerebral lym-
phoma.'-? Patients without central nervous system lymphopro-
liferative lesions showed other brain infections in a smaller per-
centage of patients than the group with lymphoproliferation
(40% compared to 80%). The suggestion is therefore made that
AIDS central nervous system lymphoma develops in parenchy-
mal inflammation responding to infectious destruction of
parenchymal cells, by HIV or another opportunistic infection
eliciting an inflammatory response. Morgello and coworkers
have previously suggested this interpretation of the relationship
of infection, particularly CMV encephalitis, with the occurrence
of CNS lymphoma in AIDS, a relationship not found in CNS
lymphoma of other patients.™

This investigation documents that the AIDS-associated
neuropathology of a mostly homosexual risk factor cohort in
Vancouver, British Columbia, is qualitatively the same as found
in other areas, although quantitatively, lymphoma may be more
frequent in neurologically symptomatic individuals. More
extensive examination of the hypotheses that lymphoma is asso-
ciated with prior central nervous system infection, including
HIV-1 infection of parenchymal celis, and that HIV central ner-
vous system infection proceeds regionally with initial stages
represented by HIV-associated MGN and later stages by diffuse
HIV MNGC in an infiltrative, destructive pattern, with predilec-
tion for the basal ganglia, is suggested.
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