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Disseminated zygomycosis associated with
erythroleukaemia: confirmation by lectin stains
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SUMMARY Zygomycosis is not often diagnosed in the United Kingdom, and so the possible
importance of the findings in a patient with disseminated zygomycosis who had been treated with
chemotherapy for erythroleukaemia was not appreciated until histological examination of speci-
mens obtained at necropsy provided a presumptive diagnosis. No attempt had therefore been
made to identify the organism by culture, and lectin binding methods were used to try to compen-
sate for this. The characteristics of the hyphae on staining with lectins were similar to those
previously shown in Rhizopus oryzae and were unlike those of a wide range of other hyphal fungi.
Although definite speciation of the fungus was not achieved, these findings confirm that this was a
case of zygomycosis and would seem to represent the first such reported confirmation in the
absence of culture.

Six principal patterns of infection of an organ with
zygomycosis are recognised: rhinocerebral, pulmo-
nary, disseminated, gastrointestinal, cutaneous, and
miscellaneous.'-3 Each pattern of infection is
associated with a characteristic range of underlying
conditions, with a particularly prominent and well
documented association between diabetes mellitus
and rhinocerebral zygomycosis.245 There is also a
strong association between haematological malig-
nancy and the development of the disseminated
form of zygomycosis.67 Various other predisposing
factors have been well reviewed by McNulty,8 and
several cases have occurred in previously apparently
well subjects.

Opportunistic infections caused by organisms of
the order Mucorales are confusingly named, for
the terms mucormycosis, phycomycosis, and
zygomycosis are often used as if they were inter-
changeable. Terminology of disease has clearly
failed to keep up with changes in taxonomy.
Phyomycosis is often used, though taxonomic
changes subsequent to its introduction seem to ren-
der it inappropriate.9 Some prefer the older and
more familiar term mucormycosis for infections
diagnosed by biopsy without identification of the
exact species by culture,'0 although the term has
been abandoned by the nomenclature committee of
the International Society for Human and Animal
Mycology." Zygomycosis has the advantage of
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reflecting the current name of the class.'2 Most deep
infections ascribable to Zygomycetes are caused by
members of the genera Rhizopus, Mucor, and
Absidia.3
We saw a case of disseminated mucormycosis in a

woman with leukaemia. The presence of opportunis-
tic fungal infection was not suspected during life and
was not detected until necropsy. Conventional
special stains were supplemented with lectin staining
because of the ability of lectins to stain identifiable
carbohydrate residues. The high saccharide content
of fungal walls suggests that lectin staining may be of
possible value in detecting fungi in histological sec-
tions.'3

Case report

A woman aged 66 was transferred to Manchester
Royal Infirmary in September 1981. She com-
plained of lethargy, malaise, oral ulceration, and
dysphagia. Peripheral blood counts were as follows:
Haemoglobin concentration 7*3 g/dl; white cell
count 120-0 x 109/1(98% blasts, 2% lymphocytes);
and platelets 36 x 109/l. Bone marrow smears
showed complete replacement of the normal bone
marrow cells by myeloblasts. Special stains
confirmed the diagnosis of acute myeloblastic
leukaemia.
She was treated with a combination of daunorubi-

cin, cytosine arabinoside, and thioguanine, accord-
ing to the protocol laid down by the Medical
Research Councirs 8th acute myeloblastic leu-
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kaemia trial. Remission was confirmed by repeat
examination of bone marrow after two courses of
chemotherapy. She was given two consolidation
courses with the same combination of drugs, and
after she had been in remission for one year late
intensification treatment was started. This consisted
of four courses of treatment separated by intervals
of three weeks; each course included cyclophos-
phamide 900 mg and vincristine 200 mg intraven-
ously at once, cytosine arabinoside subcutaneously
twice daily for five days, and prednisolone 100 mg
orally each day for five days, with chlorpromazine
25 mg orally thrice daily for control of nausea if
required.

In early October 1983 a falling peripheral blood
count heralded a relapse of leukaemia. The mor-
phological pattern of the bone marrow smear was
now that of erythroleukaemia, and further
chemotherapy with daunorubicin, cytosine
arabinoside, and thioguanine was given. She became
pancytopenic, and during this period she developed
inflammatory changes in the left orbit. She com-
plained of severe pain and throbbing in the eye and
was found to be slightly feverish. Flucloxacillin and
benzylpenicillin were given intravenously, together
with chloramphenicol eye drops.
When a swab from the eye was reported to have

grown coagulase negative staphylococci the
intravenous antibiotics were changed to pipericillin
and tobramycin. A subsequent report that Strep-
tococcus milleri had been grown from blood cultures
led to the substitution of benylpenicillin for pipericil-
lin. By this stage, however, severe proptosis of the
left eye had occurred, and the conjunctiva was
reported as looking chemotic and necrotic (Fig. 1).
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Cerebral angiography was hampered by patient
movement and a poor cardiac output, but the inter-
nal carotid arteries appeared to be normally patent;
the venous phase was not visualised. Because of her
persistent fever and continuing deterioration
granulocyte transfusions were given, but she died in
March 1984.

FINDINGS AT NECROPSY
External examination showed moderate jaundice,
with extensive ecchymoses and mild bilateral ankle
oedema. The left periorbital tissues were greatly
swollen and showed a deep red discolouration simi-
lar to that after fairly recent bruising.

Examination of the external surface of the brain
showed pronounced softening and discolouration of
the frontal lobes; this was more extensive on the left,
where it affected a conical zone of about 4 cm in
depth at the anterior pole of the brain (Fig. 2). The
cut surface in this area was friable and was a deep
pink colour. The intracranial portion of the left
internal carotid artery contained firm thrombus,
which extended into the left anterior cerebral artery.
The heart weighed 480 g, with left ventricular

hypertrophy. The myocardium appeared pale and
flabby but contained no focal lesion. Coronary
atheroma was generally of only minor degree. The
lungs were focally firm, especially in the upper lobes.
There was an annular ulcer at the lower end of the

oesophagus, which measured 3-5 cm in the long axis
of the viscus. The margins of this lesion were a little
thickened, but did not appear to extend through the
wall. The liver contained many nodules, ranging in
diameter from 0-3 to 1*2 cm, each with a homogen-
ous yellowish cut surface. The intervening hepatic

Fig. 1 Left eye, one week before death.
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Fig. 2 Part ofhorizontal slice through fixed brain. Lesions are present in both

frontal lobes.

parenchyma was rather pale. The spleen bore an
irregular pale lesion measuring 2-0 x 1-5 x 1P5 cm
on its diaphragmatic aspect, together with many tiny
nodules within the parenchyma. The kidneys
showed particularly prominent vascular markings
but no other macroscopic abnormality. The other
organs appeared unremarkable.

CONVENTIONAL HISTOLOGY
The frontal lobes were infarcted, and many blood

vessels in the abnormal areas and in the adjacent
meninges contained fungal hyphae. The hyphae
could be seen penetrating vessel walls (Fig. 3) and
were visible within infarcted brain tissue. Hyphal
diameter was variable, branching was irregular (Fig.
4), and septa were sparse. Indeed, many of the
apparent cross walls were pseudosepta formed by
kinking of the hyphae. The density of hyphal
eosinophilia seemed to vary from area to area.
The hepatic nodules comprised liver plates, show-
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Fig. 3 Hyphae within thrombus in lumen ofan
intracerebral vessel. Some are also present in the wall.
(Grocott stain.) Original magnification x 40.

Fig. 4 Fungal hyphae ofvariable diameter, with irregular
branching and pseudoseptae. Left internal carotid artery.
(Grocott stain.) Original magnifiation x 170.
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ing coagulative necrosis with infiltration by fungal
hyphae. The splenic lesions were similarly formed of
fungal infiltrate, with a rather more regular
arrangement of hyphae than that found in the brain,
within a background of necrotic tissue. Tiny fungal
colonies were present in the kidneys. Sections of the
lower oesophagus showed shallow ulceration with
an overlying pseudomembrane of necrotic mucosa
and fibrinous exudate; fungal hyphae were present
only in the superficial layers of this membrane. No
evidence of fungal infiltration was found in sections
of the heart or lungs.

Selected sections were stained with periodic acid
Schiff, Gram, and Grocott's methenamine silver
stains. Each of these standard special stains outlined
the fungus with greater clarity than the haematoxy-
lin and eosin stain, especially in sites such as the liver
and within the thrombus, where the degree of
eosinophilia of the hyphae resembled that of the
adjacent tissue.
The value of the Gram stain varied between tis-

sues. The hyphae stained well with the magenta
counterstain and were particularly clearly defined in
the spleen. Unfortunately, the Gram stain appeared
to enhance the fibrin strand artefact seen in a blood
clot and was therefore of little value in defining the
extent of fungus within blood vessels. Periodic acid
Schiff and Grocottfs stains were of more value and
clearly defined the features and extent of fungal
infection in all the affected tissues. Indeed, though
the presence of fungus had been detected in sections
stained with haematoxylin and eosin, its extent had
been considerably underestimated until sections
treated with special stains became available.

LECTIN STAINS
A panel of lectin stains (Table) were applied using
the avidin-biotin technique described by Hsu and
Raine,'4 modified by the exclusion of incubation
with mouse liver powder and by using different con-
centrations of reagents to achieve a ratio of 1:4 for
the components of the peroxidase complex labelled
with avidin and biotin.'5 In addition, a selection of
lectins labelled with fluorescein were used.'3

Table Identity and affinities oflectin stains applied

Lectin Affinity

Wheatgerm agglutinin + + +
Concanavalin A*
Garden pea agglutinin +
Lentil agglutinin +/-
Erythrophytohaema glutinin + +
Soy bean agutinin
Peanut agglutinin
Winged pea agglutinin +

Concanavalin A and soy bean agglutinin staining is difficult to
quantify because of staining of surrounding material.
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Fig. 5 Hyphae outlined by lectin shown by avidin-biotin
method. (Wheat germ agglutinin.) Original magnification x
170.

The various lectin stains showed considerable dif-
ferences in affinity (Table). The hyphae were
clearly, though faintly, stained using the avidin-
biotin method (Fig. 5), and a semiquantitative
assessment of density of staining could be made eas-
ily. Lectins labelled with fluorescein gave denser
staining of hyphae, but the non-specific background
staining tended to be distracting (Fig. 6). Similar
background staining was seen on avidin-biotin stain-
ing with concanavalin A and, to a lesser degree, with
soy bean agglutinin. In both cases hyphae were out-
lined by negative staining.
The pattern of lectin staining was compared with

that obtained with several fungal hyphae from the
National Type Collection at Kew (BM Herbertson
and RW Stoddart, unpublished data). This showed
an affinity pattern similar to that of R oryzae, and
there were appreciable differences from the staining
patterns of Mortierella wolfl, R arrhizus, Absidia
corymbifera, Aspergillus flavus, A jumigatus, A
niger, and all of the dermatophytes investigated to
date.

Discussion

The Zygomycetes are a class of fungi usually found
in soil, humus, and dung'6; they cause decay in many
kinds of fruit and vegetables'7 and are occasionally
pathogenic in domestic animals.'8 Spores of various
members of the class have been widely detected in
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Fig. 6 Fluorescein labelled lectin staining ofhyphae.
Surrounding fibrinous clot is distractingly stained. (Wheat
germ agglutinin, fluorescein isothiocyanate.) Original
magnification x 170.

air, including air in a ward in a London teaching
hospital.'9 Skin tests suggest sensitisation in a sub-
stantial minority of patients with allergic diseases
and in controls,20 and sputum from apparently heal-
thy men may be contaminated.2'
Our failure to diagnose zygomycosis in this case

would appear to have been due to a low index of
suspicion engendered by the apparent rarity of the
disease in this country. Few well documented cases
have been reported from the British Isles,22-24
though Symmers was able briefly to discuss the
findings in "many" cases of British origin.25
Authors from several continents have described

increases in the number of reported cases of
mucormycosis,257-2 a change that is partly due to an
increase in the incidence of certain of the predispos-
ing factors, partly to greater international mobility,
and partly to greater awareness of the condition.25
Increasingly aggressive chemotherapy and more
widely used antibacterial treatment may also be
imvortant.7
Zygomycosis arising in association with ery-

throleukaemia is rare, presumably because of the
rarity of erythroleukaemia, though the association is
by no means unknown.'28 It is not possible to sepa-
rate the relative importance of disease and treat-
ment in inducing susceptibility to this opportunistic
infection, though several cases after renal, 2930 car-
diac,29 and bone marrow transplantation3' would

suggest that cytotoxic treatment has an important
role. Zygomycosis after renal failure without trans-
plantation is less common, and in such cases the
patient may also have diabetes mellitus, or at least
glucose intolerance induced by steroids.2230

Zygomycosis in patients with leukaemia is particu-
larly associated with periods of neutropenia6 and,
once established, tends to advance rapidly; blood
vessel walls are easily breached, and infarction after
thrombosis induced by fungus facilitates the spread
of disease. Although mucormycosis is often wide-
spread at the time of detection when leukaemia is
the underlying condition, it may start its course in
the nose and orbit; this is apparently the second
most common portal of entry after the lung in those
immunosuppressed following chemotherapy.32
Thrombosis of an internal carotid artery, which was
a striking feature of this case, is described in at least
a third of patients affected cerebrally.33
The facility with which the organism spreads once

infection is established, coupled with the rarity of
the condition, has led to a considerable amount of
experimental work aimed at determining what the
body's normal defence against mucormycosis might
be. It would seem that these defences are multifac-
torial, with components in both the serum and the
phagocytic cell system.34 It is also clear that mechan-
isms exist that inhibit both spore germination and
hyphal growth.35

Opportunistic infection is often a disaster because
it may kill a patient with an otherwise treatable or
curable disease. As chemotherapeutic regimens
become more potent and rates of remission improve
it becomes necessary to guard against a parallel
increase in opportunistic infections. The possibility
of nosocomial zygomycosis3036 makes each case an
indicator of potentially similar disease in other
patients. Many of the cases reported concern
patients whose zygomycosis was discovered only at
necropsy, often at a stage when culture was no
longer possible. This is a problem that is common in
various other opportunistic fungal infections also,
and so techniques, such as lectin staining, that offer
possible improvements in our ability to recognise
and characterise such infections are to be welcomed.

We thank Mr GW Rogers and Mrs J Crosby for
photographic help, and Dr CJP Jones and Mr P
Ward for technical help.
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