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Mycoplasma pneumoniae has been estab- 
lished as the etiologic agent of naturally oc- 
curring cold agglutinin-positive primary 
atypical pneumonia, and this mycoplasma 
may also cause febrile upper respiratory ill- 
ness ( 1 ). In addition, experimentally infected 
volunteers have been observed to develop 
bullous myringitis ( 2 ) .  Although M .  pneu- 
moniae is the only mycoplasma species that 
has been conclusively shown to be a human 
pathogen, recent evidence suggests that an- 
other species may be capable of causing hu- 
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man disease. In this laboratory, M .  horninis 
type 1 has been isolated more frequently 
from persons with respiratory illness than 
from healthy persons, and we have demon- 
strated that M .  hominis type 1 is capable of 
producing exudative pharyngitis in experi- 
mentally infected volunteers(3). The detec- 
tion of antibody and measurement of anti- 
body rises in these volunteers was accom- 
plished only by means of the indirect hemag- 
glutination (IHA) technique, due to its 
greater sensitivity in comparison with other 
serological methods. Information concern- 
ing the sensitivity and specificity of the IHA 
technique and the speed of development, per- 
sistence and protective effect of IHA anti- 
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body in the volunteers inoculated with M .  
hominis type 1 is presented here. In  addi- 
tion, information is presented concerning the 
prevalence of antibody in healthy persons of 
different ages in the general population. 

Materials and methods. Media. The PPLO 
agar and broth media used for isolation, 
propagation and maintenance of mycoplasma 
organisms have been described in detail (4) .  

Volunteer inoculum and inoculation proce- 
dure. Isolation of the DC63 oral strain of 
M .  hominis type 1 and preparation of the 
volunteer inoculum has been described (3) .  
Each volunteer received lo7 to lo8 colony- 
forming units of strain DC63 in its second 
broth passage; one ml of this material was 
sprayed into the oropharynx and one ml pi- 
petted into the nose. 

Volunteers at National Institutes of Health 
( N I H )  Clinical Center and at Lorton Re-  
formatory. The facilities for conducting vol- 
unteer studies a t  the N I H  Clinical Center 
and at  the District of Columbia Department 
of Corrections, Lorton, Va., have been de- 
scribed( 2,3,5). At the Clinical Center, male 
volunteers, 21 to 40 years of age, were 
selected who were free of detectable comple- 
ment-fixing and fluorescent-stainable anti- 
body. This was before the IHA technique 
had been developed. The volunteers were iso- 
lated 3 in a room for a period of 14 to 26 
days after inoculation. At Lorton Reforma- 
tory, sera from male volunteers, 20 to 62 
years of age, were pretested for antibody to 
M .  hominis type 1 (strain DC63) by the 
IHA technique and volunteers selected on 
the basis of their antibody level. The volun- 
teers were isolated in a dormitory for a period 
of 18 days following inoculation. 

Collection of specimens. Pharyngeal cul- 
tures for mycoplasma isolation were obtained 
before inoculation with mycoplasma strain 
DC63, and at  2-day intervals thereafter 
throughout the period of observation, as de- 
scribed previously (3 ) .  Cultures were also ob- 
tained from some volunteers 16 weeks after 
inoculation, i.e., after the period of isolation 
and clinical observation. 

Acute phase serum was obtained from 
v$pteers on the day of, or one to two days 
before inoculation with strain DC63. In  all 
cases, convalescent sera were taken 18 days 

and 4 and 5 weeks later. In  some instances, 
serum was obtained 5 and 10 days and 16 
weeks after inoculation. 

The study of IHA antibody in persons of 
different ages was carried out with sera ob- 
tained between 1959 and 1964 from children 
and adults without respiratory disease. The 
children, 3 months to 17 years old, were 
either hospitalized or attending clinics a t  
Children’s Hospital, Washington, D. C. The 
majority of sera from adults were from pa- 
tients aged 20 to 60 years and over, with 
non-respiratory illnesses a t  D.  C. General 
Hospital, Washington, D. C. These patients 
were subjects who served as “controls” in 
a study of pneumonia a t  this hospital (Muf- 
son, unpublished), Sera were also obtained 
from young adults on the secretarial staff 
of the Laboratory of Infectious Diseases. All 
sera were stored a t  -20°C. 

Mycophsma isolation and identification 
procedures. These have been described in 
detail (3).  Briefly, PPLO agar plates, inocu- 
lated with pharyngeal swabs, were incubated 
a t  37°C in an aerobic atmosphere, although 
a few plates were dso incubated in a mix- 
ture of 5 %  carbon dioxide and 9570 nitrogen. 
Colonies from the second passage on agar 
were used to inoculate PPLO broth and these 
cultures were then used for subsequent iden- 
tification of the mycoplasma organisms by 
the growth inhibition technique( 6) .  Hyper- 
immune rabbit serum, impregnated in a filter 
disc placed on the surface of a PPLO agar 
plate, inhibited the growth of the homologous 
mycoplasma strain in a zone surrounding the 
disc. 

Hyperimmune rabbit sera. Rabbit anti- 
sera to M .  hominis type 1 (strain DC63 and 
prototype strain PG21) and the other proto- 
type mycoplasma strains were prepared as 
described previously( 4) .  Briefly, all myco- 
plasma organisms, except M .  pneumoniae, 
were grown in rabbit infusion broth supple- 
mented with rabbit serum and 20-fold con- 
centrates of this material were used to in- 
oculate rabbits; M .  pneumoniae was grown 
in chick embryo lung and the homogenized 
suspension of lung was used to inoculate 
rabbits. 

Complement-fixation ( C F )  and immuno- 
fluorescence techniques. The preparation of 
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CF antigens and the technique employed 
have been reported (3,4,7). Eight units of 
antigen were used and the tests were per- 
formed by overnight fixation a t  4OC in micro 
CF plates. Horse anti-human gamma glob- 
ulin, conjugated with fluorescein isothiocya- 
nate, was used in the indirect fluorescent 
antibody procedure (8). 

Indirect hemagglutination ( I H A )  tech- 
nique. The method employed was that de- 
scribed previously(7) but modified by the 
use of sensitized sheep erythrocytes stored 
at  -70°C. Sonically disrupted mycoplasma 
organisms were adsorbed onto tanned sheep 
erythrocytes; sera were then tested for their 
capacity to agglutinate a 1% suspension of 
erythrocytes. Tests were performed in dis- 
posable plastic microtitration plates (Cooke 
Engineering Co., Alexandria, Va.) which 
were incubated at  34OC for 2 ,hours. Seventy- 
five per cent agglutination of sensitized eryth- 
rocytes was considered the end point for 
determination of serum titer, and not 50% 
agglutination as described previously( 7). To 
obtain reproducible IHA tests, a large quan- 
tity of sensitized sheep erythrocytes was 
preserved by a modification of the method 
described by Hubert et aZ(9). A suspension 
of one per cent sensitized tanned erythro- 
cytes was centrifuged and resuspended in 
heat-inactivated normal rabbit serum, diluted 
1:200 in buffered saline (pH 7.2), to pro- 
duce a 4% erythrocyte suspension. These 
cells were then mixed with an equal volume 
of dextrose-lactose solution; the final con- 
centrations of dextrose and lactose in this 
solution were 5 %  and 7.5%, respectively. 
Aliquots of the erythrocyte-sugar mixture 
were sealed in glass ampoules, shell-frozen in 
dry ice and alcohol and stored a t  -70°C. 
When required, the contents of an ampoule 
were thawed rapidly by agitation in a water- 
bath at 37°C and the cells centrifuged 
at  1500 rpm for 10 minutes. The amount 
of hemolysis in the supernatant fluid was 
determined using a Bausch and Lomb 
“Spectronic 20” colorimeter ( 5 9 0 ~ ) .  The 
erythrocytes were then washed once in 1:200 
normal rabbit serum and resuspended in the 
same solution to yield at  1% concentration 
of sensitized sheep erythrocytes. 

Results. Indirect hemagglutination ( I H A )  

TABLE I. Effect of Different Sheep Erythrocytes 
on IHA Test with M .  Horninis Type 1 (Strain 

DC’63). 

5% agglutina- Reciprocal of anti- 
Erythrocytes* tion in antigen body titer with 
from sheep No. control rabbit antiserum 

37 100 ?t 
54 75 ? 
42 50 ? 
44 25 320 
75 - 160 
70 - 5120 
48 - 10240 

~~ ~~ 

* Erythrocytes sensitized with a 1/64 dilution of 
antigen. 

t No end point because of agglutination in anti- 
gen control. 

technique. In a preliminary experiment, 
erythrocytes from different sheep were ex- 
amined. Erythrocytes from 13 sheep were 
tanned and sensitized with various dilutions 
of M .  hominis type 1 (strain DC63) antigen 
and then tested against an homologous rab- 
bit antiserum. The results in Table I show 
that erythrocytes from 7 different sheep, sensi- 
tized with a 1/64 dilution of antigen, varied 
in their ability to react with the homologous 
rabbit antiserum. Sensitized cells from sev- 
eral sheep reacted to high titer; however, 
sheep #48 cells were found to be the most 
sensitive and were used in subsequent IHA 
tests. 

Even with the use of erthrocytes from 
the same sheep it was difficult to maintain 
reproducibility in consecutive IHA tests. 
Furthermore, the process of tanning and 
sensitizing erythrocytes for individual tests 
was laborious and introduced an additional 
variable. Therefore, in order to make the 
technique less tedious and increase repro- 
ducibility, a large volume of erythrocytes, 
sensitized with mycoplasma strain DC63, was 
shell-frozen, stored in aliquots a t  -70°C 
and used when required over a period of 
several months. As shown in Table 11, freez- 
ing the 4% sensitized erythrocytes and thaw- 
ing 4 days later resulted in 22% hemolysis. 
The amount of hemolysis increased a further 
2-fold over a storage period of 3 months but 
was not associated with a decrease in sensi- 
tivity of the test. Further, the titer of a 
standard human serum did not alter more 
than 2-fold over the 3 months, so that the 
test was reproducible during this period. 
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TABLE 11. Rcproducibility of IHA Test Over a 
3 Month Period. 

Time of testing Reciprocal of anti- 
DC63-senti- body titer with 
tized sheep standard con- 

crythorcytes % hemolysis valescent human 
after freezing after thawing serum (Pinckney) 

Pre-f rcezing - 160 
4 days 22 160 
5 w k  32 320 
9 ” 39 320 

10  ” 35 320 
11 ” 40 320 
1 2  ” 40 320 

The IHA titers of sera were the same 
whether the sera and sensitized erythrocytes 
were incubated at  4”C, 23”C, 34°C or 39”C, 
except that a t  39°C the titers of some sera 
were lower than those obtained a t  the other 
incubation temperatures. A temperature of 
34OC was arbitrarily chosen for performance 
of the test. After partial, or complete settling 
of erythrocytes which required about 2 hours, 
agitation and reincubation did not alter the 
serum titers. I t  was not necessary to read 
tests immediately after settling of the cells 
since the patterns did not change over a 
period of a t  least one week if the plates were 
placed a t  4OC. After this time, lysis of 
erythrocytes occurred. 

Relationship of DC63 and PG21 (proto- 
t ype )  strains of M. hominis type 1 b y  I H A .  
The close relationship between the DC63 oral 
strain and the prototype PG21 strain of M .  
hominis type 1 was demonstrated previously 
with hyperimmune rabbit sera by both CF 
(4) and growth inhibition (3) techniques. In 
the current study, the 2 mycoplasma strains 
were found to be closely related when tested 
by IHA using specific hyperimmune rabbit 
sera (Table 111). However, previous gel- 
diffusion studies with rabbit antisera indi- 

cated that the DC63 and PG21 strains of 
M .  hominis type 1 were closely related al- 
though not identical since the PG21 strain 
was deficient in an antigenic component which 
was prominent in the DC63 strain(4). The 
relationship of the 2 strains was further in- 
vestigated in IHA tests with paired sera from 
18 volunteers infected with the DC63 strain. 
All 18 volunteers developed a 4-fold or 
greater rise in IHA antibody to strain DC63 
within 3 to 4 weeks following inoculation, 
whereas only 9 of the volunteers developed 
a similar rise in IHA antibody to strain 
PG21 (see Table VI) .  The titer of the 
standard DC63 convalescent human serum 
(Pinckney) was &fold lower in the test with 
PG2 l-sensitized erythrocytes than in the test 
with the DC63-sensitized cells. However, it 
seems unlikely that the PG2 l-sensitized cells 
were deficient in antigen since the titers of 
3 of the DC63 volunteer convalescent sera 
were the same whether they were tested with 
PG21- or DC63-sensitized cells, and the 
PG2 1 -sensitized erythrocytes reacted to high 
titer with both PG21 and DC63 rabbit anti- 
sera (Table 111). The failure to detect as 
many antibody rises with the PG21 antigen 
is another reflection of a minor antigenic 
difference between mycoplasma strains PG2 1 
and DC63. This difference is more readily 
demonstrable with sera from infected volun- 
teers than with sera from hyperimmunized 
rabbits which develop broadIy reactive anti- 
bodies. 

Antibody to  M. hominis type 1 (strain 
DC63) in sera from persons of diflerent ages 
without respiratory illness as measured b y  
the ZHA and CF techniques. Two hundred 
and fifty-six sera from persons of different 
ages, ranging from 3 months to 60 years and 

TABTJE 111. Relationship Between DC63 and PG21 (Prototype) Strains of M .  Hominis Type 1 in IRA 
Tcsts with Rabbit Antisera. 

Reciprocal of serum titcr with sheep erythrocytes sensitized with indicated antigen 

M .  M .  M. M .  Rabbit M .  hominis Type 1 horninis prepared 
against Strain DC63 Strain P G 2 1  Type 2 salivarium fermpntans ornle pneumoniae 

M .  hominis 
Type 1 

Strain DCG3 10240 1280 80 - <10 < l o  40 ND+ 
” PG21 5120 10240 40 160 80 640 80 

Kot done. 
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TABLE IV. A Comparison of IHA and CF  Tests for Determination of Antibody to M .  
Hominis Type 1 in Sera from Children and Adults Without Respiratory Illness. 

~~ 

No. of persons with IHA. antibody titer (reciprocal) of CF antibody 
titer 

(reciprocal) < l o  10 20 40 80 160 320 640or> Totals 

107 11 18 33 27 17 16 10 239 
4 1 1 2 1 1  1 7 

<4 

8 1 1 1 1 4 
16 2 1 3 

Totals 109 1 3  20 35 30 18 18 10  253 

TABLE V. Protective Effect of IHA Antibody Against Experimentally Induced M. Hominis Type 1 
Illness. 

No. volunteers with following sign8 or symptoms 
Pharyngeal 

Reciprocal of No. No. with erythema or 
pre-challenge volunteers 4-f old or Exudative tonsillar Cervical Sore 

IHA titer in group greater rise pharyiigitis enlargement adenopathy Total throat 

20 19 13  3 11 16 7 
5-40 17 14  6 0 3 6 2 

80 or > 1 3  3 2 1 1 3 0 

<5 

cal adenopathy occurred significantly more 
frequently in volunteers free of pre-inocula- 
tion antibody than in volunteers with anti- 
body (pharyngitis: X2 = 8.4, 2 d.f., p = 
0.02; cervical adenopathy: X2 = 10.3, 2 d.f., 
p < 0.01). Tonsillar enlargement occurred 
too infrequently for statistical analysis but 
an analysis of the summation of signs at each 
antibody level indicated that they occurred 
significantly more frequently in the volun- 
teers without pre-inoculation antibody ( X2 
= 12.4, 2 d.f., p < 0.01). In addition, sore 
throat occurred significantly more frequently 
in volunteers without IHA antibody (X2 = 
7.2, 2 d.f., p = 0.03). Therefore, there is 
evidence of a protective effect of IHA anti- 
body, although this antibody does not afford 
complete protection since 2 of 13 volunteers 
with pre-inoculation IHA antibody levels of 
88 or greater developed pharyngitis. 

Specificity of I H A  antibody response in 
volunteers infected with mycoplasma strain 
DC63. Eight paired sera were obtained from 
volunteers in the NIH Clinical Center before 
and 18 days or 4 weeks after inoculation 
with the DC63 strain of M .  hominis type 1. 
Each of these paired sera showed a 4-fold 
or greater rise in IHA antibody to strain 
DC63 but no rises were detected in CF and 
immunofluorescence tests. When these sera 
were tested against sheep erythrocytes sensi- 

tized with M .  penumoniae antigen, no anti- 
body rises were detected except in one in- 
stance where there was a 16-fold rise. Ex- 
periments with M .  pneumoniae were taking 
place concurrently in other isolated volun- 
teers but this organism was not isolated from 
the volunteer inoculated with strain DC63. 
It is possible that the antibody rise was 
heterotypic since an antigenic relationship is 
known to exist between the human myco- 
plasma species (4) . This problem was investi- 
gated more fully with paired sera obtained 
before and 18 days to 4 weeks after inocula- 
tion of 18 volunteers a t  Lorton Reformatory 
with mycoplasma strain DC63. Each volun- 
teer had a 4-fold or greater homologous anti- 
body rise in IHA tests but no rise in CF 
tests. The paired sera were tested against 
sheep erythrocytes sensitized with antigens 
prepared from M .  horninis type 1 (prototype 
strain, PG21), M .  hominis type 2, M .  sali- 
varium, M .  fermentans, M .  orale and M .  
pneumoniae. The results are shown in Table 
VI. Antibody rises to the PG21 strain of M .  
horninis type 1 occurred in 9 instances. As 
indicated previously, the failure to demon- 
strate antibody rises with all of the paired 
sera probably reflects an antigenic difference 
between the PG21 and DC63 strains of M .  
hominis type 1 rather than an inability of 
the PG2 l-sensitized erythrocytes to react 
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4" -a 

0 

over, were tested for antibody to mycoplasma 
strain DC63 by IHA and CF. In the IHA 
test, 145 of the sera (57%) were found to 
contain antibody a t  a titer of 1: 10 or greater. 
Only one infant, 3 months old, of 18 infants 
below 2 years of age, had a detectable amount 
of antibody; this antibody was presumably 
maternal in origin. After the age of 5 years, 
an increasing proportion of sera contained 
IHA antibody and the geometric mean 
(G.M.) titer increased with age (Fig. 1). 
Thus, in the age group 15-19 years, 67% 
had antibody (G.M. 1:21) and in the age 
group 40-49 years, 97% possessed antibody 
(G.M. 1:145). In the CF test, only 14 ( 5 % )  
of 253 sera (3 were anticomplementary) con- 
tained CF antibody at  a titer of 1 :4 or greater 
(Table IV)  . These results demonstrate the 
much greater sensitivity of the IHA tech- 
nique compared to the CF technique for 
measurement of antibody to M .  horninis type 
1. Although statistical analysis of the data 
in Table I V  showed that there was some 
association between the presence of antibody 
as measured by IHA and as measured by CF 
(X2 = 3.85; p = O.OS), there was no cor- 
relation between the absolute titers of sera 
as determined by IHA and as determined by 
CF (Spearman rank correlation, 2-sided, r = 
0.341; p = 0.28). Thus, there is certainly 
no more than a suggestion that the IHA and 
CF tests measure the same type of antibody. 

One hundred and fourteen of 1 7 2  sera 
(66%), from volunteers aged 20  years and 
older, a t  Lorton Reformatory, contained IHA 
antibody at a titer of 1: 10 or greater. This 
finding was consistent with results obtained 
with sera collected from persons of different 
ages in Washington. 

Protective efiect of I H A  antibody against 
experimentally induced M. horninis t ype  1 
illness. Fifteen volunteers at the N I H  Clini- 
cal Center and 35 volunteers at Lorton Re- 
formatory were inoculated via the naso- 
pharynx with mycoplasma strain DC63. 
Table V is a summary of the data from these 
studies, the clinical features of which have 
been presented in detail (3 ) . The occurrence 
of exudative pharyngitis, cervical adenopathy 
and sore throat was found to be inversely 
related to the level of pre-inoculation IHA 
antibody. Thus, both pharyngitis and cervi- 
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TABLE VII. M. Hominis Type 1 (Strain DC63) IHA Antibody Titers i n  Serial Sera of 
Volunteors and Isolation of Strain I X 6 3  f rum Volunteers Inoculated with this Mycoplasma at 

Lorton Reformatory. 

f Reciprocal of DC63 I H A  antibody titer in sera obtained-----------7 

I At  indicated time after inoculation Volunteer Bcf ore 3 

No. inoculation 5 days 10  days 18  days 4 wks 5 wks 16 wks 

465’73 
133305 

94042 
82777 

131636 
125045 
85670 
96868 

116168 
136226 

94664 
93889 

< 5  
< 5  
< 5  

80 
< 5  

20 
< 5  
< 5  
< 5  
< 5  

<;: 

40(+) 80 160 40 t 

160(+) 160 
160(+) 320 
40(+) ;; 

160 
I;;!+) 

80 
160(+)  sot 
160 
160 80 

10 20 
160(+) 160 

* (+) = isolation of strain DCG3; strain not  isolated where not indicated. 
t Four-fold fall in serum titer coniwared with maximum titer. 
ND = not bled at time indicated. 

with antibody due to a failure of PG21 anti- 
gen to coat the erythrocyte surfaces. In 
marked contrast, tests with other mycoplasma 
antigens demonstrated heterotypic IHA anti- 
body rises with only one of the 18 paired 
sera; a 4-fold rise to M .  orale and a 16-fold 
rise to M .  pneumoniae. 

These results indicate the specificity of 
the IHA antibody response to mycoplasma 
strain DC63. I t  seems likely that the oc- 
currence of IHA antibody to other myco- 
plasma strains is generally not due to a 
heterotypic response to infection with M .  
horninis type 1. 

Speed of I H A  antibody response and per- 
sistence of antibody in volunteers infected 
with mycoplasma strain DC63. Serial serum 
specimens were obtained from 12 volunteers 
a t  Lorton Reformatory (Table VII ) .  All 
these volunteers had a 4-fold or greater rise 
in antibody to strain DC63. Sera were ob- 
tained from 4 volunteers 5 and 10 days after 
inoculation; an antibody rise was not de- 
tected with the sera taken at  5 days but a 
4-fold or greater rise was demonstrated with 
all the sera obtained a t  10 days. In 2 in- 
stances, the titer attained at  this time was 
not subsequently exceeded and only one of 
the 12 volunteers had a serum titer a t  18 
days which was subsequently exceeded. 

At 5 weeks after inoculation a 4-fold fall 
in antibody titer compared with the maxi- 
mum IHA antibody titer attained occurred 

in only one instance. A 4-fold fall in titer 
16 weeks after inoculation occurred in only 
3 instances. In 8 volunteers the antibody 
titer remained the same or there was a 2-fold 
fall or rise. In one instance, there was a 
4-fold antibody rise at  16 weeks. The per- 
sistence of IHA antibody could not definitely 
be associated with persistent excretion of 
mycoplasma strain DC63 from the throat. 
The mycoplasma was isolated from volun- 
teer K125045 for not more than 4 weeks 
after inoculation and from volunteer #136226 
for no longer than 14 days after inoculation 
and yet the IHA antibody titers were main- 
tained for a t  least 16 weeks. I t  was note- 
worthy, however, that the mycoplasma was 
not isolated at  16 weeks from the 3 volun- 
teers who had a 4-fold antibody fall at this 
time. 

Discussion. Several serological techniques 
have been described for the measurement of 
antibody to M .  hominis type 1 in human 
sera. Each of these techniques may measure 
a different type of antibody and not all are 
equally sensitive indicators of the presence 
of antibody. Gel diffusion and growth inhibi- 
tion are insensitive for measuring antibody in 
human sera. The immunofluorescence tech- 
nique, likewise, is rather insensitive and also 
laborious. The method most widely used has 
been complement fixation. Stokes( 10) dem- 
onstrated antibody rises to M. honzinis type 1 
in 2 patients with puerperal sepsis, one with 
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pyosalpingitis and one with postoperative em- 
pyema, but no antibody in 171 “control” 
sera obtained from a variety of sources. 
Melkn and Gotthardson( 11) found CF anti- 
body in the sera of 28% of gynaecological 
patients but in only 9% of “normal” per- 
sons; the mycoplasma strain used by these 
workers was presumably M .  hominis type 1.  
Card( 12) found the highest incidence of anti- 
bodies (34%) in patients attending venereal 
disease clinics and the lowest incidence ( 2  70) 
in children and blood donors. Oates et a1 
(13), on the other hand, found a higher 
incidence (14%) in male blood donors. 
Lemcke and Csonka( 14) were able to demon- 
strate that 51% of persons with salpingitis 
had CF antibody for M .  hominis type 1 
whereas only 470 of control subjects had such 
anti body. 

Indirect hemagglutination for the myco- 
plasma group of organisms has been de- 
scribed by Tully( 15), and by Dowdle and 
Robinson ( 16) who demonstrated antibody 
rises to M .  pneumuniae in persons infected 
with this organism. We have used this tech- 
nique for measurement of antibody to all 
the prototype human mycoplasma strains ( 7 ) .  
A major factor in maintaining reproducibility 
of the test has been the ability to store a 
large amount of sensitized sheep erythrocytes 
in small aliquots in the frozen state, permit- 
ting such aliquots of material to be thawed 
and used as desired. This procedure not only 
ensures reproducibility from one test to an- 
other, so that results may be compared, but 
also eliminates the laborious procedure of 
tanning and sensitizing erythrocytes imme- 
diately prior to each test. 

The conclusion that the IHA technique is 
more sensitive than the CF technique is based 
upon several observations. First, in IHA 
tests, 57% of sera from persons without res- 
piratory illness contained antibody whereas 
only 5 %  of the same sera contained antibody 
detectable by CF; this low incidence of CF 
antibody is in general agreement with the 
findings of others, cited previously, who have 
studied sera from “normal” persons. Second, 
various levels of antibody were detected by 
IHA in 30 of 50 volunteers prior to inocula- 
tion with M .  hominis type 1, but antibody 
was not detected by CF, nor by immuno- 

fluorescence. Thirty-six of the volunteers de- 
veloped a 4-fold or greater rise in antibody 
to M .  haminis type 1 as measured by IHA 
but no rises were observed by CF or by 
immunofluorescence, again indicating that the 
IHA test was the most sensitive of the sero- 
logical methods used. There was only a sug- 
gestion that the IHA and CF techniques 
measure the same antibody, the data being 
insufficient to establish a definite conclusion ; 
for this, it would be necessary to examine 
many more sera by both techniques in order 
to obtain, in particular, sera that were posi- 
tive in the CF test. 

Examination of serial sera obtained from 
some of the volunteers showed that they de- 
veloped high IHA antibody titers within 10 
days of inoculation of mycoplasma strain 
DC63 and, in general, this antibody per- 
sisted for at least 16 weeks after inoculation. 
I t  is interesting that in many instances myco- 
plasma excretion continued for several weeks 
even in the presence of high levels of anti- 
body. However, the data were insufficient 
to attribute the persistence of antibody to 
continued mycoplasma excretion. 

The specificity of the IHA antibody re- 
sponse developed by the volunteers was indi- 
cated by the fact that heterotypic responses 
to sheep erythrocytes sensitized with antigens 
from the other human mycoplasmas were 
rare. This specificity of response is supported 
by studies with hyperimmune rabbit sera in 
which the IHA test has proved to be more 
specific than the CF test(7). 

The occurrence of pharyngitis, cervical 
adenopathy and sore throat in volunteers 
inoculated with mycoplasma strain DC63 was 
found to be inversely related to the level of 
pre-inoculation IHA antibody, which indi- 
cates the protective effect of antibody meas- 
ured by the IHA technique. In several myxo- 
virus and rhinovirus diseases in which res- 
piratory mucosal epithelium is involved, a 
high level of serum neutralizing antibody 
does not always afford complete protection 
(17, 5, 18);  in part, this may be due to the 
superficial, rather than the systemic nature 
of the infections. Similarly, IHA antibody 
does not afford complete protection since 2 
volunteers with high pre-inoculation antibody 
titers developed pharyngi tis. Another pos- 
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sible explanation for this incomplete protec- 
tion is that the IHA test presumably meas- 
ures not only protective antibody but also 
antibodies to other components of the myco- 
plasma organism since sheep erythrocytes are 
coated with antigens from sonically disrupted 
mycoplasma organisms. On the other hand, 
it is possible that tanned sheep erythrocytes 
selectively adsorb certain antigens onto their 
surfaces; this would account for the speci- 
ficity of the IHA technique in comparison 
with CF in which the antigen is likely to 
contain all the antigenic components of the 
mycoplasma. I t  may be possible to increase 
further the specificity of the IHA technique 
by coating tanned erythrocytes with purified 
mycoplasma antigens. 

In experimental infections with M .  horninis 
type 1, the IHA technique has been invalu- 
able, since only by this method has it been 
possible to select antibody-free susceptible 
volunteers and measure antibody responses 
of those infected. Because of its sensitivity 
and specificity, it seems clear that the IHA 
technique may be a valuable tool in study- 
ing, not only experimental infections by other 
human mycoplasma species, but also natural 
mycoplasma infections. 

Summary. Tanned sheep erythrocytes, 
sensitized with M .  horninis type 1 antigen, 
were stored in aliquots at  -70°C and used 
in IHA tests over a period of 3 months. 
This procedure maintained reproducibility. 
Fifty-seven per cent of sera from healthy 
persons of all ages contained antibody when 
tested by IHA but only 5 %  contained anti- 
body when tested by CF, indicating the 
greater sensitivity of the IHA technique. 
There was an inverse relationship between 
the presence of IHA antibody in the sera 
of volunteers before inoculation with the 
DC63 strain of M .  hominis type 1 and the 
occurrence of illness, indicating the protec- 
tive effect of this antibody. Most volunteers 
without antibody prior to inoculation de- 
veloped an illness and a 4-fold or greater 
rise in antibody as measured by IHA; no 
rises were demonstrated by CF. Tests on 
serial sera obtained from some volunteers 
indicated that 4-fold or greater antibody rises 
developed 10 days after inoculation and in 
some instances the antibody persisted for at  

least 16 weeks. The greater sensitivity of the 
IHA technique was not accompanied by a 
loss of specificity, since only one of 18 volun- 
teers with a 4-fold or greater rise to the 
DC63 strain developed a 4-fold rise to an- 
other mycoplasma species. Only 9 of these 
volunteers developed a 4-fold rise to the 
PG21 prototype strain of M .  hominis type 1 
which was probably due to a minor antigenic 
difference between the DC63 and PG21 
strains. The IHA technique may be valuable 
in studying, not only experimental infections 
by other mycoplasma species, but also natural 
mycoplasma infections. 

We thank Akira Shirai and Patricia Henry for 
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Solubiliaation by Butanol of Rabbit Cell-Antigens Associated with 
the Rejection of Transferred Lymph Node Cells. (30050) 

T. N. HARRIS 
Department of Pediatrics, Children’s Hospital o f  Philadelphia, University o f  Pennsylvania, and 

Section of Chemical Immunology,  Weizmann Institute of Science, Rehovoth,  Israel 

When rabbit lymph node cells are incu- 
bated in vitro with Shigella 0 antigen, washed 
and transferred to X-irradiated rabbits, ag- 
glutinins to Shigella appear subsequently in 
the sera of the recipient animals ( 1) .  Produc- 
tion of the antibody by the transferred cells 
can be prevented by prior injection of the 
prospective recipients with pooled rabbit leu- 
cocytes(2); or by incubation of the lymph 
node cells with rabbit anti-rabbit-leucocyte 
serum(3). Among the data indicating that 
the substance in the rabbit anti-rabbit-leuco- 
cyte serum causing suppression of transferred 
lymph node cells is an antibody was the ob- 
servation that the suppressive antibody could 
be absorbed out of such sera by suspensions 
of whole lymph node cells. In further work, 
directed at  purification and characterization 
of this antibody, it was found that it could 
also be absorbed from such suppressive sera 
by fragments of lymph node cells(4), pre- 
pared by differential centrifugation of sus- 
pensions of disrupted cells or of wash fluids 
of lymph node cells(5), and that from the 
cell- f ragmen t-an tibody complexes thus ob- 
tained the antibody could be eluted(4). 

The availability of a specifically purified 
antibody which causes rejection of allogeneic 
transferred cells, and of a cell-fragment bear- 
ing the rejection-associated antigen, sug- 
gested studies on the solubilization of this 
antigen, in which the suppressive antibody 
would be used for detection of solubilized 
antigen. The extraction of such antigens by 
the use of Triton and snake venom phos- 
pholipase, based on a method described by 
Kandutsch and Stimpfling( 6) for solubiliza- 
tion of mouse sarcoma antigens, has been re- 

. 
ported elsewhere(7). A report is given here 
of the solubilization by butanol of rejection- 
associated antigens from cell fragments of 
normal rabbit liver or from Triton extracts 
of fragments of normal rabbit lymph node 
cells. 

Materials and methods. Cells were pre- 
pared from lymph nodes and spleens of rab- 
bits, and cell fragments were prepared from 
suspensions of these cells, as described else- 
where ( 5 ) .  For transfer of lymph node cells, 
cells prepared from popliteal and axillary 
nodes of 8 to 10 rabbits were washed, incu- 
bated at  37°C for 30 minutes with a Shigella- 
trypsin filtrate containing approximately 
l F 4  mg of solute per ml, washed again, and 
finally transferred in units of 2 X los to 
irradiated recipients, as described elsewhere 
(1).  For preparation of rabbit anti-rabbit- 
leucocyte serum, rabbits were given 2 injec- 
tions, a t  5-week intervals, of 1.5 X los 
washed blood leucocytes pooled from 40 to 
50 rabbits. The rabbits were bled 3 times 
between the 7th and 12th day after the injec- 
tion, and the sera pooled. 

Results and discussion. 1. Spontaneous re- 
lease of soluble antigen from normal rabbit 
liver celZ fragments. In an earlier study(4) 
cell fragments obtained by differential centri- 
fugation of sonically disrupted lymph node 
cells had been found to react serologically 
with suppressive rabbit anti-rabbit-leucocyte 
sera and to absorb from such sera their effect 
of suppressing antibody formation by trans- 
ferred lymph node cells. In  the present study 
cell fragments of approximately similar cen- 
trifugal properties were obtained from rabbit 
liver cells as follows: Livers of normal rabbits 


