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By DR. PAUL J. SCHMIDT, DR. MICHAEL F. BARILE and MRs. MARY H. McGINNISS 
Clinical Pathology Department, Clinlcal Center and Division of Biologics Standards, National Institutes of Health, 
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WE have reported that an association exists between 
the red blood cell group I and neoplastic disease, 

particularly leukaemia1 • Whereas normal donors are 
rarely I negative ( < O·l per cent), we found 38 of 124 
patients with leukaemia to be I negative. Fluctuations in 
antigen I reactivity during exacerbation and remission in 
these patients suggested to us that the I antigen was 
blocked or destroyed during the course of the disease. 
There is one known relationship between an infectious 
disease and the I blood group, that is, the cold agglutinins 
of primary atypical pneumonia often have I specificity•. 
This prompted us to explore the disease relationship we 
observed in terms of possible association with micro
organisms. 

In the work recorded here, 45microbialagents including 
mycoplasma (PPLO or pleuropneumonia-like organisms), 
viruses and bacteria were added in vitro to I-positive red 
blood cells from normal donors to determine whether 
these agents could alter the I agglutinability of these cells. 
Eighteen of 25 mycoplasma tested, including three myco
plasma derived from human tumour tissue could block or 
destroy the I receptors of normal red cells in vitro and 
mimic our findings on patients with leukaemia. 

The anti-I reagent was a y-macroglobulin fraction of an 
isoimmune serum from an I-negative patient1. Parallel 
control tests were done with a human anti-A, (absorbed 
B) reagent. 

The mycoplasma and bacteria were grown in broth 
medium containing a brain heart infusion base (Baltimore 
Biologics Laboratory), 15 per cent non-inactivated horse 
serum and I per cent yeast extract, incubated aerobically 
at 37° C for 3-5 days. The mycoplasma were sedimented 
by centrifugation at 27,000g, re-suspended in physiological 
saline at a 100-fold concentration and disrupted by 
freezing and thawing twice before use. The bacteria 
were sedimented at 8,000g and then treated in the same 
manner. The viral preparations were tissue culture 
suspensions except for the influenza viruses, which were 
chick embryo suspensions. They were also exposed to 
freezing and thawing. These microbial preparations 
had population titres ranging from 107 to 1011 organisms 
per ml. 

In the test system, one volume of the microbial material 
was added to an equal volume of a 2 per cent saline suspen
sion of washed day-old I-positive human group A 1 red 

cells. The mixture was incubated at 22° C for 30 min 
and then washed three times in a large quantity of saline 
and reconstituted to a 2 per cent suspension. One drop of 
treated cell suspension was mixed with one drop of 
agglutinating reagent. The tubes were incubated at 
22° C for 30 min and centrifuged. Macroscopic agglutina
tion ( + + + ) occurred with saline controls and was used 
as evidence for no inhibition. Lesser agglutination 
requiring microscopic examination indicated inhibition 
and was scored as trace inhibition ( + + agglutination) 
or strong inhibition ( + or negative agglutination). All 
tests were performed in parallel with cells and reagents 
from the same lots. Control tests were done using human 
group AB (non-immune) serum to detect any haemagglut
ination due to the microbial agents themselves. Broth 
medium and its yeast component were also tested for 
activity. After the preliminary experiments, the micro
bial materials and controls were number-coded before 
test and duplicate samples were intentionally in
cluded. 

A total of 45 strains were tested as 58 unknowns for 
activity in both the I and A blood group systems. These 
included 25 mycoplasma strains (9 human, 5 murine, 2 
avian and 1 each canine, calf and goat, 3 tissue culture and 
3 saprophytes), 11 viral agents and 9 bacteria. Seven 
of the bacteria were non-specifically active, that is, caused 
pan-agglutination as in the Hubener-Thompsen pheno
menon• when the group AB serum was added. These 
latter are not listed therefore in Table 1, which shows 
results of specific activity in the I blood group system of 
tested material. None of the other agents caused spon
taneous haemagglutination with the exception of one 
influenza strain. 

Anti-I agglutination was inhibited by 18 of the 25 
mycoplasma strains tested (72 per cent); 7 of the 9 human 
strains were active (Table 1). One of the 11 viral agents 
had trace activity. Streptococcus MG, an organism used 
in serological tests for primary atypical pneumonia, was 
inactive. No inhibition of anti-A1 was seen. 1In other 
investigations, agglutination by anti-Lewis sera, Leb and 
Lea, was not inhibited.) 

The I agglutinability of red cells was altered by treat
ment with mycoplasma material for as little as 30 min. 
Stronger inhibition resulted when the treated washed cells 
were held overnight at 5° C. This may explain the vari-
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ability of results seen with some of the mycoplasma, 
especially M. JwminiB, 2, and strain Rab-~2 . . .. 

It was not possible to demonstrate mh1b~t~on when 
mycoplasma woro mixed with anti-I befol'e addition of the 
indicator red cells. This indicates that the effec~ was not 
due to serologic cross-l'eactivity between PPLO and anti-I 
but was an alteration of the I receptor sites on the red 
cell. 

Cold haemagglutinins are well kno~ in patients with 
malignant disease of the lympho-reticulal' sr~tem and 
primary atypical pneumonia. Theso ag~lutmms oft~n 
have anti-I specificity2• In primary atyprnal pneumo~ua 
it is preswned that Mycoplasma pru:-umoniae, the causative 
agent' is responsible for the development of the cold 
agglutinins. Mycopla.sma pneumoniae and other PPLO 
produce he.emolysis in culture•; others produce haem
adsorption 6• 

Mycoplasma have been isolated from human t_umour 
tissue. Horoszewicz recovered mycoplasma strain 8~0 
from tho spleen of a patient with chronic lymphocytic 
leukaemia? and one ofus (M. F. B.) isolated mycoplasma 
strain A63.'..l 7 from lung tumour tissue of a patient with 
Hodgkin's disease and mycoplasma strain Rl-12 fr<;>m 
tissues of a patient with histiocytoma. These three strams 
of mycoplasma were among the age~ts showi1.1"g ~he 
strongest inhibitory Mtivity in the anti-I agglutma.t1on 
system. . Virus-like agents have been demonstrated m. cell 
cultures and virus-like particles seen on electron nucro
scopy of blood and bone marrow from patients with 
Jeukaemia8 - 12 , Known myoopla.sma under electron 
microscopy using the negative staining technique ca~ 
appear quite similar to these particles13• Dmochowski 
reports that the blood of leukaemic patients which has 
virus-like particles also contains mycoplasma14

, Murphy 
reported that his agent(s) which produces a. fatal l~uka~
moid disease in mice is either a mycoplasma, an umdent1-
fied virus or both15 • 

Table 1. MICROBIAL INmBITION 011' THII AGGLUTINATION BY ANTI-I 

Source Ideutiflcatlon 
Mycopla,ma 

strain .<t 6S-17 Buman sarcoma 
Human leukaemia Strain 880 
Human bistlocytoma Strain RJ-12 
Human pneumonia M. pnimmoniM 
Human synovltls Strain 6R 
Human penis M. fer,nentattl 
Buman month M. salivarium 
Human urethra M, hominis, 1 
Human urethra 1ti.~':M Murtnc arthritis 
Murlne arthritis Strain JR-3 
Murine arthritis Strain Pr,strm. 
Murlnelung M,pulmonu 
Murlne brain M. neurof!_lict1m 
Murlne brain Strain P -28 
Marine brain Strain ..4 
Avian lung M. gal/inarmn 
Avlansln~ttis Strain .NTF 
Canine M.spuman, 
Bovine Strain 'call' 
Goat Strain 'lcid' 
Tissue cell culture Strain RK-13 
Tissue cell culture Strain Hep-Z 
Tissue ~ell culture Rab-82 
Saprophyte M. laidl.awii, ..4 
Saprophyte M, l.aicllawii B 
Saprophyte Strain Laidlaw 

VirtlB 
Poliovirus Type 1, TA 2 
Poliovirus Type 2, TB 2 
Poliovtrus Type S, TC 2 
Adenovtrn5 Type S, GB 
Adenovirus Type4,MA 
Adenovlrus Tr.pe 7, LL 
Influenr.a A . ~wine/1076tl lnlluenza A2/Japan/80 /67 
Influenza A2.fl. apan/170/62 
Inlluonza. B/ a.ryla.nd/1/59 
Smallpox Itefereuce Lot 2 

Bacteria 
.A. aerogenea 
Streptococcus MG 

Control 
Broth medium 
Yeast cxtr. 25% 

Inhibition of anti-I 
None 
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;x: - individual test reeult on eeparl\te speoimen. 

Our findings sugges~ that an association may exist 
be~ween th~ red cell antigen I, mycoplasma and leukaemia. 
Of c~mrse, 1t ~oes not follow necessarily that mycoplasma 
are involved _m the pathogenesis of this disease. Myco
p!asma are rmpo~iant agents in veterinary medicine. 
lhoy have ~e_e~

6 
H!ol?'te~ from patients with non-gono· 

coccal urethritis , Reiter s syndrome, rheumatoid arthritis 
and lupu~ eryth~matosus17• However, primary atypical 
pnomnorua remains the only disease of man known to be 
c?'used by ~ycoplasf°;a. Thomas has suggested that 
su~ce lung t~ssue antibody appears in patients with 
p~rmary atypical pneumonia, the possibility that infection 
~1th mycoplasma is implicated in conditions character
~zed by a~to-immuno serologic reactions requires further 
mvest1gatio_n 18 

•• Our finding that red cell antigen I can 
be alter~d in vitro by mycoplasma when considered with 
~he fi:1dmgs of both mycoplasma• and anti-I antibodies2 
m primary atypical pneumonia is an illust,ration of this concept. 

'l'he in V'itro interference with anti-I agglutination by 
~ycopl~ma presents a "'.or king hypothesis to explain the 
magglutmability by anti-I of red cells of patients with 
leukaemia:, We suggest that although mycoplasma may 
n~t be pnmary agonts in hmnan neoplastic disease, they 
rmght bo_ opportunist or secondary invad0.rs. They 
could bo involved in combination with another (viral 'I) 
agent, as in the mouse hepatitis system1• or the Roushelper system••. 

Ono ?ther microbial agent is known to alter the I red 
cell antigen. Marcus21 found that filtrates of CloBtrulium 
tertium can destroy tho I determinant. These filtrates 
were specific for I but wero more active against the I 
factor of group A cells than of group O cells. The activity 
was probably enzymatic. We have found that myco
plasma can alter I antigen reactivity and that they are 
also more active against the I factor of group A cells 
than _of group O cells. PPLO are enzymatically active, 
~spe?1ally in the arginine dehydrolase systemn, and the 
in;vitro effect we have observed may be due to an enzym
atic degradation of the I antigen determinant on normal cells. 
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