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Summary 
Of 51 renal-transplant recipients, 15

had twenty infections caused by fungus
or nocardia. Of these 15 patients, aspergillus was
found in 11, nocardia in 4, cryptococcus in 2, candida
in 2, and phycomycetes in 1. All 11 patients with
aspergillus died, and in 8 of these patients aspergillus
was judged to have been the principal cause of death.
There was a significant correlation between the

frequency of episodes of rejection (and their treatment)
and the subsequent development of fungal or nocardial
infection. These infections developed in 3 of the 23
patients with no rejections, as compared with 12 of the
31 patients treated for one or more rejection episodes
(P<0&middot;05). The frequency of infection increased

linearly as the number of rejection episodes and their
associated therapy increased. Thus, 6 of the 23

patients treated for one rejection episode and 5 of the
7 patients treated for two rejection episodes developed
fungus or nocardial infections (P<0&middot;001). The longer
the interval between transplantation and the rejection
episode, the greater was the likelihood of oppor-
tunistic infection developing. The results emphasise
that a high frequency of severe and often fatal infection
in renal-transplant recipients may be related to the
treatment of multiple or late episodes of rejection.

Introduction

BACTERIAL sepsis has been widely implicated as the
major factor responsible for mortality in renal-trans-
plant recipients. 1-6 In the ninth report of the Human
Renal Transplant Registry,  sepsis accounted for the
highest (30&deg;.,) number of deaths in renal-allograft
recipients. In our patients deaths from aspergillus
infection were significantly more common than those
from bacterial sepsis. This prompted us to review all
our patients who received a renal transplant during
the three-year period from January, 1969, to December,
1971. we wanted to establish what factors might have
contributed to this relatively high frequency of, and
fatality from, fungal disease.

Materials and Methods

51 patients received fifty-four renal allotransplants
during the three-year period under review. Of these,
thirty-nine were cadaver-donor transplants (C.D.) and
twelve were transplants from living related donors (L.R.D.).
All but one of these patients underwent splenectomy,

* Present address: Department of Medicine, Massachusetts General
Hospital, Boston, Massachusetts, U.S.A.

appendectomy, and bilateral nephrectomy before trans-

plantation.

Initial Immunosuppressive Therapy and its 1BtIaintenance
Azathioprine was given as a loading dose of 10 mg. per kg.

on the day of transplantation. For the first postoperative
week the daily dose was 3-0 mg. per kg. Thereafter, the
daily maintenance dose was 1.0-1.5 mg. per kg. per day,
unless it had to be reduced because of leucopenia.

Prednisone was begun at a dose of 60 mg. per day and
maintained at this level for one week. Prednisone was
then reduced 4 mg. per week until 40 mg. per day was
reached, at which time reduction was continued at 2 mg.
per week to 30 mg. per day. Further reduction was

accomplished at 1 mg. per day until maintenance levels
of 20 mg. per day for cadaver recipients and 10 mg. per
day for L.R.D. recipients was reached.

Equine anti-human lymphocyte serum (H.A.L.G.) was

prepared by the adjuvant method by immunisation of two
horses with cadaveric lymph-node lymphocytes as pre-
viously described. 8 Eight different batches of H.A.L.G.
were prepared as the IgG fraction, using purification on a
diethylaminoethyl-cellulose column into which human red-
blood-cell stromata had been incorporated for simultaneous
removal of hxmagglutinating antibody by the method of
Latham et awl. 9 Details of the final preparation are given
elsewhere. 8.9 Final H.A.L.G. preparations had cytotoxicity
titres of 1/1026 or greater against human lymph-node
lymphocytes, as determined by the chromium-51 tech-

nique. 10 H.A.L.G. batches had haemagglutination titres
against pooled, washed, human erythrocytes of 1/16 or

less and contained no detectable antibody to human serum-
proteins, platelets, or glomerular basement membranes
when assayed by standard techniques.’1 The H.A.L.G.

batches used in these patients have been studied again
with the new mixed-agglutination assay for potency of

antilymphocyte serum of Gozzo et al.,12 which has shown
an excellent correlation with in-vivo immunosuppressive
activity. All batches had mixed-agglutination titres of

1/16,000 or greater. Experimentally, a titre of 16,000
produces excellent in-vivo immunosuppressive potency.
Three different H.A.L.G. regimens were used over the three-
year period of the present study. H.A.L.G. was given intra-
muscularly at a dose of 5 mg. per kg. daily after trans-
plantation for twenty-one days (first group), for forty-two
days daily and then three times per week for a total of six
months (second group), and for fourteen days only (third
group).

Anti-rejection therapy.-For the first two years of the

present study, rejection crises were treated by increasing
the daily dose of prednisone to 320 mg. for a week, from
the time of diagnosis of rejection, then halving this dose
weekly until the previous maintenance dose was reached.
Since the beginning of the third year, rejection reactions
have been treated by intravenous injections of 1 g. of
methylprednisolone for seven consecutive days, after
which the previous daily prednisone dose was resumed.

Identification of infectious agents.-Nocardia asteroidr:s
was identified by its characteristic gram-positive, branching
filaments on smear and by the appearance of the charac-
teristic colonies on agar. Confirmatory tests included
lack of casein hydrolysis, failure of growth in 0’4"n gelatin,
and failure to ferment lactose or mannitol. 13 Aspergillus.
when isolated from sputum (2 cases), was identified as
A. fumigatus. In histological specimens, it was charactenseJ
by uniform septate hy phx, 2-7 u. in diameter with
dichotomous branching. Phycomycetes were discovered
histologically only at necropsy and were characterised t"’

broad, large, irregular non-septate hyphae with right-angied
branching. Mucor and rhizopus could not be differential
since this fungus was never isolated in culture and low
only seen on microscopic examination. Crypr&ugrave;ccoc::,:
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ueoformans was characterised by growth at 37OC, patho-
genicity for white, Swiss Harvard mice, and its charac-

teristic large capsule visible by India ink or gram stain. 13
Necropsies were performed in 85% of the patients who
died. The histological sections were reviewed in all cases,
and the morphological features of the organisms were
confirmed by methenamine-silver and gram stains.

Results
Clinical Features

The ages of those patients who had fungal or

nocardial infections ranged from five to fifty-seven
years with no sex predominance (see accompanying
table). Chronic glomerulonephritis was the com-

monest disease necessitating renal transplantation in
the group as a whole and in those patients in whom
infection developed. Diabetic nephropathy was an
infrequent indication for transplantation in the present
series and there was a low frequency of diabetes in
our patients. The one phycomycetal infection was
found in the one of two diabetics with fungal infections.

Mucor or rhizopus infections occur with somewhat
greater frequency in diabetics.14 Leucopenia was not
an important feature in any patient’s course, and
immunoglobulin levels were usually normal or only
slightly reduced.

All of the fatal infections were due to, or were

associated with, aspergillus. In only 2 of the 11

patients who were infected with this agent (cases 3
and 9) was the infection diagnosed before death.

Aspergillosis in our group presented in several ways.
The most common pattern was characterised by the
sudden onset of pleuritic chest pain, a pleural friction
rub, tachypncea, and fever. This was followed by
progressive hypoxaemia, diffuse pulmonary infiltrates
(demonstrated by radiology), and a rapidly fatal
outcome. These patients were often initially treated
with heparin for a presumed pulmonary embolus.
The clinical presentation in these patients was very
similar to that described by Young et al. 15 S The
second type of presentation was that of a patient who

PATIENT DATA

c.r.u.=Chronic pyelonephritis. A.T.N.=Acute tubular necrosis. C.G.N. = Chronic glomerulonephritis. N.s. = Nephrotic syndrome.
K.-W. = Kimmelstiel-Wilson nephritis.

* Patient had thoracic-duct fistula for 3 months before transplant.
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seemed to be septic. These patients were toxic in
appearance, confused, and often mildly hypotensive.
They were all febrile, hyperventilating, and appeared
to have a gram-negative bacillxmia. Onset of these

symptoms was usually rapid with progressive deteriora-
tion within a few days. 3 of our patients (cases 9, 10,
and 11) did have a concomitant klebsiella or pseudo-
monas bacterxmia at the time of death. In one

patient (case 2) severe recurrent, lower gastrointestinal
haemorrhage developed, necessitating laparotomy and
colon resection. The patient had multiple ulcers of
the left colon previously located by preoperative
angiography. These colonic ulcers subsequently
showed aspergillus hyphal invasion of the mucosa
and blood-vessels, leading to necrosis and hxmorrhage.
The gastrointestinal tract is the second commonest
site of aspergillus infection, 15 which is known to

cause ulceration and haemorrhage of the bowel.
Infection with nocardia was detected in all 4

patients (cases 3, 9, 12, and 13) by examination of
gram stains and cultures of sputum obtained either

by spontaneous coughing or after prolonged therapy
with an ultrasonic nebuliser. None of these patients
died from the nocardia infection, which was relatively
well controlled or cured by antimicrobial agents. 1

patient (case 13) presented with the sudden appearance
of skin nodules, which were first thought to be

staphylococcal furuncles. The other 3 patients all

presented with fever, dry cough, and either infiltrates
or multiple nodules on chest X-ray. Sputum cultures
were invariably positive for nocardia within forty-
eight to seventy-two hours on routine bacteriological
media, provided an adequate specimen of sputum
was obtained and the bacteriologists warned of the
possibility of nocardia being present.
The patient with pulmonary cryptococcal infection

(case 14) was diagnosed by the appearance of a nodule
in his left lung concomitant with the onset of fatigue,
lassitude, cough, and anorexia. A sputum sample,
obtained by induction of cough after forty-eight
hours of nebulisation, revealed the characteristic

yeast forms on gram stain. Multiple blood and urine
cultures were negative for cryptococcus, as were the
cerebrospinal-fluid cultures, although many sputum
samples yielded cryptococcus on culture. This
infection occurred in a recipient of a living, A-matched
kidney who was on maintenance immunosuppression
and who had never had treatment for rejection.

Therapy of Fungus and .Yocardial Infections
In case 3 amphotericin B was started three months

before death, after the isolation of A. furnigatzcs from
three separate sputum samples. Azathioprine was
discontinued and prednisone was rapidly reduced to
replacement levels (7,5 mg. per day). Despite the
minimum of immunosuppressive therapy, renal func-
tion was well maintained. A total dose of 1-5 g.

amphotericin B was given, but this patient died of
meningeal and pulmonary aspergillosis. This experi-
ence is very common in the therapy of invasive

aspergillus infections. " -,
2 patients with nocardiosis were treated with either

sulphadiazine or mixed sulphonamides (sulpha-
diazine, sulphamerazine, and sulphadimidine). Their

skin and lung lesions cleared and their condition
improved. However, 2 patients (cases 3 and 9) either
did not respond to this regimen or had severe hyper-
sensitivity reactions to the sulphonamides. They were
treated successfully with minocycline in one and with
a synergistic combination of ampicillin plus erythro-
mycin in the other. Immunosuppressive therapy was
not altered in 3 of the 4 cases of nocardiosis, but was
maintained at the level in force at the time of diagnosis
of nocardiosis. There was no loss of renal function
during therapy of these infections. In the 4th patient,
immunosuppression was reduced by omission of

azathioprine and reduction of prednisone to main-
tenance levels (case 9). Renal function remained un-
changed in this patient for five months. The patient
eventually succumbed to a bacteraemia which was
secondary to a lesser-omental-sac abscess. Nocardia
played no role in this terminal complication.
The 2 patients with cryptococcosis both received

intravenous amphotericin B. The patient with
cryptococcal meningitis (case 15) received a total dose
of 2 g. intravenously over a six-week period and re-
covered with no neurological residuum. Although
immunosuppression was reduced (as in case 9),
kidney function remained unimpaired throughout
her amphotericin therapy. However, she underwent
nephrectomy because of acute rejection three months
after discontinuation of therapy with amphotericin,
at a time when immunosuppressive therapy had not
been renewed. Case 14, who had pulmonary crypto-
coccosis, was treated with 1-25 g. of amphotericin B.
The lung nodule resolved and the fungus was elimi-
nated from his sputum. His immunosuppression
therapy was not reduced, and he is well with normal
renal function twelve months later.

Relation between Fungal and Nocardial Infections and
Frequency of Treated Rejection Episodes
There was a highly significant relation between the

presence or absence of one or more rejection episodes
and associated increase in immunosuppression therapy
for rejection treatment, and the occurrence of fungal
or nocardial infections. Of 31 transplant recipients who
were treated for one or more rejection reactions, 12 had
fungal or nocardial infections as compared to 3 of the
23 renal allograft recipients who were not treated for
rejection (P<0-05). 1 of the latter 3 patients had had
prolonged drainage from a thoracic-duct fistula three
months before transplantation as part of another
clinical study (case 2). Thoracic-duct drainage is an
adjunctive immunosuppressive procedure 16 and thus
could have augmented susceptibility to opportunistic
infection.

Relation between Fungal and Nocardial Infections and
Repeated Treatments for Rejection
The frequency of infection increased as the episodes

’ 

of rejection and their associated therapy increased.
Thus, while only 3 of the 23 patients who were not
treated for rejection had these infections, 6 of the 23
treated for one rejection episode and 5 of the 7 treated
for two rejection episodes had fungus and nocardial
infections. A single patient treated for ‘three episode
of rejection also had a fungal infection. A linear-
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regression curve was fitted relating the presence (y=1)
or absence (y=0) of fungal or nocardial infection with
the number of treatments for rejection (x=0, 1, 2, 3)
using the Anova table. 17 This correlation was significant
at the 0.001 level.

Relation between Fungal Infection and Time of
Treatment for Rejection
In those patients who had significant fungal or

nocardial infection, the mean duration between trans-
plantation and first rejection treatment was ninety
days, as compared to a mean of nineteen days in those
patients who did not develop infection. Using the
two-sample Wilcoxon test, these two groups differed
significantly (P<0-002).

Discussion

Steroid therapy increases the susceptibility of

laboratory animals to fungi.18-2O In man this is true
for nocardial and fungal infections. .21-13 The important
frequency of opportunistic, fungal infections in trans-
plantation patients treated with standard immuno-
suppressive regimens-i.e., azathioprine and pred-
nisone, but not antilymphocyte serum-has been well
documented. Infectious complications in renal-

transplant patients has been comprehensively de-
scribed by Rifkind et a1.2-26 Initially these workers
stressed the problem of staphylococcal and gram-
negative-rod infections, but they later reported a 22%
frequency of fungal infection. In their follow-up
review of 51 necropsies 26 Rifkind et al. described
23 patients in whom a fungus or nocardia was present.
Candida was present in 12, aspergillus in 5, and
nocardia in 3 of these patients. Significantly, these
workers could find no specific correlation between the
acquisition of infection and several specific factors

including diabetes, leucopenia, hypogammaglobulin-
xmia, and antibiotic administration. Furthermore,
they noted no significant relation between frequency
of these infections and length of time that these patients
received high-dose steroids, nor did ’they provide
data on the number of treatments for rejection or
when these rejections occurred. Other workers reported
fungal infections in 18 of 35 patients treated in the
standard way, who did not receive antilymphocyte
serum," but gave no details of the causative agents,

, relation to rejection treatments, how they were diag-
nosed, or the subsequent outcome of these infections.
Although infection with opportunistic, fungal

, 

infections is definitely associated with steroid therapy,
the high frequency of fungal infections in our patients
may be related to the use of antilymphocyte serum as
adjuvant immunosuppressive therapy. The capacity
of antilymphocyte serum to suppress cellular immunity,
to inhibit antibody formation, depress immunological
memory, and abrogate established delayed hyper-
sensitivity reactions is well established. 28 Anti-
lymphocyte serum also increases immunological

. unresponsiveness to antigen administered under
. appropriate conditions of dose and timing. 29 Such
; effects could easily increase susceptibility to fungal
: infections. However, most clinical trials in which
. antilymphocyte serum has been used in conjunction

with azathioprine and prednisone have not reported an

increased susceptibility to fungal or nocardial infec-
tions. 30-17 The single notable exception is a report by
Stinson et al. 3 of 4 cases of pulmonary aspergillosis
in a series of 20 cardiac-allograft recipients. These

patients all received antilymphocyte globulin as

part of their immunosuppressive regimen. These
workers did not record the number of treatments for

rejection or the time-interval between transplantation
and rejection, but they did note that the infections
usually appeared relatively soon after anti-rejection
therapy had been started. These results contrasted
with previous experiences, in which infections occurred
both early and late after rejection therapy. Stinson
et al. 3 also raised the possibility that the ventilatory
assistance required by these cardiac-allograft re-

cipients preoperatively and postoperatively may have
played some role in the high frequency of pulmonary
(and fungal) infections in their patients. None of our
patients required prolonged intubation or assisted
ventilation.

Multiple factors probably contributed to the high
frequency of fungal infection in our series and that of
Stinson et aI., 3 8 especially the combined effect of anti-
lymphocyte globulin and steroids. Patients treated
with antilymphocyte globulin and steroids may be
similar to leukxmia patients treated with steroids, who
are known to have extreme susceptibility to oppor-
tunistic infections.39 Nevertheless, several conclusions
from the data seem valid. Patients who were treated
for rejection by temporary raising of the prednisone
dosage had significantly more fungal or nocardial
opportunistic infections which were further increased
if rejection episodes were multiple or occurred late
after transplantation (thirty days or more after

operation). Since fungal infections can occur long
after rejection therapy, such high-risk patients should
be carefully followed and specially monitored for

pulmonary fungal or nocardial infection by monthly
chest films. Late, chronic rejection, occurring many
months post-transplantation, is probably best not

treated, since it usually does not respond to rejection
therapy and it is associated with a poor long-term
prognosis.4O In the face of multiple rejection episodes,’
early nephrectomy with later repeat transplantation
may be a safer alternative than repeated rejection
therapy.
When nocardial infections occur, patients can be

managed successfully with specific therapy without
reducing or stopping immunosuppressive therapy.
In the case of cryptococcal infections, amphotericin-B
therapy also can be successful without reduction
or termination of maintenance immunosuppressive
therapy. On the other hand, when the clinical situa-
tion requires it, immunosuppressive treatment can be
reduced or stopped for fairly long periods (up to

three to six months) without immediate loss of the
kidney by rejection. Infection with aspergillus con-
stitutes the most serious infectious-disease problem
for allograft recipients both from the standpoint of
accurate diagnosis and lack of adequate and effective
therapy.
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Preliminary Communication

TREATMENT OF CHRONIC VERTIGO WITH

HYPERBARIC OXYGEN

SREEDHAR NAIR KESAVAN NAIR

RICHARD IMBRUCE

Section of Chest Diseases,
Norwalk Hospital, Norwalk,
Connecticut 06856, U.S.A.

Summary Hyperbaric oxygen was used in the
treatment of symptoms associated with

chronic vertigo. Good results were obtained after
therapy with oxygen at 2 atmospheres absolute. In
most of the 7 cases treated, there was remission of the
nausea, dizziness, and the inability to walk.

INTRODUCTION

Hart et al. listed fifty-four clinical conditions in
which hyperbaric-oxygen therapy has been tried.
In many of these conditions there have been en-

couraging results.
Treatment with hyperbaric oxygen for chronic

intractable vertigo was tried in 7 patients at the
Norwalk Hospital. These patients were considered
for hyperbaric-oxygen therapy because of the possi-
bility that oxygen under hyperbaric conditions may
correct chronic anoxia of the labyrinthine apparatus
and/or the pathways and centres which maintain

equilibrium.

METHODS

All the patients chosen for the present study were in the
fifty to eighty year age-group. The chief complaints were
dizziness (vertigo) (7), nausea (2), vomiting (1), and diffi-
culty in walking (7). There were arteriosclerotic retinal
changes in 6 patients and no signs of cerebellar dys-
function in any of the patients. 1 patient had had chronic
middle-ear disease with labyrinthitis and chronic ear dis-
charge for six years. This was the only case which did not
fall into the category of arteriosclerotic disease. 2 patients
were diagnosed as having vertebrobasilar-artery in-

sufficiency. There was no evidence in any patient to suggest
a psychogenic factor or conversion symptoms. All patients
were treated with hyperbaric oxygen only after all accepted
medical and surgical measures had been tried and had not
benefited the patient. The conditions which we treated
could not be paired with control groups. Because of this,
the patient himself served as his control.
The apparatus used was the Vickers single-bed hyper-

baric chamber. Each compression was given at 2 atmo-
spheres absolute for two hours. None of the patients had
adverse reactions.

RESULTS

The number of hours of compression, clinical diagnosis.
and response to treatment are given in the accompanying
table. The clinical response was described after subjective
and objective examination as well as a detailed examination
of the nervous system. The response in all 7 cases was

good. Vertigo, nausea, and vomiting disappeared (4 cases
or was greatly reduced (2 cases). On examination, all sign=


