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We present a case of invasive nocardiosis in a nonimmunosup-
pressed host with pulmonary and neurosurgical complications, 
treated successfully with extensive surgical debridement and long-
term antibiotic therapy. No underlying neoplasm or cellular or 
humoral immune defect was detected. The Cleveland Clinic's ex-
perience with nocardiosis from 1967-1982 is reviewed. This review 
exemplifies the well-described augmented risk of Nocardia infec-
tion in the immunosuppressed host with a history of prolonged 
antibiotic, corticosteroid, or cytotoxic therapy, along with malig-
nancy and cellular immunity dysfunction. The spectrum of inva-
sive pulmonary nocardiosis in the nonimmunosuppressed patient 
should be recognized so as to understand the natural history and 
prognosis of this potentially lethal infection. 
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Since Nocard's description of a strange granulomatous 
disease of cattle called "bovine farcy" on the island of 
Guadaloupe in 18881 and Eppinger's "pseudotuberculosis" 
Nocardia brain abscess in 1890, only 300 cases of nocar-
diosis had been described before 1976. Nocardia asteroides 
(NA), a slow-growing soil saprophyte and an aerobic Acti-
nomycetale, is the only one of its group able to infect the 
central nervous system. Most authors agree that Nocardia 
isolated from sputa from the immunosuppressed host 
should be regarded as an active infection.3"5 

The branching filaments of Nocardia are capable of ter-
minal growth, or may rise into the air like the hyphae of 
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true fung i . T h e bacterial nature o f the act ino-
m y c e t e s is e x h i b i t e d by the ir de l icate s tructure 
a n d the chemical c o m p o s i t i o n o f t h e cell wall. In 
vitro, N. asteroides fails to d igest casein, tyrosine, 
or xanth ine , but if d e c o l o r i z e d with 1% H 2 S 0 4 , 
it will be mildly acid-fast. 

T h e l i terature a b o u n d s with Nocardia cases re-
lated to the i m m u n o s u p p r e s s e d host , 6 such as 
those with l eukemia , l y m p h o m a , systemic lupus 
erythematosus , 7 nephros is , u lcerat ive colitis, 
Cushing's disease, Whipp le ' s disease, asthma, tu-
berculosis , d iabetes mell i tus , sarcoidosis , bron-
chiectasis, a lveolar prote inos is , a n d renal a n d 
heart transplantat ion. 8 T h e les ions p r o d u c e d 
f r o m active in fec t ion are typically puru lent with 
abscess format ion , s inus tracts, fibrosis, occa-
sional encapsulat ion, and, rarely, visible granules 
or granulomas . 

A p p r o x i m a t e l y 2 0 % o f nocardios is occurs in 
pat ients rece iv ing cort icosteroids . Nocardia pul-
m o n a r y infect ions may present as lobar pneu-
monia , s ingle or mult ip le n o d u l a r densit ies , mili-
ary abscesses, or large cavit ies . 9 , 1 0 P u l m o n a r y in-
f ec t ion may b e associated with pleural e f fus ion , 
e m p y e m a , or, as n o t e d in o u r case, s inus tract 
in fec t ion . 1 0 A survey d o n e by t h e C e n t e r fo r 
Disease Contro l es t imates that there are 5 0 0 to 
1 0 0 0 n e w cases o f nocardios is in the U n i t e d 
States annually , with up to 15% occurr ing in 
n o n i m m u n o s u p p r e s s e d hosts 3 (persons hav ing n o 
d e f e c t in cel lular or h u m o r a l immuni ty) . A dec-
a d e ago , Pa lmer r e v i e w e d 2 4 3 cases; 23% in-
v o l v e d the central n e r v o u s system, a n d 4 9 % had 
n o apparent under ly ing disease process or d r u g 
react ion. 1 1 Aggres s ive a t tempts at p r o c u r i n g cy-
tobacter io log ic spec imens , surgical d e b r i d e m e n t , 
a n d p r o l o n g e d antibiot ic therapy have dramati-
cally l o w e r e d the overal l mortal i ty f r o m this ubiq-
ui tous obl igate aerobic infec t ion . 

T h i s is the first descr ibed c o m p l e x o f ipvasive 
N. asteroides p u l m o n a r y in fec t ion in a n o n i m m u -
nosuppressed host with necro t i z ing pneumoni t i s , 
spinal epidural abscess, H o r n e r ' s a n d Brown-Sé-
quard syndromes , a n d coex i s t en t vertebral os teo-
myelit is . 

C a s e r e p o r t 
Four months prior to his referral to the Cleveland Clinic, 

a 53-year-old construction worker from Ohio presented to 
his local physician with complaints of cough productive of 
white mucoid sputa, upper thoracic back pain, anorexia, 
malaise, a 20-pound weight loss, chills, and an occasional 
fever to 101 °F. A chest roentgenogram revealed a well-
defined right upper lobe infiltrate, and he was treated with 
erythromycin. The patient was a 75 pack/year smoker who 

drank a fifth of vodka almost daily. Persistent fever, cough, 
and neurologic findings prompted hospitalization. 

Physical examination revealed right-sided hypoesthesia 
with ioss of pain and temperature sensation on the left, 
below T 5 , along with a right Horner's syndrome. The 
infiltrate was unchanged following a 10-day course of eryth-
romycin. An intermediate-strength purified protein deriva-
tive (PPD) was nonreactive. Pantopaque myelography 
showed a complete blockage of contrast agent above T 4 . 
Emergency decompressive laminectomy revealed destruc-
tion of T 3 and marked epidural cord compression. Sputum 
samples were reported as growing X. asteroides. Results of 
fiberoptic bronchoscopy, a CT scan of the brain, and analysis 
of the cerebrospinal fluid (CSF) were reportedly normal, 
and the patient was transferred to the Cleveland Clinic 
Hospital. 

Physical examination at the time of admission revealed a 
deeply encephalopathic man with a right Horner's syndrome 
and marked left lower extremity weakness with rectal and 
urinary incontinence. He was disoriented to time and place, 
could not calculate, and was withdrawn and hallucinating at 
times. Head and neck examinations revealed right ptosis 
and meiosis. There was no lymphadenopathy. The chest 
was clear save for decreased breath sounds in the right 
upper thorax and egophony apically. The cardiovascular 
examination was within normal limits. The liver was firm 
and nodular, percussing to 14 cm. On neurologic review, 
the lower extremities were spastic and hyperreflexic with 
bilateral upgoing toes. There was loss of fine touch, pin, 
proprioception, and vibratory sense in the legs, right greater 
than left. There was loss of pain and temperature sense in 
the left lower extremity. A C4 sensory level was present on 
the left, which extended to T 4 on the right. The patient was 
not ambulatory; lower extremity paraparesis with motor 
strengths of 3 / 5 in the proximal groups on the right and 
2 / 5 on the left were recorded. Results of the cerebellar 
examination were normal. The optic fundi were unremark-
able, and cranial nerves were intact. A surgical wound from 
his recent posterior thoracic decompression was open and 
draining seropurulent fluid. 

A complete blood count (CBC) revealed 18,000 white 
cells/mms3 with 20% banded neutrophils, 920 total lym-
phocytes, and a hematocrit of 37%. Results on the sequential 
multiple analyzer (SMA-18) were normal except for an 
alkaline phosphatase of 247 U / L , and serum glutamic ox-
aloacetic* transaminase (SGOT) 38 U / L , serum glutamic 
pyruvic transaminase (SGPT) 35 U / L , and albumin 2.1 g / 
di. Prothrombin time was 19 sec. with a control of 12. The 
partial thromboplastin time, three-hour glucose tolerance 
test, urinalysis, and electrocardiogram were all normal. A 
chest roentgenogram (Fig. 1) displayed a posterior segment 
right upper lobe infiltrate with mediastinal widening. A 
cranial CT scan, with and without contrast agent, was un-
remarkable. Pantopaque myelography showed persistent ex-
tradural compression at the T2_4 levels (Fig. 2). The CSF 
contained 15 WBC (98% lymphocytes), glucose 18 g/dl 
(plasma 78), and total protein 30 g/dl . Results of cytologic 
examination were normal. Results of aerobic and fungal 
cultures, acid-fast stains, and Nocardia cultures were nega-
tive. A sector CT scan of the thoracic spine disclosed subtotal 
destruction of the underside of the T 2 body, pedicles, and 
the transverse processes of T s (Fig. 3). 

A percutaneous aspiration biopsy specimen from the right 
upper lobe infiltrate was free of malignant cells, but hyphal 
forms were noted and confirmed to be N. asteroides. Cultures 
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F i g . 1 . Chest rad iograph showing the init ial right upper lobe inf i l t rate . 

from the thoracic back wound, routine sputa, and brushings 
from a narrowed posterior segment of the right upper lobe 
obtained at fiberoptic bronchoscopy grew Xocarclia. 

Neurosurgical decompression and debridement were per-
formed. Purulent sinus tracts and subtotal destruction of 
the bodies and pedicles of T : i and T 4 were noted: T 3 was 
extremely unstable, and the heads of the third and fourth 
ribs were destroyed; the disc spaces were preserved. Phleg-
monous epidural tissue was colonized with X. asteroides, as 
were the curettings from the T 3 and T4 bodies. Persistent 
bilateral cord hemisection prompted a second debridement, 
and, eventually, a left thoracotomy approach to an anterior 
T3_5 fusion using autologous rib. Following the initial de-
compression, the urine was alkalinized, and sulfadiazine 
(100 mg/kg/day) and ampicillin (8 g/day) were adminis-
tered. Numerous subsequent blood cultures have remained 
sterile. 

The patient's immune status was extensively evaluated. 
Delayed cutaneous hypersensitivity demonstrated anergy to 
streptokinase, mumps, Candida, Trichophyton, and interme-
diate PPD. Quantitative lymphocyte counts demonstrated 
B-cells (via polyvalent antisera) at 5% (normal, 14.7% ± 
4.3%), T-cells (via E-rosette technique) at 55% (normal, 
75.2% ± 5.2%), SIg = 4.0. The isoagglutinins, anti-A and 
anti-B, were present. Quantitative immunoglobulins (sera) 
revealed IgG of 514 (normal, 1350 ± 250 mg/dl), IgA 243 
(normal, 155 ± 92 mg/dl), and IgM 78 (normal, 145 ± 100 
mg/dl). The mitogen stimulation, lymphocyte tranforma-
tion studies revealed the following (via HJ:iDR uptake): 

Control = 214 
a) Phytohemagglutinin (PHA) = 64,671 
b) Pokeweed mitogen (PWM) = 33,944 
c) Concanavalin A (ConA) = 48,824 
These findings are all normal for our laboratory. 
Serum complement assays: C3 Beta IC/Beta IA was 200 

(normal, 80-250 mg/dl); C4 was 36 (normal, 14-51 mg/ 
dl); and CH5<> was 104 (normal, 70-185 mg/dl). Levels of 

F i g . 2. Pantopaque myelogram 
demonstrat ing abrupt cutof f o f con-
trast flow at the level o f T 3 . 
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F i g . 3. C T sector scan reveals destruct ion o f the body, t ransverse 
processes, pedicle , and r ib at the level o f T 3 . 

circulating immune complexes measured by the C1 q binding 
method were normal. T-lymphocyte subsets revealed nor-
mal qualitative and quantitative levels of "helper"/inducer 
T-cells (oKT4+) and "suppressor" cytotoxic/T-cells 
(0KT8+). Migratory inhibition factor assay showed a normal 
response to Candida antigen. Tests for lymphocyte transfor-
mation and migratory inhibition factor in response to the 
patient's N. asteroides antigen were not technically feasible. 

Final postoperative cultures of the back wound, sputa, 
urine, blood, and CSF have remained sterile. Serial chest 
roentgenograms have shown nearly total resolution of the 
right upper lobe infiltrate. Postoperative bilateral long tract 
signs persist, being less severe, whereas the sensory levels, 
Brown-Séquard components, and encephalopathy have 
cleared. Repeat quantitative T-cell counts have normalized, 
and delayed hypersensitivity skin responses to streptokinase, 
Candida, and Trichophyton are reactive after three months of 
sulfadiazine therapy. 

Discussion 
O u r pat ient had ep idura l cord compression 

a n d cont iguous ver tebral osteomyelitis f r o m in-
vasive pu lmonary Ar. asteroides. Despite n u m e r o u s 
reviews in the last 40 years of in t ramedul la ry or 
ex t radura l empyemas const i tu t ing a t r u e neuro-
surgical emergency , no investigators have de-
scribed such an aggressive epidura l process in a 
non immunosuppre s sed host , a n d no cases have 
advanced to the Brown-Séquard syndrome. 1 2" 1 5 

Since its descript ion in 1849, investigators have 
come to unde r s t and the Brown-Séquard syn-
d r o m e (BSS) as a n o n t r a u m a t i c in t ramedul la ry 
or t raumat ic hemisection of the spinal cord with 
monoplegia and loss of p ropr iocep t ion ipsilateral 

to the insult, with contra la tera l loss of pain and 
t empera tu re . 1 6 In addi t ion , non t r auma t i c BSS 
has been descr ibed in a n u m b e r of o the r inflam-
matory states such as epidural hematomas , lues, 
cont iguous osteomyelitis, and hern ia t ing nucleus 
pulposus. 1 7 - 2 0 

T h e first account of spinal cord nocardiosis 
was r e p o r t e d in a 38-year-old housewife with 
lower ext remi ty paraparesis , a r ight uppe r lobe 
infi l t rate , sputa and skin lesions tha t cu l tu red N. 
asteroides, and a rapid demise in t h ree weeks 
despi te t r e a tmen t with sulfadiazine.2 1 Epstein de-
scribed a 55-year-old non immunosuppres sed 
man with back pain, inability to walk, a r ight 
uppe r lobe infi l trate, and a d ra in ing right supra-
clavicular mass with thoracic nocardial epidural 
cord compression. Decompressive laminectomy, 
d e b r i d e m e n t , and m o r e than th ree mon ths of 
tetracycline and sulfisoxazole therapy resul ted in 
avoidance of ma jo r morbidi ty and potential mor-
tality. Interest ingly enough , as in ou r case, the 
disc spaces were preserved, with erosion of ribs, 
pedicles, and n u m e r o u s t ransverse processes. Be-
cause of its propensi ty to involve rib heads, acti-
nomycot ic bone disease d i f fers f r o m metastatic 
cancer and tuberculosis in that it spares the inter-
ver tebra l disc spaces.22 

Ver tebra l osteomyelitis is an unusual manifes-
tat ion of localized or disseminated Nocardia infec-
tions. Only 3 o the r cases have been r epo r t ed in 
the world l i tera ture , all of t h e m present ing as a 
myelopathy. O n e case involving the cervical spine 
was t r ea ted medically, whereas the o t h e r 2 were 
thoracic with cont iguous osteomyelitis, with only 
o n e cu l ture proved . 2 2 - 2 4 H e m a t o g e n o u s dissemi-
nat ion or cont iguous invasion a r e the routes of 
ver tebra l involvement . T h e valveless venous sin-
uses communica t ing be tween the re t ropleura l 
veins and the epidural venous plexus of Batson 
provide a potential ana tomic rou t e for such hem-
a togenous spread.2 5 '2 6 

In their review of 147 cases of nocardiosis, 
Presant et al27 summar ized many of the fea tures 
seen in ou r case. In that study, 69% of the victims 
were men , 79% had some variety of pu lmonary 
involvement , and 44% had central nervous sys-
tem fea tures (none with BSS or H o r n e r ' s syn-
drome) . Eleven weeks was the mean dura t ion of 
symptoms pr ior to diagnosis. A mortal i ty of 81 % 
was no ted with disseminated infection, with no 
d i f f e rence in mortal i ty ra te based on site of the 
pr imary infection, preexis t ing systemic disease, 
o r pr ior d r u g or cytotoxic therapy . F u r t h e r m o r e , 
systemic infection occur red as f requent ly in 
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healthy as in immunosuppressed hosts. Mortality 
rose to 85% in the presence of any of the follow-
ing features: (1) acute visceral symptoms for less 
than three weeks, (2) use of corticosteroids or 
cytotoxics (3), or spread to noncontiguous or-

27 
gans. 

As of 1981, only 4 cases of Nocardia brain 
abscess have been healed by drugs alone, which 
stresses the need for aggressive surgical debride-
ment.28 A study from the Mayo Clinic of 25 cases 
in 24 months made it quite clear that the Nocardia 
organism is not a contaminant or laboratory sap-
rophyte; in fact, Nocardia species were verified in 
only 0.05% of the 40 ,000 cultures done during 
this time.29 Although the portal of entry in at 
least 75% of cases is the pulmonary tree, gastroin-
testinal origins have also been described.30'31 

It has been postulated that healthy hosts harbor 
this organism without apparent clinical conse-
quence (similar to other commensals in man), but 
conclusive evidence of a reservoir of subclinical 
disease is lacking. In similar experiments from 
separate laboratories, killing of N. asteroides in 
immune macrophages for up to 60 days occurs 
in guinea pigs challenged with intraperitoneal 
NA inoculums. It appears that humoral activity 
has little role in host protection against Nocardia 
species. In patients passively immunized by spleen 
cell transfer from donors immunized with either 
live NA or P-RNA, the investigators found a 
decrease in intracellular NA in the peritoneal 
macrophages. In addition, host resistance was 
found to be markedly impaired when antimacro-
phage sera were given prior to the NA inoculum, 
with death ensuing in five days.32"34 

Since corticosteroids have clearly been shown 
to suppress macrophage function, it is under-
standable how rampant nocardiosis can become 
when these drugs are administered.35 A recent 
study has described invasive nocardiosis in the 
presence of an "apudoma" as part of the multiple 
endocrine adenomatosis (MEA I) syndrome. An 
undifferentiated adrenocorticotropic hormone 
(ACTH)-producing islet cell neoplasm provided 
the impetus for a life-threatening infection.36 

Mortality has been 30% in the Cleveland Clin-
ic's experience with Nocardia in the last 15 years 
(Table). Only 3 of the 13 cases (nos. 2, 5, and 10) 
were free of illness associated with a humoral or 
cellular immune defect or pharmacologic immu-
nosuppression. We believe that alcohol abuse 
and, likely, alcoholic cirrhosis, along with ob-
structive airway disease and poor nutrition, made 
our patient a more suitable recipient for this 

opportunistic infection. The patient's cellular im-
mune dysfunction and mild hypogammaglobuli-
nemia had been altered by the infection and 
chronic illness itself in that these conditions were 
corrected following surgical drainage, prolonged 
antibiotic therapy, and rehabilitation. For pur-
poses of discussion in this case report and in those 
patients seen at the Cleveland Clinic between 
1967 and 1982, immunosuppression implies no 
discernible defect in humoral or cellular immu-
nity. Other conditions such as malnutrition, al-
coholism, and chronic liver or lung disease may 
predispose the host to Nocardia infection (e.g., 
cases 2, 10, and 13) but are not proven determi-
nants in the acquisition of this opportunistic path-
ogen. The Table shows that degree of immuno-
suppression; age, sex, and race of the host; or 
underlying condition do not correlate well with 
manifestations or site of Nocardia infection, or 
outcome. It is also noteworthy that extensive 
surgical debridement was necessary in only one 
(case 13) of the 13 cases. As in many cases re-
ported in the literature, 7 of 13, or 54% of our 
patients were taking glucocorticoids. 

The recent literature has numerous pharma-
cologic treatment regimens for nocardiosis, along 
with ideal minimal inhibitory concentrations to 
assure eradication. Many drugs suppress the 
growth of Nocardia effectively, including the sul-
fonamides, ampicillin, tetracycline, erythromy-
cin, trimethoprim, rifampin, the aminoglyco-
sides, and cycloserine. Most reports show signifi-
cant improvement in survival in patients treated 
for six months or longer. However, there are 
reports of cures in patients treated for less than 
four weeks37'38 and, on the other hand, relapses 
of systemic nocardiosis following five prior 
months of pharmacotherapy.39 

With greater physician awareness, aggressive 
attempts at surgical debridement and procure-
ment of fresh tissue for culture, refined staining 
and plating techniques, and prolonged antibiotic 
therapy, mortality from nocardiosis has fallen 
from close to 70% to less than 30% in the last 
two decades.40 Our case presentation and review 
of the Cleveland Clinic's experience with Nocar-
dia demonstrate this improvement in overall 
mortality (30%). However, in the immunosup-
pressed host with disseminated infection, mortal-
ity rates totaled 80% in a large series just ten 
years ago, with death commonly resulting from 
superimposed infection, pulmonary hemorrhage, 
and respiratory failure.27 

Clinical presentation of an apical pulmonary 
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Table. Nocardiosis at the Cleveland Clinic, 1967-1982 
Outcome of 

Case Age/Race/Sex Underlying condition Culture source Species Treatment nocardiosis 

1 7 7 / B / F Myeloprol i ferat ive 
syndrome; steroids 
for three months 

B ra in ; L L L (effusion) N A Gantr is in Died 

2 6 9 / W / M Hort icu l tur is t ; left 
a rm sporotrichosis; 
C O P D 

R ight leg pustule N B I and D sulfa-
methoxypyrida-
zine 

A l i ve 

3 18 m o / B / M Asthma; steroids; 
r ight a rm nodule; 
hypogammaglobu-
l inemia 

Open-lung biopsy upper 
lobe nodules 

N A Bact r im/oxac i l l in A l i ve 

4 5 7 / W / M Wegener 's ; diabetes 
mell itus; cyclophos-
phamide and ste-
roids 

R U L cavity; blood and 
ur ine 

N A Sulfadiazine A l i ve 

5 6 5 / B / M Postop sepsis B lood N . A . None A l i ve 
6 6 3 / B / M U n d i f f bronchogenic ; 

T y p e I I D M ; C O P D 
L U L cavity; sputa N C Sulfadiazine A l i ve 

7 4 9 / W / M C M L ; blastic left tem-
poral lobe mass 

C S F N A Sulfadiazine D ied 

8 3 7 / W / F Polymyositis ; steroids; 
hyperthyroidism 

L U L asp biopsy N A Sulfadiazine A l i ve 

9 2 8 / W / M Stage I V b Hodgkin 's ; 
remote chemo and 
R T 

R ight hip nodule N A Sulfisoxazole A l i ve 

10 6 5 / W / M Alcohol ism; C O P D ; 
recent C V A 

Bra in , lung abscess and 
pleural effusion 

N A Sulfadiazine Died 

11 3 5 / W / M C R F ; cadaveric tx ; 
G V H D ; steroids and 
azathioprine 

Bra in—occ ip i ta l cortex N A Sulfadiazine and 
sulfisoxazole 

A l i ve 

12 4 7 / W / M M E A I ; parathyroid 
adenomas; Zoll in-
ger-El l ison; ectopic 
Cushing's 

R ight chest nodules N A Sulfadiazine and 
cycloserine 

Died 

13 5 3 / W / M Alcohol ism; C O P D Necrot iz ing r ight upper 
lobe pneumonia; tho-
racic epidural abscess; 
thoracic vertebrae (os-
teomyelitis) 

N A Surgical debride-
ment; ampicil-
l in; sulfadiazine 

A l i ve 

N A = Xocardia asteroides; N B = Xocardm brasiliensis; N C = Xorardia caviae; G V H D = graft-vs-host disease; M E A I = multiple endocrine 
adenometosis I ; L L L = left lower lobe; C O P D = chronic obstructive pulmonary disease; I and D = incision and drainage; R U L = right 
upper lobe; undi f f = undifferentiated; T y p e I I D M = T y p e I I diabetes mell itus; L U L = left upper lobe; C M L = chronic myelogenous 
leukemia; C S F = cerebrospinal f luid; A S P = aspiration; chemo and R T = chemotherapy and radiation; C V A = cerebrovascular accident; 
C R F = chronic renal fa i lure ; cadaveric tx = cadaveric transplant. 

density along with the Horne r ' s syndrome and 
contiguous bone destruction is nearly pathogno-
monic for a Pancoast tumor . However, ou r case 
study stresses the impor tance of considering no-
cardiosis in the differential diagnosis. We believe 
that all cases of nocardiosis should be investigated 
with humora l and cellular immunity studies to 
delineate this g roup of apparent ly non immuno-
suppressed patients so that we may bet ter under-
stand the natural history and prognosis of this 
potentially devastating infection. 
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