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Precipitin and Skin Tests in the Diagnosis of Mycetoma Due to 
Nocardia brasiliensis. (28270) 

L. F. BOJALIL AND A. ZAMORA (Introduced by J. K. Frenkel) 
Departamento de Microbiologia y Parasilologia, Facultad de Medicina, Universidad de Mkxico,  

Hospital General, Mhxico, D .  F .  

A precise demonstration of the presence of 
circulating antibodies in patients with myce- 
toma due either to Nocardia brasiliensis or 
Nocardia asteroides is lacking. Laboratory 
animals immunized with these microorganisms 
show antibodies in their blood, as revealed by 
agglutination, precipitation or complement 
fixation reactions( 1-3) ; however, all of these 
lacked the requisite specificity. 

The literature also contains contradictory 
reports regarding skin hypersensitivity studies 
carried out with these microorganisms (4-8).  
The materials* used to elicit responses have 
been likewise, crude and non-quantitative. 

This paper is concerned with the immuno- 
logical response of patients with mycetoma 
due to N .  brasiliensis, using purified Nocardia 
polysaccharides as antigens for serology, and 
purified Nocardia proteins to evoke skin re- 
actions. 

Materials and methods. Serological tests 
were carried out using Ouchterlony’s( 10) 
double-diff usion precipitin reaction in agar. 
Sera from 14 patients with mycetoma due to 
N .  brasiliensis were tested and compared with 
a number of sera from tuberculous patients, 
healthy individuals, as well as with sera from 
patients with other infectious and non-infec- 
tious diseases. 

As antigens for the precipitin reactions we 
used 2 polysaccharides isolated from N .  bras- 
iliensis (Poly I Nb and Poly I1 Nb) and 2 
others from N .  asteroides (Poly I Na and 
Poly I1 Na).  Poly I Na and Poly I Nb are 
apparently the same and are regarded as 
group specific. Arabinose and galactose are 
the monosaccharide constituents of Poly I 

*Th: term “sensitin” has been suggested(9) for a 
nonantigenic substance prepared from a microorgan- 
ism, capable of revealing sensitivity of the delayed 
type which is evoked by the organism. Tuberculin, 
histoplasmin and coccidioidin are regarded as ex- 
amples of “sensitin”. 

Nb and Poly I Na and their molar ratios are 
similar. They cross-react when tested with 
rabbit antisera prepared against either No- 
cardia species. Furthermore, either polysac- 
charide I absorbed serum antibodies against 
the other. 

Poly I1 Nb and Poly I1 Na are species spe- 
cific; they react with rabbit antisera prepared 
against the homologous Nocardia species only. 
They contain mannose in addition to arabi- 
nose and galactose, with the molar ratios of 
the last 2 sugars variable according to species. 
A full account on the purification and the im- 
munological characterization of these poly- 
saccharides is being reported elsewhere ( 1 1 ) . 

Sera obtained from the patients had been 
preserved at  0°C after addition of merthio- 
late to a final concentration of 1:1O,OOO. 
Usually, 0.1 ml of serum was deposited in the 
center well of the agar plates, and 0.1 ml con- 
taining 50 pg of each of the purified polysac- 
charide antigens was placed in the peripheral 
wells. The plates were incubated at 2 1 “C for 
up to one week in a moist chamber. All pre- 
cipitin bands that appeared were visible be- 
tween 24-72 hours of incubation. 
Skin tests. For these tests we used puri- 

fied protein derivatives from N .  brasiliensis 
(RS-117) and from N .  asteroides (RS-81). 
For comparison, a purified preparation of 
tuberculin (RT-23) was used. All substances 
used to elicit skin responses, including the tu- 
berculin, were kindly provided by Dr. Mo- 
gens Magnusson of the Tuberculosis Depart- 
ment, Statens Seruminstitut, Copenhagen, 
Denmark, who has reported the methods used 
for preparation of these substances ( 12 , 13). 
He also tested their specificity in guinea pigs 
sensitized with various strains of N .  brasilien- 
sis and N .  asteroides(9). 

Following a preliminary evaluation of the 
skin test materials, all patients received an 
intradermal dose of 0.2 pg in 0.1 ml. Two 
hundredths of a pg in 0.1 ml was used for the 
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patients with mycetoma due to N. brasiliensis 
gave one band of precipitation per serum with 
either Poly I Nb or Poly I Na, and 2 bands 
with Pdy I1 Nb (Fig. 1). This pattern of 
precipitation is the same as that previously 
observed with rabbit antisera( 11). 

That Poly I Nb and Poly I Na are similar, 
if not identical, is supported by previous ob- 
servations with rabbit antisera and also by 
the findings presented here which indicate 
that both of the polysaccharides precipitated 
serum antibodies from patients with myce- 
toma due to N .  brasiliensis. Furthermore, 
either Polysaccharide I absorbed serum anti- 
bodies against the other. The fact that a 
high percentage of tuberculous patients as 
well as leprosy patients showed circulating an- 
tibodies against Polysaccharide I (Table I) 
strongly suggests that these pathogenic my- 
cobacteria may possess a polysaccharide anti- 
gen similar to the Polysaccharide I from No- 
cardia. These data alone could also be inter- 
preted as indicating a closer relationship be- 
tween Nocardia and the mycobacteria than 
between Nocardia and Actinomyces or Strep- 
tomyces. 

Polysaccharides I1 by contrast, appear to 
be species specific. Poly I1 Nb precipitated 
serum antibodies only from patients with my- 
cetoma by N. brasiliensis (Fig. 1). Although 
we were not able to obtain sera from humans 
with diseases caused by N. asteroides, sera 
from rabbits infected with N. asteroides pre- 
cipitated Poly I1 Na but did not react with 
Poly I1 Nb(l1). 

Three of the patients with mycetoma due 
FIG. 1. Double diffusion precipitin reactions of to N. brasiliensis who had been treated with 
antisera and polysaccharide antigens of Nocardia 
brasiliensis. The center wells ( 5 )  contain the anti- 
gens; in A, polysaccharide I and in  B, polysaccha- 
ride 11, both from N. brasiliensis. Peripheral wells 
of both plates contain antisera as follows: 1, 
serum from a healthy person; 2, serum from a 

a daily oral dose of 500 mg of Sulfadimethox- 
ine (Madribon, Hoffmann-LaRoche) for Pe- 
riods of 6 months to one year, showed Serum 
antibodies only against Polysaccharides I* 

patient with mycetoma caused'by' N .  brasiliensis; 
3, serum from a tuberculous patient; 4, serum 

from a patient with leprosy. 
All patients with mycetoma due to N .  bras- 

iliensis reacted positively with the homologous 
* -  

protein preparation (RS-117) at doses of 0.2 
tuberculin tests. A skin reaction was consid- pg/O.l ml, showing an area of induration of 
ered positive if 6 mm or more of induration 20 to 2 5  ml of diameter. In contrast, the 
was present at the site of injection within 24 comparable protein preparation from N. as- 
to 48 hours. Reactions of less than 6 mm teroides (RS-81) elicited positive reactions 
were considered negative. in only 2 of the cases (one case of mycetoma 

Results and discussion. All the sera from by N. brasiliensis and one of tuberculosis) 
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TABLE I. Precipitin Reactions and Skin Tests in Patients with Mycetonla and Other 
Diseases, Using Purified Nocardia Polysaccharides and Proteins. 

Skin hypersensitivity 
tests with Nocardia Prccipitin reaction with Nocardia 

polysaccharides proteins 
r----1-, 7-11- ,  
N .  brasilien- 

No. of Clinical and sis and N .  brasili- N .  brasili- 
cases laboratory diagnosis AT. asteroides ensis N .  asteroides ensis N .  asteroides 

14 Active mycetoma due + t  +: + --o 
3 Mycetoma by N. brasili- + - - 

1 Mycetoma due to Strep-  - - - - - 

1 Actinoniycosis (Actino- - - - - - 

-11 58 Tuberculosis + 
13 Tuberculosis! - - - - - 
63 Hepatic or renal diseases - - - - - 
51 Healthy adults - - - - - 

- 
to N .  brasiliensis* 

ensis arrested by 
chemotherapy 

tomyces inndwae  

niyces bovis) 

- + 

2 Lepromatous leprosy + - - non tested lion tested 
- - - 

_ _ _ _ ~  

* I n  all cases of mycctonia ( N .  brasiliensis and S .  madurae), actinomycosis ( A .  bovis) and 

t All positive reactions with polysaccharides I ( N .  brasiliensis or N .  asteroides) showed 

t All positive rcactions with polysaccharides I1 from N .  brasiliensis showed 2 bands of pre- 

$ I n  one case, a 9 mm area of irduration was noticed. 
1) I n  one case, an 8 mm area of induratioii was noticed. 
1 Most of the patients wliicli gave negative reactions with Poly I had received long-term 

of tubcrculosis (M. t u b e r c i i h i s ) ,  the niicroorganisnis were cultured and further identified. 

only one band of precipitation. 

cipi ta t ion. 

clieniotlierapy and surgery. 

and these reactions were quite weak (8 to 9 
mm of diameter). 

None of the Nocardia protein preparations 
elicited positive skin reactions at  the low 
doses used (0.2 pg/O.l ml) in patients with 
either tuberculosis, actinomycosis, mycetoma 
due to S. madurae, or in healthy individuals. 
Preliminary tests showed, however, that al- 
most every individual with a positive tubercu- 
lin reaction reacted positively with high doses 
of the N .  asteroides protein preparation (2  
pg/O.l ml). I t  was of interest that even in 
high doses, the N .  brasiliensis protein prepa- 
ration elicited cross-reactions in only a few 
tuberculin-positive individuals. 

It is concluded that both the precipitin re- 
action with Poly I1 Nb and the skin test with 
RS-117, are useful for diagnosis of mycetoma 
due to N .  brasiliensis. I t  is possible that Poly 
I1 Na and the protein preparation RS-81 
(from N .  asteroides) may prove their value 
in diagnosis of diseases produced by N .  aster- 
oides. 

Summary. By using a purified polysac- 
charide from Nocardia brasiliensis (Poly I1 
Nb), precipitins were detected in sera of pa- 
tients with mycetoma caused by this microor- 
ganism. Poly I1 Nb appears to be highly 
specific in the agar double-diff usion precipitin 
technique, since no cross-reactions were ob- 
tained with a number of sera from patients 
with other diseases, including tuberculosis, 
leprosy, actinomycosis, and mycetoma due to 
Streptomyces madurae. There are other poly- 
saccharides in N .  brasiliensis and N .  aster- 
oides (Poly I Nb and Poly I Na, respec- 
tively), which are very similar in composi- 
tion, which cross-react and have lesser diag- 
nostic specificity. Besides precipitating se- 
rum antibodies from patients with mycetoma 
due to N .  brasiliensis, they also precipitate 
with sera from tuberculous and leprous pa- 
tients, but not with sera from patients with 
certain other diseases or from healthy individ- 
uals. Purified proteins from N .  brasiliensis 
(preparation RS-117) were used for skin 
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tests. Positive reactions were obtained in all 
patients with mycetoma due to N. brasiliensis 
but not in patients with other diseases or in 
healthy individuals. It is concluded that 
these tests may be of value in diagnosis of 
mycetoma due to N. brasiliensis. 
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Quality and Yield of Vaccinia Virus from L Cell Cultures.* (28271) 

G. J. GALASSO AND D. G. SHARP 
Dept. of Bacteriology and Immunology, University of N .  Carolina School of Medicine, Chapel Hill 

Technical difficulties have delayed progress 
in the measurement of the quality of viruses 
other than those of the influenza group for 
which the I/HA ratio has been so successfully 
applied, but direct particle counting has now 
advanced to fill this need. The quality of the 
vaccinia virus reported here will be expressed 
as the ratio of plaque forming units (pfu) to 
the number of particles as seen and counted 
in the electron microscope. Certain changes 
in virus quality have been observed, particu- 
larly in the early hours of rapid new virus 
production in infected L cells. These may be 
related to the von Magnus effect (1) with in- 
fluenza viruses but there are essential differ- 
ences. 

Materials and methods. The WR (mouse 
neurotropic) strain of vaccinia virus, used in 
this work, has been kept in continuous pas- 
sage in screw-capped bottle cultures of L cells. 
The last 280 passages have been made with 
48- to 72-hour virus a t  multiplicity M = 20. 
Earle’s L cells, in screw-capped tube cultures, 
were used for experiments on virus growth. 
These were incubated slantwise at  37°C until 

*This work supported by grant from Division of 
Research Grants, U.S.P.H.S. 

time for titration and virus particle count. 
Monolayers of L cells were used for plaque 
titration. Growth medium and complete de- 
tails of the growth experiment have been pub- 
lished (2 ) . 

We wanted the increase in virus to be an 
index of particle production in all cells rather 
than of the fraction of cells producing. One 
requirement for this is synchrony in inocula- 
tion. This was provided by the sedimentation 
inoculation procedure (3 ) which accomplishes 
this purpose in less than 7 minutes. This 
short time has been shown to be adequate(4). 
The multiplicity of inoculation was 10 in all 
growth experiments. This number seems to 
have been adequate to infect all the cells. 

Plaque titrations were made a t  the times 
when the samples were ready, None were 
frozen or otherwise stored to await titration. 
Samples were thoroughly dispersed with 9 
kc sonic waves just prior to titration. Ag- 
gregation analyses, made on the electron mi- 
crographs used for particle counting, have 
shown the suspensions to contain over 80% 
active units ( 5 ) .  

Counting of virus particles was done by the 
agar sedimentation method of Sharp( 6). Re- 




