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Opportunistic protozoan infections in human
immunodeficiency virus disease: Review
highlighting diagnostic and therapeutic aspects

A Curry, A J Turner, S Lucas

Introduction
Opportunistic protozoan infections are among
the most serious infections in patients with
AIDS."A They cause severe morbidity and
mortality; because many are treatable, it is
important that early and accurate diagnoses
are made. This is normally accomplished by
direct microscopic visualisation of the parasite
in infected tissues or body secretions. Rigid
adherence to normal diagnostic procedures
may not be appropriate in patients with AIDS
because the site and manifestation of some of
these infections may be unusual. Experience
of these conditions among histopathologists
and microbiologists is extremely variable.
Furthermore, treatment of the protozoan
infections in patients with AIDS is often com-
plicated by severe side effects and a high rate
of recurrence.
We review the known protozoan infections

in human immunodeficiency virus (HIV)
seropositive people, the appropriate tissues to
sample, the light and electron microscopic
appearances, and briefly outline appropriate
antibiotic treatment. The protozoa identified
to date in these patients are listed in the table.

AIDS. The AIDS epidemic has considerably
increased our awareness of this organism,
which is now known to be a common child-
hood infection among the immunocompetent
in whom the infection is self-limiting.8 In
patients with AIDS and in other immuno-
compromised groups infection can be both
protracted and life threatening. It has a par-
ticularly high incidence in HIV positive
patients with diarrhoea in Africa" and it is
found in up to 10% of most series of HIV
positive patients with diarrhoea in the United
Kingdom and the United States of America.
The gastrointestinal tract from oesophagus to
rectum, the biliary tract including intra-
hepatic ducts, and the bronchial tree can be
infected in patients with AIDS.'2"3 Infection
is caused by the ingestion of oocysts in food or
water.

Cryotosporidium under both the light
microscope and the electron microscope
occupies an extracytoplasmic location within
an intracellular parasitophagous vacuole (figs
1, 2, and 3). Laboratory diagnosis of Crypto-
sporidium infection requires the staining of
oocysts in faecal smears with modified Ziehl-
Neelsen or auramine stains.'4 Monoclonal

Predominantly intestinal infections
Various infectious agents have been found in
the gastrointestinal tract of patients with
AID 5,-7 some of which may be associated
with symptoms. For potential protozoan in-
fections, several stool samples should be
examined for cysts or oocysts before invasive
procedures are considered. If microscopical
examination of wet preparations or fixed and
stained stool samples fails to show the
presence of an infectious agent, then biopsy
may be necessary. A rectal biopsy specimen,
which is easily taken, may indicate the
presence of a protozoan infection, but it is not
always the most appropriate site of the intes-
tine to sample. For some protozoan infections,
such as microsporidiosis, diagnosis is impossi-
ble without biopsy of the small bowel.
Coccidioses Coccidian protozoa are all
intracellular parasites with complex life cycles
comprising asexual (schizogony), sexual
(gametogony), and sporogenous phases. At
some stage in their respective life cycles, all
possess characteristic structures, which can be
seen under the electron microscope.
Cryptosporidium Now the most well recog-
nised of intestinal coccidia, °0 human
Cryptosporidium infection was considered to
be both rare and zoonotic before the advent of

Protozoa found in HIV seropositive patients

Phylum sporozoa (alt: Apicomplexa)
Class Coccidea
Order Eimeriida

Cryptosporidium
Isospora
Sarcocystis
Toxoplasma

Class Piroplasmea
Order Piroplasmida

Babesia
Class Haemosporidea
Order Haemosporida
Plasmodium

Phylum Microsporidia (alt: Microspora)
Class Microsporea
Order Microsporidia

Encephalitozoon
Enterocytozoon

Phylum Rhizopoda
Class Lobosea

Entamoeba
Acanthamoeba

Phylum Metamonada
Class Anaxostylea
Order Diplomonadida

Giardia

Phylum Kinetoplasta
Order Trypanosomatida

Trypanosoma
Leishmania

Possible protozoon: Blastocystis

Protozoon or fungus: Pneumocystis
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Opportunistic protozoan infections in HIV disease

Figure 1
Cryptosporidium in a
rectal biopsy specimen.
Note the superficial
location of this parasite
(haematoxylin and eosin).

antibodies have been used on faecal smears
and paraffin wax sections, but they stain only
oocysts and not the smaller trophozoites.15 A
rectal biopsy specimen shows the parasite in
many cases, but a duodenal biopsy specimen
is probably more sensitive; both tissue biopsy
specimens and faecal smears can identify a
small proportion of organisms that the other
modality has missed.'6
Attempts to treat Cryptosoporidium infec-

tion have met with limited success. Most
reports concern the use of spiramycin17;
relapses are common, occurring in up to 50%
of patients at three months. Although a large
number of other drugs have been used, there
is no established effective treatment.
Isospora Before the advent of AIDS there
were few recorded human intestinal infections
caused by Isospora belli.5 In some countries or

in ethnic groups within countries, however,
isosporiasis is relatively common in patients
with AIDS.'8 In the United States of America
the incidence among Hispanics with AIDS is
8%; the incidence among others with AIDS is
1%.19 A similar high incidence of I belli has
been noted in Haitian patients with AIDS
(12%) and in Africa." 1618 20 This organism has
also been recorded in patients with AIDS in
the United Kingdom (S Lucas, personal ob-
servations). The zoonotic reservoir-if there
is one-is unknown.

Chronic watery diarrhoea is the major
symptom of isosporiasis. Infection is pre-
sumably through ingestion of oocysts in food
or water. The infected enterocytes of the small
intestine (the main organ infected) show com-
pletely intracellular and intracytoplasmic
parasites (figs 4-7). There is some evidence for
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Figure 2 Electron micrograph of a human rectal biopsy
specimen showing intracellular but extracytoplasmic
location of a late trophozoite stage of Cryptosporidium.

Figure 3 Electron micrograph ofa schizont of
Cryptosporidium.
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Figure 4 Four zoites of Isospora seen in cross section
(arrowhead) within a duodenal enterocyte
(haematoxylin and eosin).

latency, as isosporiasis may develop several
months or years after presumed exposure.'9
Mild to severe mucosal inflammation, often
with eosinophilia, and crypt hyperplastic
atrophy occur; the parasites vary in abun-
dance. Extraintestinal infection by Isospora
has been described in a patient with AIDS in
whom both the small and large bowel were
infected; the organism was also found in
mesenteric lymph nodes.2'

Figure S Six sickle-shaped zoites of Jsospora seen in
longitudinal section in a duodenal biopsy specimen
(arrowhead) (haematoxylin and eosin).

Figure 6 Early schizonts of Isospora-large granular
mononuclear cells arrowed (haematoxylin and eosin).

Laboratory diagnosis of Isospora depends
on faecal examination for oocysts (fig 8) or a
biopsy of the small intestine where the enteric
stages may be found in the gut wall. Com-
petent histological diagnosis is complicated by
the similarity of this organism to both Sarco-
cystis and Toxoplasma; it is larger than micro-
sporidia. Like Cryptosporidium, tissue biopsy
specimens and faecal smears identify small
numbers of cases the other modality has

Figure 7 Multinucleatedgametocyte of Isospora in an
enterocyte (haematoxylin and eosin).
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Figure 8 Faecal smear
with four ovoid oocysts of
Isospora belli (modified
Ziehl-Neelsen).

missed, but faecal smears are more sensitive.'6
In some reports patients with isosporiasis

have responded well to co-trimoxazole, al-
though recurrence is common (about 50%).
Prophylaxis with co-trimoxazole or pyrimeth-
amine-sulphadoxine prevents recurrence for
up to 16 months, with a low rate of adverse
reactions." In a Zambian study, however,
patients with diarrhoea associated with iso-
sporiasis did not improve on co-trimoxazole.'6
Sarcocystis Sarcocystis hominis and
S suihominis intestinal infections are rare. A
recent report in an HIV infected person23 and
the case illustrated here were attributed to
Sarcocystis (fig 9). Infection is probably
exclusively zoonotic in nature. Consumption
of poorly cooked, infected muscle releases
zoites which infect the enterocytes; the sexual
phase of the life cycle then takes place, caus-
ing diarrhoea. Oocysts are excreted in faeces
(fig 10) and these are similar to those of Isosp-
ora, although they have more delicate walls
and are more spherical.

Other enteric protozoa
MICROSPORIDIOSIS
Microsporidia (or microsporans) are a wide-
spread group of obligate intracellular parasitic
protozoans, characterised by the possession ofa
coiled filament seen by electron microscopy
within the small resistant spores.24 Once the
spores have been ingested, this filament uncoils
and injects the infective sporoplasm directly
into the host enterocytes, where proliferation
occurs. Recorded cases of human infection
remain uncommon, but this group of organ-
isms is now assuming some prominence in the
spectrum of opportunistic infections found in

patients with AIDS. Enterocytozoon bieneusi,
which was first described in such a patient,25 26
seems to be the commonest human micro-
sporidian infection. This organism has only
been found in symptomatic patients (up to
6 5%)27 in whom the major features are mal-
absorption and diarrhoea. Its role in the
pathogenesis of diarrhoea is still being debated.
It seems to replicate and produce spores
exclusively within the small intestinal wall
without evoking any major tissue response. A
duodenal or jejunal (not rectal) biopsy
specimen is therefore necessary for diagnosis.
Demonstration of the organisms within small
intestinal enterocytes is possible using simple
histological strains27 (figs 11 and 12), but elec-
tron microscopical examination is required for
definitive diagnosis, and is more sensitive (figs
13 and 14).28 Faecal smear examination is not
useful because the small size of the spores (1 x
1-7 gum) and the ability of the walls to retain
Gram stain make them indistinguishable from
Gram positive coccal bacteria. Tissue dabs
from small bowel biopsy specimens, however,
can be stained with Giemsa to demonstrate
microsporans.29

Encephalitozoon cuniculi has been reported in
a patient with AIDS with peritonitis30 and in
another with hepatitis.3' Several patients in the
United States of America have developed con-
junctival lesions (keratitis) caused by this
organism. Perforation may occur. There is
little inflammation; swabs or biopsy specimens
ofconjunctiva show Giemsa and Gram positive
1-2 im ovoid organisms, and electron micro-
scopical examination confirms the diagnosis.3233

'
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Figure 9 Duodenal biopsy specimen: oocysts of
Sarcocystis adjacent to enterocytes (arrowhead)
(haematoxylin and eosin).
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Figure 10 Faecal smear
of Sarcocystis, showing
oocysts as both colourless
refractile spheres with
internal granular zooites,
and as acid-fast sphere
(arrowhead) (modified
Ziehl-Neelsen). 4
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There is no established treatment for micro-
sporidian infection in any site.26 In a recent
report of five cases of ocular microsporidiosis
various topical antibiotics were used with no
obvious benefit.33

GIARDIASIS
Giardia lamblia is a flagellate protozoon spread
by the faecal-oral route, with a high incidence
in homosexual men.3 Enteric infection is often
asymptomatic. The infection is found globally
in HIV seropositive people; so far, there is no
evidence that it is more or less common in such
patients with diarrhoea compared with those
who are HIV negative. Conventional thera-
peutic regimens are adequate for these infec-
tions in patients with AIDS.34

AMOEBIASIS
Intestinal infection with Entamoeba histolytica
may be found in 20% of homosexual men,
irrespective of gastrointestinal tract symptoms,
and similar prevalences are seen in HIV
positive homosexual men with diarrhoea.35 So
far, all these infections have taken the form of
non-invasive luminal carriage of amoebae, and
not invasive amoebiasis proper.36 Isoenzyme
characterisation of pathogenic compared with
non-pathogenic strains ofE histolytica that are
morphologically identical may be done in
special centres, and confirms the lack of
potentially invasive strains in HIV positive
patients in developed countries.36 In fact, given
the lack of cases of invasive amoebiasis in
Africa," 20 there may even be a significant
negative association between HIV infection
and the carriage of potentially invasive strains
ofE histolytica.37
When non-invasive infections are found in

faeces, parasitological examination shows
typical cysts and trophozoites, but the latter
rarely contain phagocytosed red cells.
Similarly, in biopsy material trophozoites may
be abundant, but they are not seen to invade
mucosa or have red cells within the cytoplasm
(fig 15). Amoebic serology, which is sensitive
and specific for invasive amoebiasis, is negative
in these patients. Conventional therapeutic
regimens are adequate for Entamoeba infec-
tions in patients with AIDS.34
Blastocystis hominis Blastocystis is an
amoeboid organism of uncertain taxonomy
which seems to have protozoan features (fig
16).38 Its role in enteric disease is just as
controversial, with some workers convinced of
its pathogenic role.39 It does not invade tissue,
and has not been confidently noted in rectal
biopsy specimens.

Beneficial effects have been claimed for
treated Blastocystis infection; drugs used
include metronidazole, 2 g daily for two
weeks,40 and co-trimoxazole,39 but the evidence
so far is limited.
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Figure 11 Duodenal biopsy specimen: two enterocytes
(arrowheads) contain spores of Enterocytozoon, seen as
small refractile haematoxophylic dots (haematoxylin and
eosin).

Figure 12 Enterocytozoon spores in duodenal enterocyte
(arrowhead); Semithin (Giemsa).
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Opportunistic protozoan infections in HIV disease

Figure 13 Electron
micrograph of a spore of
Enterocytozoon bieneusi in
human small intestinal
biopsy specimen. Note
profiles of internal coiled
filament, characteristic of
this group of intracellular
parasites.

Predominantly extra-intestinal
infections
TOXOPLASMOSIS
The coccidian Toxoplasma gondii is a common
infection which is not usually pathogenic
in immunocompetent hosts. In developed
countries 50-90% of adults are seropositive for
Toxoplasma antibodies. The life cycle begins in
cats in which the sexual reproductive phase
occurs, and continues in man (or other
mammals). Ingestion of the infective oocysts
containing sporozoites by humans initiates the
asexual cycle. The sporozoites are taken up by

macrophages in which they rapidly multiply
and are carried to various organs. Rupture of
the macrophages releases the tachyzoites which
disseminate the infection. Ultimately the
organisms become enclosed in dormant (latent)
tissue cysts in brain and muscle. Clinically
important disease in man is largely restricted to
congenital infection, generalised lymph-
adenopathy in primary infection, and reac-
tivated infections in the immunocompromised
including HIV positive patients.4' The most
important manifestation in HIV infected
patients is encephalitis, often necrotising and

Figure 14 Electron
micrograph of an early
sporont of Enterocytozoon
bieneusi indenting
enterocyte nucleus. Note
random profiles of spore
filaments.
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Figure 15 Rectal biopsy specimen: abundant
trophozoites of non-pathogenic Entamoeba histolytica
adjacent to mucosa. The amoebae have not phagocytosed
erythrocytes (haematoxylin and eosin).
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dealing with patients with AIDS because of necro
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tissue (figs 17 and 18) or smears can provide the there
most dependable diagnosis and this may
require immunohistochemical techniques (fig
19) to identify positively the parasite. The use at
of such invasive procedures is controversial,
and if Toxoplasma encephalitis is suspected on
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Figure 16 Three Blastocystis organisms in afaecal
smear, with surrounding bacteria (Giemsa).
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il grounds anti-toxoplasma treatment is
started without a definitive diagnosis.
- treatment of toxoplasmosis in patients
AIDS has been reviewed recently.4546
Lethamine plus a sulphonamide is the
lent of choice. A high rate of relapse has
recommendations that prolonged treat-
is used, but the role of prophylaxis for all
its with AIDS and serological evidence of
lasma infection is not yet established.45
5esia and Plasmodium species are sporo-
,arasites which develop in erythrocytes in
mammalian hosts and in the tick and
uito vectors, respectively. In man, babe-
is uncommon, but has now been reported
:ients with AIDS in the United States of
ica.47 The disease is associated with fever,
aia, and splenomegaly. In asplenic
lts the parasitaemia may reach 40% ofred
and the haemolysis can result in

oglobinuria.'4 Diagnosis is made by iden-
g organisms in blood films. Treatment of
ia infections in patients with AIDS with
linations of pentamidine, co-trimoxazole,
ne and clindamycin has been tried but the
Ls have been variable and relapses occur.
smodium falciparum malaria occurs in
infected people in endemic zones, but the
ence and clinical manifestations seem to
) different from those in HIV negative
its.37 49 50

thamoeba Like Naegleria, Acanth-
ba is a genus of free-living amoebae. Two
of acanthamoebiasis have been documen-
n HIV positive patients. One had focal
oral signs and numerous foci of haemor-
c necrosis in cerebrum and cerebellum at
)psy." The trophozoites are seen in large
bers around necrotic vessels (fig 20), and
may be granulomatous inflammation. The
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e 17 Cerebral toxoplasmic necrosis: the
teritis and perivascular onion-skinning
whead) is typical of toxoplasmosis (haematoxylin
sin).
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Figure 18 Brain toxoplasmosis: two cysts and a cluster
of loose tachyzoites (arrowhead) (haematoxylin and
eosin) .

other case had Acanthamoeba infection of the
paranasal sinus and the dermis of the leg.52 The
trophozoites are 20-40 gm across and possess a
prominent nucleolus. Although morphological
distinction from Naegleria (which has not yet
been reported in HIV positive patients) and
Entamoeba is possible, confirmation via specific
immunostaining or culture in reference
laboratories is recommended. Usually Acan-
thamoeba encephalitis is diagnosed at necropsy;
but diagnosis through examination ofcerebros-
pinal fluid and biopsy specimens is possible.
Amphotericin and flucytosine have been
recommended for treatment.5'
The route of infection for Acanthamoeba is

uncertain, but it probably requires a skin
inoculation or nasal lesion before haemato-
genous dissemination to brain occurs.

Leishmania is a kinetoplastid flagellate
protozoan, which characteristically possesses a
DNA-rich organelle associated with the
flagellar base called a kinetoplast. Most leish-
manial infections in man are zoonotic, the life
cycle involving sandflies (the vector) and
canines or rodents (the reservoir), depending
on the Leishmania species. In man the parasite
is seen as the amastigote form (Leishman-
Donovan or LD body). Infection is often
asymptomatic in endemic areas. Clinico-
pathologically, there are four main forms of
leishmaniasis: visceral (kala azar); cutaneous;
muco-cutaneous; and diffuse cutaneous. To
date, only the first two patterns have been
reported in HIV positive patients, and all these
patients have been infected with Leishmania
infantum, the common cause of both cutaneous
and visceral leishmaniasis in Europe.2

Cutaneous leishmaniasis generally heals
with activation of macrophages, necrosis, and
parasite elimination. A patient with AIDS and
a single heavily parasitised leishmanial skin
ulcer was reported from Italy; the lesion healed
with standard antimonial chemotherapy, and at
no time was there evidence of visceralisation."
In regions of Italy where only the dermato-
tropic strain of L infantum is prevalent,
however, HIV infection can be associated with
visceral disease alone.'
Mucosal leishmaniasis affecting the palate

and pharynx has been seen in immunocom-
promised patients, including those who are
HIV positive (S Lucas, personal observations).
The pathology is granulomatous with many
LD bodies. These lesions are probably exten-
sions from facial infections.
Over 100 cases of visceral leishmaniasis have

now been reported in HIV positive patients, all
of whom have travelled to, or lived in, the
Mediterranean countries of France, Spain,
Portugal, Italy and Malta." Patients may
present with typical hepatosplenomegaly,
anaemia, and fever. Parasites can usually be
shown by aspiration of spleen, marrow, lymph
nodes or skin. Histologically, they are usually
evident in a tissue biopsy specimen such as liver
and marrow; Kupffer cells and macrophages
contain abundant LD bodies, and there is
associated plasmacytosis (fig 21).
Unusual lesions are also found. A skin biopsy

specimen for diagnosing Kaposi's sarcoma may
show LD bodies in dermal macrophages amid
the tumour lesion before there is clinical
suspicion of visceral leishmaniasis (fig 22).56
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Figure 19 Immunostaining with Bioquote monoclonal
anti-toxoplasma antibody showing numerous zoites, with
many in the vessel wall (immunoperoxidase).
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Figure 20 Brain biopsy
specimenfrom patient with
AIDS with
Acanthamoeba
encephalitis. Large
trophozoites with central
nucleolus seen clustered
together and around a
blood vessel (haematoxylin
and eosin).

Intestinal tumour-like lesions composed of
abundant leishmanial bodies ih macrophages57
and incidental observation of parasitised rectal
lamina propria are also features (fig 23). In
visceral leishmaniasis without HIV infection
parasitism of alveolar macrophages has
occasionally been seen, but in a case of pleural
effusion in an HIV positive man, LD bodies
were identified in macrophages from a pleural
tap.58

Visceral leishmaniasis may be diagnosed by
serology, but it is not always seropositive in
HIV positive patients.59 Chemotherapy clears
the parasite from most patients, but the relapse
rate is high. Treatment for visceral leishman-
iasis has been reviewed in detail elsewhere.55
Although a number of drugs have been used,6'
the antimonial sodium stibogluconate (Pento-
stam) remains the treatment of choice.
Trypanosoma Like Leishmania, trypano-
somes are kinetoplastid flagellates. They
inhabit the bloodstream and other tissues of
vertebrates, including man; the insect vectors
are Tsetse flies (African) and Reduviid bugs
(South American). African trypanosomiasis
(sleeping sickness) is caused by Trypanosoma
brucei. This infection does not seem to be more
prevalent in HIV positive people or more
severe compared with the normal population in
Africa.6'

In South America T cruzi infection causes
Chagas' disease. Seroepidemiological studies
in Brasil have found evidence of trypanosomal
infection among HIV positive people but with-
out a significant association.6' A cerebral
abscess caused by T cruzi in an HIV positive
patient has been reported (Kronfeld A, Sprintz
E, Cavacanti A, Carneiro A. Abstract
presented at Fifth International Conference on
AIDS, Montreal, June 1990). Histologically,
the amastigotes of T cruzi resemble toxo-
plasmas; they possess a kinetoplast (like
Leishmania); immunostaining for toxo-
plasmosis on sections is specific.
Treatment for trypanosomiasis has been

reviewed in detail recently elsewhere.55 The
two drugs of confirmed efficacy for South
American trypanosomiasis are nifurtimox and
benznidazole.

Pneumocystis carinii Pneumocystis is an enig-
matic micro-organism of uncertain taxonomy.
It has been shunted backwards and forwards
between the fungi and the protozoa. Recently
ribosomal RNA homology studies62 have
shown identical nucleic acid sequences with
some fungi, but some mycologists remain to be
convinced that this is where this organism
belongs.63 The organism seems to be
ubiquitous, infecting man and other mammals
in many parts of the world. It leads an
extracellular existence within the alveolar lung
spaces.' Two distinct forms are apparent
within the alveoli, a pleomorphic form (tro-
phozoite) with a full complement of eukaryotic
organelles (including an enveloped nucleus and
mitochondria), and a spherical thick-walled
cystic stage, often enclosing several intracystic
bodies with a similar appearance to the tro-
phozoite. The wall of the trophozoite compr-

Figure 21 Bone marrow with visceral leishmaniasis.
Arrowhead indicates LD bodies (Methacrylate
embedded; haematozylin and eosin).
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Figure 22 Skin biopsy
specimen from a Kaposi's
sarcoma plaque: numerous
LD bodies in macrophages
between the vascular slits
(haematoxylin and eosin).
Slide by courtesy ofDr R
Lindley, St Stephen's
Hospital.

ises a single unit membrane covered by an
external thin electron dense covering.
Asymptomatic infection in childhood is

common, with up to two thirds of normal
children of four years of age having antibody to
Pneumocystis.65 The route of infection is
presumably airborne. The most critical factor
in the pathogenesis of Pneumocystis carinii
pneumonia (PCP) in HIV positive patients is
the circulating CD4 lymphocyte count, an
indicator of the degree of immunocompetence.
It has been shown that until the CD4 count
drops below 200/mm3, PCP is rare.'
The occurrence of a cluster of cases of PCP

was one of the first manifestations of the AIDS
epidemic and PCP has remained the initial
presentation of AIDS in 60% of patients in
North America, ultimately occurring in at least
85% of patients.' It is fatal in 5-10% of initial
episodes; recurrences almost always occur. For
second or subsequent episodes, the average
survival is about 60%.67
Although most Pneumocystis infection in

patients with AIDS remains pulmonary, this
organism is occasionally found in non-pulmon-
ary siteSI69 such as the ear,707' liver (fig 24),
spleen, small intestine,72 lymph nodes, skin,7374
pancreas, kidney, urethra, adrenals, thyroid,
mesentery, heart,75 choroid,6976 bone marrow77
and the Virchow-Robin spaces of the brain.78
Some, but not all, of this extrapulmonary
invasion is associated with the use of
nebulised pentamidine.79 The organism
perhaps invades tissues which contain a much
lower concentration of pentamidine. Extra-
pulmonary Pneumocystis, however, has also
been found in the absence of any clinical
pulmonary disease.72
The macroscopic appearances of PCP are

well known-a pale dry pneumonic consolida-
tion. Less common is cavitating PCP, where a
granulomatous response is found around
necrotic areas of lung, and cysts are often more

scanty. PCP is in the differential diagnosis of a
cavitating pneumonia and may mimic tuber-
culosis. The cysts also infiltrate under the
endothelium of arteries and veins and cause
occlusion.' This probably contributes to the
pathogenesis of lung cavities; a similar process
may have led to necrosis of digits in widely
disseminated P carinii infection.74 In large
deposits of extrapulmonary pneumocystosis,
such as in lymph nodes and liver, the gross
appearance is of yellowish necrotic deposits.
The cysts lie extracellularly, are often degen-
erate, and only a small proportion take up the
methanamine silver stain.

Early in the AIDS epidemic Pneumocystis
carinii pneumonia was diagnosed by direct
visualisation of the parasite in open lung biopsy
or needle biopsy specimens. The complications
of such procedures, particularly pneumo-
thorax, meant they were replaced by bron-
chiolar lavage. Recently, induced sputum has
been advocated as a suitable diagnostic
specimen. This procedure is certainly less
traumatic than either of the original methods
but examination of sputum may be a less
sensitive technique in patients receiving pro-
phylactic pentamidine.8" However specimens
are taken, stains such as Giemsa and methan-
amine silver are used to identify the organism,
particularly the cystic stage. More recently,
immunocytochemical techniques have been
introduced82 which are easier to examine and
interpret. Sputum and lavage specimens,
however, are classified as hazardous, requiring
special handling facilities because infectious
HIV virus or Mycobacterium tuberculosis may
be present in samples before inactivation.
Formalin fixation of the sputum or lavage
overcomes this problem, but not all commer-
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Figure 23 Rectal biopsy specimen from HIV positive
seropositive haemophiliac. LD bodies (arrowhead) in
lamina propria macrophages (haematoxylin and eosin).
(Slide by courtesy of Dr A Vincenti, Winchester).
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Figure 24 Liver biopsy
specimen taken after death
showing clusters of
extracellular Pneumocystis
cysts adjacent to
hepatocytes (haematoxylin
and eosin). (Slide
courtesy of Dr R Goldin,
St Mary's Hospital).

cially available Pneumocystis antibodies are
raised to fixed material. In addition, attention
has been drawn to the problem of false positive
indirect immunofluorescence results, possibly
caused by Candida cells becoming opsonised
with anti-Candida antibodies and cross-
reacting with fluorescein isothiocyanate anti-
mouse antibodies in the sputum specimen.83

Extensive clinical experience has shown that
co-trimoxazole and parenteral pentamidine are
effective drugs for treating PCP in patients with
AIDS, although side effects are common and
occur more frequently than in patients with
other types of immune deficiency.67
Treatment with aerosolised pentamidine

should permit delivery of high drug doses to
the lungs without achieving sufficient systemic
concentrations to cause toxicity.84 It may be
effective when the pneumonia is mild or
moderate, and is well tolerated. Pulmonary and
systemic toxicity, extrapulmonary disease, and
recurrence, however, all occur.' Aerosol
treatment is now used for primary and secon-
dary prophylaxis of PCP.

Conclusions
HIV infection is here to stay and will spread,
albeit with arguable rapidity. If they do not
already, histopathologists and microbiologists
will diagnose infections among HIV positive
patients and should be aware of the wide
spectrum of parasitic protozoa potentially
involved, and the usual and unusual sites of
infection. Undoubtedly, new infections,
including protozoanones, are waiting to be
described.

We acknowledge the assistance of Drs E Dunbar, DM Jones,
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