
316 HEMAGGLUTINATION TEST FOR RHEUMATOID ARTHRITIS 

TABLE I. 
Effective Amounts of Converter Fraction. 

2-stage tcsts 
8 \ 3-stage tests 

Accelerate prothrombin I \ 

Activate half of protlirombin activation in presence Accelerate conversion of 
of aged fraction ‘ ‘ A ’ ’ crude prothrombokinase in 40 min. 

2/11 dilution 
~~ ~ 

1/1,000 dilution 1/45,000 dilution 
1 pg protein-N/ml 0.02 pg protein-N/ml 

Figures refer t o  final dilution or concentration in the respective activation mixtures. A 
concentration of 0.02 pg protein-N per ml prothrombokinase mixture becomes 0.002 pg per ml 
when the mixture is  diluted tenfold in prothrombin. The tests were performed as previously 
described.l.2 

Previous comparison1 of prothromdbokinase 
to Factor V was based on Owren’s tentative 
concept of V as the precursor of VIi3 If his 
V preparation did not so function, the com- 
parison does not apply to it. Crude prothrom- 
bokinase “may contain an activator complex 
with more than one significant component.”l 
More than one transformation m y  occur in 
the complex. 

Although the converter fraction is highly 
active, it may be far from pure, chemically. 

~~ 

3 Owren, P. A., Acta Me& Sccind., 1947, suppl. 

4 Milstone, J. H., J. Gen. Pliyxiol., 1942, 25, 679. 
194. 

I t  may represent a thrombolkinase which acti- 
vates not only prothrombin, but also pro- 
thrombokinase. Several years ago: it was 
reported that concentrated prothrombin 
changed\ to thrombin in the absence of ionic 
calcium, without addition of activators; and 
the possibility was left open that a contamin- 
ant was responsible. The possibility must be 
entertained that the converter contaminates 
highly purified clotting preparations, am3 
might be responsible for certain effects oc- 
casionally attributed to prothrombin or throm- 
bin. 
Received August 9, 1949. P.S.E.B.M., 1949, 72. 
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A diagnostic test for rheumatoid arthritis 
based uponl the agglutination of sheep eryth- 
rocytes h,as been recently reported by Rose, 
Ragan, Pearce and Lipman.l Serum from 
patients with rheumatoid arthritis agglutin- 
ates sheep #erythrocytes sensitized with sheep 

* Published with the permission of tlic Chief 
Medical Director, Department of Medicine and 
Surgery, Veterans Administration, who assumes no 
responsibility for  the opiiiioiis expressed or tlie 
conclusions drawn by the authors. 

IRose, H. M.: Ragan, C., Pcurcc, E., and IJp- 
man, hf. o., PROC. SOC. EXP.  BIOL. AND MED., 1948, 
68, 1. 

cell hemolysin to a titer at least I6 fold higher 
thcan that obtained with normal sheep cells. 
These are expressed as a differential titer 

titer with sensitized cells 

(- -.) The test has been 
titer with normal cells 

confirmed but may be of limited value for 
diagnostic p~rposes.2;~ In the prform>ance 
of the test as described by Rose, et aZ.; we 

2 Xulkin, S. E., Pike, R. M., and Coggeshall, 
11. C!., PROC. Soc. En. BIOL. AND MED., 1949, 70, 
47.3. 

3 Jawitz, E., and Hook, E. V., PROC. SOC. Em. 
BIOL. AND MED., 1949, 70, 650. 
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have found that the factor in the serum re- 
sponsible for the agglutination of normal 
sheep erythrocytes was present in the sera 
of both normal and rheumatoid arthritic in- 
dividuals. This normal agglutinin is a. vari- 
able factor and is independent of the capacity 
of the sera of patients with rheumatoid 
arthritis to agglutinate sensitized cells. I t  can 
be selectively absorbed without significantly 
influencing the titer against sensitized sheep 
cells. The ,titer thus obtained reflects the 
concentration of the factor associated with 
rheumatoid arthritis. At the same time the 
need for expressing the results of the test as 
a differential titer is eliminated. Based upon 
an absorption technic, a modification of the 
original test is herein described. A compari- 
son of the results of the test as modified by 
us, the test as originally described by Rose, 
et aZ.,z and the streptococcus agglutination 
test is presented.4+ 

Method and procedure. 1. Preparation of 
Normal Sheep Erythocytes. One volume of 
sheep lblood is mixed with 1.2 volumes of 
Alsever solution. Sufficient formaldehyde is 
added a t  collection to make a find concentra- 
tion of 0.2%. This mixture stored at 4-6°C 
will usually last 4 to 6 weeks. The blood- 
Alsever mixture should be kept in the re- 
frigerator for 2-3 days before use. The cells 
are washed 3 times in a graduated centrifuge 
tube with saline, centrifuging at  2000 rpm 
for 15 minutes between each washing. The 
supemtant of the last washing must be water 
clear. The packed cells are used for absorp- 
tion. A 270 suspension in saline is also pre- 
pared from packed cells. Part of this is 
further diluted with saline to make a 1% 
suspension for use in the test. 

Preparation of Sensitized Sheep Erythro- 
cytes. Rabbit anti-sheep-vthrocyte hemoly- 
sin is prepared in concentrations of 1 :4000 ( 2  
units per a) determined by the complement- 
fixation technic.l TQ the 2% suspension of 

4 Cecil, R. L., Nicholls, E. E,, and Stainsby, 
W. J., Arch. Int. Me&., 1929, 43, 571. 

5 Cecil, R. L., Nicholls, E. E., and Stainsby, 
W. J., Anna. J .  Mea.  Sc., 1931, 181, 12. 

eLipman, M. O., Laboratory of the Edward 
Daniels Faulkner Arthritis Clinic, Presbyterian 
Hospital, New York, personal communication. 

erythrocytes as described above an equal 
volume of a 1 : 4000 dilution of amboceptor is 
added. The solution should be allowed ;to 
stand for at least 10 minutes before use. 

Treatment of patient's serum. Clear serum 
is obtained from clotted blood and inactivated 
at  56°C for one-half hour. Serum may be 
stored in a deep freeze at  -20°C for at least 
5 months without significant loss of potency? 
For absorption, 4 volumes of serum are mixed 
with 1 volume of packed sheep erythrocytes 
and allowed to remain at  rmm temperature 
for 40 minutes with gentle shaking a t  inter- 
vals. The mixture is centrifuged and the 
clear serum is decanted into an additional 
volume of packed cells for another 40-minute 
incubation period at  room temperature. The 
mixture is again centrifuged and the clear 
serum is used1 for the test. Two absorptions 
have been adequate to eliminate the normal 
agglutinating factor for nor-ma1 sheep cells. 
Additional absorptive treatment is necessary 
in cases where the heterophile antibody asso- 
dated with infectious mononucleosis is present. 
For this purpose, a 20% boiled ox erythro- 
cyte suspensions is centrifuged and the super- 
natant fluid discarded. Four volumes of the 
serum is mixed with one volume of the packed 
sediment, incubated at  37°C for 1 hour, cen- 
trifuged, and the serum removed. 

Procedure. TWQ series of two-fold dilu- 
ations of absorbed serum are made in 0.5 ml 
volumes of normal saline. In the first series, 
consisting of three tubes, the serum dilutions 
range from 1 :3.5 to 1: 14. To this series is 
added an equal volume (0.5 ml) of 1 % normal 
sheep cells; the final dilution range is thus 
1 : 7 to 1 : 28. The second series, consisting of 10 
tubes, is similarly diluted (1:3.5 to 1: 1792). 
To this series, 1% sensitized sheep cells are 
added in 0.5 ml volume, thus making the 
final dilutions 1 : 7, etc. The tubes are shaken 
to make a homogeneous suspension of the 
cells, and incubated in a water bath at 37°C 
for one hour. The tubes are then refrigerated 
overnight. Readings are made after gmatle 

7 Unpublished data. 
8 Kolmer, J. A., and Boerner, F., Approved Lab- 

oratory Technic, D. Appleton-Century Go., N. Y., 
4th ed., 1945, p. 644. 
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TABLE I. 
Comyarisoii of Agglutination Titers Obtained with Unabsorbed and Absorbed Sera from Representa- 

tive Cases. 

Rose test Modified test 
f \ c  \ 

Unabsorbed seruin + Differential Absorbed serum + 
Diagnosis Sormal RBC Sensitized RBC titer Normal RBC Sensitized RBC 

Active peripheral 
rlieuma t oid artli- 
ritis (5  cases) 

Rheumatoid spondy- 
litis with active 
peripheral joint 
involveineiit (4 
cases) 

Rheumatoid spondy- 
litis without 
peripheral ;i oin t 
involvement (3 
cases) 

Psoriatic arthritis 
( 2  cases) 

Cirrhosis of liver 

Hyperglobulinemi:~ 
(2 cases) 

Brucellosis 

Duodenal ulcer 

Gout 

Osteoart,hritis 

Rheumatic 
polparthrit is 

56 
56 
0 
14 
56 

112 
0 
14 
0 

7 
14 
28 

14 
7 

56 

14 
28 

7 

0 

14 

7 

28 

896 
1792 
448 
112 
448 

224 
896 
1792 
896 

7 
28 
56 

14 
14 

112 

14 
56 

14 

14 

28 

28 

28 

16 
32 
448 
8 
8 

2 
896 
128 
896 

1 
2 
2 

1 
2 

2 

1 
2 

2 

14 

2 

4 

1 

0 
0 
0 
0 
0 

0 
0 
0 
0 

0 
0 
0 

0 
0 

0 

0 
0 

0 

0 

0 

0 

0 

896 
1792 
224 
224 
448 

112 
1792 
896 
1792 

0 
0 
0 

0 
0 

0 

0 
0 

0 

0 

0 

0 

0 

R-BC refers to sheep red blood cells. 

shaking. For simplicity, 3 values are used: 
complete agglutination, partial agglutination, 
and no agglutination perceptible to the naked 
eye. The teest is valid only if no agglutination 
is observed in the tubes containing the normal 
cells, thereby indicating complete absorption 
of thle normal sheep cell agglutinin. Both the 
Rose test and the modified test were run con- 
currently; the same reagents were always used 
for both tests. The Rose test was performed 
as describedl except that the serial dilutions 
were the same as those used in our modified 
test. The streptococcus agglutination test was 
also performed as described by Lipman.6 

Reszdlts. Agglutinins for normal sheep 
erythrocytes (Forssman antibody) may be 

found in the sera of normal individuals as well 
as in those with rheumatoid arthritis. In, our 
studies, it was found that sera obtained at 
intervals from the same patient showed varia- 
tions in 8th normal agglutinin titer? It is 
not yet clear whether these variations reflect 
a fluctuating agglutinin content or are asso- 
ciated with the varying agglutinability of dif- 
ferent batches of sheep erythrocytes. Table I 
demonstrates that this normal agglutinin can 
be completely absorbed with normal sheep 
cells. As a result of this procedure, only the 
sera from patients with active peripheral rheu- 
matoid arthritis retained the capacity to ag- 
glutinate sensitized cells. The sera from 
patients with diseases other than rheumatoid 
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TABLE I1. 
Differential Absorption of the Heterophile Factor from Serum of Patients with Infectious Mononucleo- 

sis and Patients with Rheumatoid Arthritis. 

Titer of serum Titer of serum 

+ ma1 sheep cells + and ox cells + 

Dia gncsis RBC RBC tial titer RBC RBC RBC RBC 

Titer of unabsorbed serum absorbed with nor- absorbed with sheep 

Normal Sensitized Diff wen- Normal Sensitized Normal Sensitized 
,r \ J  > z  \ 

1. Infectious 
mononucleosis 896 1792 2 112 448 0 0 

2. Rheumatoid 
arthritis 14 448 32 0 448 0 448 

3. Mixture of 
equal vol. of 
No. 1 and 2 448 896 2 224 896 0 224 

mononucleosis 896 896 1 112 448 0 0 
4. Infectious 

5. Rheumatoid 

6. Mixture of 
arthritis 28 3584 128 0 1792 0 1792 

equal vol. of 
No. 4 and 5 448 896 2 112 1792 0 1792 
RBC refers to sheep red blood cells. 

arthritis (control group) gave no significant 
agglutination. Removal of the normal (non- 
specific) factor by absorption did not materi- 
ally affect the titer of the factor associated 
with rheumatoid arthritis. The sera from 
cases of infectious mononucleosis could nat be 
completely absorbed by the routine method 
described. The heterophile antibody con- 
tinued .to give a positive titer with normal 
sheep cells after absorption of the sera with 
sheep erythrocytes. However, additional ab- 
sorption of the sera with boiled ox cells re- 
sulted in complete absorption of the hetero- 
phile factor. In cases of active periphera1 
rheumatoid arthritis, such multiple absorp- 
tions did not affect the final titer. Mixtures 
of sera from cases of rheumatoid arthritis and 
cases of infectious mononucleosis, when treat- 
ed Iby this method and allowing for dilutions, 
retained only the titer of the rheumatoid 
arthritis factor (Table 11). 

Table I11 shows the distribution of agglu- 
tination titers using the modified test in 166 
cases. Only cases with active peripheral rheu- 
matoid arthritis (with the exception of 2 cases 
of infectious hepatitis) gave titers of 1:28 or 
higher with complete agglutimtion in the 
first 2 dilutions. For this reasun, this value 
is considered to be the lower limit of a posi- 

cases (90%) of active peripheral rheumatoid 
arthritis (8  of which also had spondylitis) 
gave positive vaIues ranging from 1:28 to 
1:3584. All 39 were unequivocal cases of 
active peripheral rheumatoid arthritis with 
x-ray evidence of small joint involvement. 
Negative reactions were obtained with the 
sera of a11 cases of inactive+ peripheral rheu- 
matoid arthritis, rheumatoid spondylitis with- 
out peripheral joint involvement or with iIt 
active peripheral joint involvement, and in 
all cases of psoriatic arthritis. A group of 13 
cases of arthritis in which the clinical course 
was not inconsistent with the picture of early 
peripheral rheumatoid arthritis but in which 
x-rays showed no evidence of joint involve- 
ment were all negative. All other forms of 
arthritis, non-rheumatoid in type) and the 
non-arthritic controls were negative. Ten cases 
of infectious hepatitis were tested. No deter- 
mination could be #made in one of these cases 
by our method because complete absorption 
could not be obtained. After repeated ab- 
sorptions (10 times), the titer agaimt unsen- 
sitized cells remained 1:28. In two other 
cases the titers were positive (TabJe 111). 

tive reaction. Using this criterion, 35 of 39 

t A case mas considered inactive if the patient 
was clinically in  symptomatic remission with ab- 
sence of swelling, pain and tenderness of involved 
ioints and with the sedimentation rate normal. 
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TABLE 111. 
Distribution of Cases According to Agglutination Titer, Using the Modified Test. 

Agglutination titer 
s o .  of 7-7 t 

Diagnosis cases I )  I 14 28 56 113 224 448 896 1792 3584 

Actire peripheral 
rlieuniatoid arthritis 
Without spondylitis 
With spoiidplitis 

Peripheral rheumatoid 
arthritis of question- 
able activity (1) 

Inactive peripheral 
rheumatoid arthritis 

Rheumatoid sp ondyli t i s 
without peripheral 
joint involvement 

R.heuma t oid spondylitis 
with inactive periph- 
eral joint involvement 

Psoriatic arthritis 
Arthritis, type unde- 

termined, possibly 
rheumatoid ( 2 )  

Other arthropatliies (3 ,) 
Non-arthritic controls 

except infectious 
hepatitis (4) 

Infectious hepatitis 

31 
8 
7 

8 

15 

7 

9 
13 

30 
28 

1 2 ( a ) 2  3 4 8 5 5 1 
2 2 1 1 2  
3 2 l ( b )  1 

.j 1 1 l ( b )  

12 1 2 

5 2  

6 1 2  
10 2 1 

97 2 1 
23 3 1 l ( b )  

3 2 2 1  1 

(1) Definitive erahation of activity could not be made on the basis of clinical impression and lab- 

(2)  Clinical course was not inconsistent with early rheumatoid arthritis, but x-ray studies showed 

(3) These include 10 cases of rheumatic polyarthritis, 7 cases of gout, 2 cases of osteoarthritis, anif 

(4) Among these are included 3 cases of hypergl-obulinemia and 4 cases of infectious mononucleosis, 
(a)  One of these is considered negative because the results showed incomplete agglutination in first 

(b)  Negative because of incomplete agglutination in first two tubes. 
(c) Determination of titer in 1 case of infectious hepatitis could not be made because of incom- 

oratory data. 

no changea in affected joints. 

11 cases of arthritis following a variety of infection. 

two tubes. r,  
plete absorption of the non-specific factor by the standard technic. 

Table IV presents a summary of the results 
obtained with the sera of 166 patients by the 
modified test, the original Rose technic, and 
the streptocuccus agglutination test. In  the 
group of 39 patients with active peripheral 
rheumatoid arthritis of varying severity and 
duration, eight of whom also had spondylitis, 
the modified test gave a significantly higher 
percentage of positive reactions than either 
of the other two tests. Both the modified and 

be made were negative to a11 3 tests mpIoyed. 
In all other arthropathies, including osteo- 
arthritis, rheumatic polyarthritis, gout, etc., 
the modified test and the Rose test were con- 
sistently negative. This was also true of *the 
non-arthritic controls with the exception. of 
infectious hepatitis in which two were positive 
by our test but negative by the Rose test. 

Table V presents the findings in the 11 
cases of active peripheral rheumatoid arthritis 

the Rose tests were consistently negative in 
inactive peripheral rheumatoid arthritis, a d v e  
or inactive spondylitis without peripheral joint 
involvement, and in psoriatic arthritis. In 
these groups, the streptococcus agglutination 
test, however, was found on several occasions 
to be positive. The group of 13 cases of 
arthritis in which no definitive diagnosis could 

in which the Rw-tes t  was negative whereas 
the modified It& was positive. It is to be 
noted that in each case the titer against the 
sensitized deep  red cells was significantly 
elevated but the differential titer in the Rose 
test fell below 16 because of the presence of 
a relatively high non-specific agglutinin titer. 
This non-specific factor was removed in the 
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TABLE IV. 
Summary of Results Comparing Tests Employed. 

Modified test Rose test Streptococcus 
(1) (2)  agglutination 

Diagnosis cases Pos. Neg. Pos. Neg. Pos. Neg. 
N o . o ~  (-3 Y 

Active peripheral rheumatoid 
arthritis 

Without spondy litis 31 
With spond ylit is 8 
Total 39 
% (100) 

Peripheral rheumatoid 7 
arthritis-questionable 
activity 

Inactive peripheral 8 
rheumatoid arthritis 

Rheumatoid spondylitis 15 
without peripheral 
joint involvement 

with inactive peripheral 
rheumatoid arthritis 

Rheumatoid spondylitis 7 

Psoriatic arthritis 9 

Arthritis, type undeter- 13 
mined, possibly early 
rheumatoid arthritis 

Other arthropatliies (3)  30 

Non-arthritic controls 28 
except infectious 
hepatitis (4)  

Infectious hepatitis 9 

29 
6 

35 
(90) 

1 

0 

0 

0 

0 

0 

0 

0 

2 

2 
2 
4 

(10) 

6 

8 

15 

7 

9 

13 

30 

28 

7 

21 
3 

24 
(61) 

1 

0 

0 

0 

0 

0 

0 

0 

0 

10 
5 

15 
(39) 

6 

8 

15 

7 

9 

13 

30 

28 

9 

18 13 
5 3 

23 16 
(58) (42) 

2 5 

2 6 

3 12 

0 7 

1 8 

0 13 

2 28 

Not done 

1 8 

(1) A titer of 28 or higher with complete agglutination in first 2 tubes is considered positive. 
(2) A differential titer of 16 or greater is considered positive. 
(3) See Note No. 3-Table 111. 
(4) See Note No. &Table 111. 

modified test, and the resulting titer was ps i -  
ltive in each case. No sera were encountered 
in which the Rose test was positive and our 
modified test negative. It is of interest that 
in the 4 cases of active peripheral rheumatoid 
arthritis which were negative by our test, 
bath the Rose and the streptmwcus agglutin- 
ation tests were also negative. 

Discussion. The agglutination of unsensi- 
tized sheep cells by human sera is due to a 
Forssman antibody (natural amboceptor) .9 

This antibody may be present in varying con- 
QKabat, E. A., and Mayer, M. M., Experimental 

Immuno-chemistry, Charles C. Thomas, Spring- 
field, Ill., 1948, p. 135. 

centrations or may occasionally ,be absent. It 
is not related to the hemagglutinin associated 
with active rheumatoid arthritis nor is it 
necessary for the reaotion with sensitized cells. 
The factor in the sera of patients with rheu- 
matoid ad r i t i s  responsible for the agglutina- 
tion of sensitized sheep celJs behaves like an 
antibody. Th,is is suggested by its reaction 
in selective absorption studies and its identity 
as part of the beta-gamma globulin comp1ex.l 
Our results indicate that this substance is 
different serologically from the natural ambo- 
ceptor of human serum as well as from the 
heterophile antibody of infectious monnu- 
cle~sis.~ Evidence of its specificity is found 
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TABLE V. 
Comparntiye Results in Those Cases (if' -1ctjye Rhruni:~ toid Arthritis in TVliich the Rose Test: 

Was Segatiye aiicl the Xodifiecl Test Positive. 

Rose' test 
v - 

Sol.nl:ll Sensitized Differential Modified test 
Diagnosis RBC RRC titer titer 

_ _  ~~ 

Active peripheral rheum at o id 
arthritis (8 cases) 

Active perilheral r1ieuw:i toid 
arthritis with spondylitis 
(3  cases) 

____ . . . . 

RBC refers to sliccp rtd bloorl cells. 

112 
5 (i 
3; 

224 
224 
112 
448 
112 

28 
224 

.5 Ci 

in the fact that it is present in a high per- 
centage of proven cases of rheumatoid arthritis 
and cannot be demonstrated in any of the 
other arthritides or in a wide variety of un- 
related medical controls. The occurrence of 
positive reactions in 2 cases of infectious he- 
patitis, both in low titer, may be due to the 
presence of altered globulins or unabsorbed 
antibodies associated with this disease. The 
Concentration of rabbit anti-sheep amboceptor 
used in our test is based on its titer as deter- 
mined by compl.ement-fixation.l Our experi- 
ence has shown that varying the concentration 
within critical limits will produce false reac- 
tions.' We believe the present method of 
daetermining the sensitizing unit of ambocep- 
tor is unsatisfactory. Standardization of the 
sensitizing unit should be based on the ca- 
pacity of a particular pool of amboceptor to 
agglutinate a particular suspension of sheep 
cells rather than on its lytic capacity. Further 
studies on standardization along these lines are 
being pursued. 

Natural amboceptor in human sera can con- 
tribute to the further sensitization of cells 
thereby increasing their agglutinability. When 
the rheumatoid arthritis hemagglutinin is 
present in high titer, the amount of naturally 
occurring amboceptor is not of practical sig- 
nificance because of dilution. For this reason 
there is m essential difference in the titer 
obtained by absorbed and unabsorbed sera 
against sensitized cells (Table I ) .  However, 

4 
8 
4 
8 
2 
8 
8 
8 

4 
2 
2 
~ - - -  

56 
28 
28 

224 
56 

224 
448 
448 

28 
112 

28 

when the rheumatoid arthritis hemagglutinin is 
of relatively low titer, the normal ambocep- 
tor in the unabsorbed serum exerts an addi- 
tive effect with the rabbit anti-sheep ambocep- 
tor. In this event, there is relatively little 
dilution and the titer may then be higher than 
that obtained by absorbed serum (Table V) . 
Based upon our data, a titer of 1:28 with 
complete agglutination. in the first two ltubes 
can be considered positive. Thus far, we have 
found that the concentration of the rheuma- 
toid arthritis factor does not necessarily cor- 
relate with clinical severity of the disease. 
On the other hand, in no case of inactive 
disease was a positive titer obtained. A seri- 
ous limitation of the test as a diagnostic tool 
is that imt appears to become positive only when 
x-rays begin to show the joint changes charac- 
teristic of rheumatoid arthritis. In  the group 
classified as arthritis of unknown type in 
which the course was not inconsistent with 
rheumatoid arthritis but where no x-ray 
changes characteristic of the disease were 
present, the test was negative. It will be 
noted that the streptococcus agglutination test 
and the Rose test were also negative in all of 
these cases. 

If the hemagglutinin associated with rheu- 
matoid arthritis is indeed an antibody, investi- 
gation is required to determine whether this 
antibody is the result of immunization by an 
etiological agent or whether it is analogous 
to the non-specific antibody of the mmple- 
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ment-fixation reaction which is almost always 
associated with syphilis. If it is a specific 
antibody, its absence in all cases of active 
rhtezlmatoid spondylitis *thout peripheral 
joint involvement and in psoriatic arthritis is 
suggestive of different etiologies. The modi- 
fied test, by eliminating the natural ambo- 
ceptur and ‘by more closely reflecting she titer 
of the rheumatoid arthritis factor, is more 
sensitive than the original hemagglutination 
test. A comparison of the 3 tests employed 
indicates that a significantly higher incidence 
of positive reactions can be obtained by this 
procedure. 

Summary. 1. The hemaggutination test for 
rheumatoid arthritis is modified by the selec- 
tive absorption of non-specific factors. The 
details of this modification are described. 

2. Of 39 cases with active peripheral rheu- 
matoid arthritis with x-ray evidence of joint 
changes, 35 were positive by this test. 

3. All cases of inactive peripheral rheuma- 
toid arthritis, rheumatoid spondylitis without 

peripheral joint involvement and psoriatic 
arthritis tested were negative. 

4. In presumptive cases of early rhzeuma- 
toid arthritis without x-ray evidence of joint 
changes, the test was negative. 

5 .  In 67 control cases, including a variety 
of non-rheumatoid arthropathies, the test was 
negative except in two cases of infectious he- 
pat it is. 

6. The modified test was positive in 90% 
of the proven cases of active peripheral rheu- 
*matoid arthritis tested,; the Rose test in 
6 1 % ; the streptococcus agglutination test in 
58%. In all cases in which the modified test 
was negative, the Rose test and the streptococ- 
cus agglutination test were also negative. 

The authors express their thanks to Dr. R. 
Schuman, Miss E. C. Arrowsmith, and Mr. 0. 
Vasquez of the Clinical Laboratory Service for 
technical assistance. 
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Methyl Alcohol Purification of the Rabbit Papilloma Virus.9 (17421) 

ROBERT G. FISCHER~ (1n;trod.uced by J. T. .Syverton) 
F r m  the Department of Bacten’ology, School of Medicine, University of Minnesota, Minneapolis. 

Rabbit papillomatosis is an endemic virus 
disease of cottontail rabbits readily transmis- 
sible to domestic rabbits. Serum from infec- 
ted cottontail itnd domestic rabbits contains 
antibody which is capable of neutralizing the 
virus in vi8ro.l The virus citn be obtained 
easily from cottontail rabbit papillolmas, but 
ordinarily it is not recoverable from domestic 
rabbit growths. 

The demonstration that extravasated fluid 
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from large confluent cottontail papillomatous 
growths was effective in neutralizing active 
virus led Kidd2 to suggest that the neutraliz- 
ing principle represented antibody derived 
through escape from altered capillaries. Kidd2 
found no evidence of such “masking” in 
naturally occurring papillomas of cottontail 
rabbits. 

When Kidd2 obtained rn virus from the 
growths of 8 of 11 domestic rabbits ,and little 
from the other 3, and found that the sera of 
the 11 rabbits had little or no neutralizing 
capacity, he concluded that it was improbable 
that antibody was primarily responsible for. 
the masking of the virus in the growths pro- 
duced in domestic rabbits. 

The method developed by Cox, van der 
Scheer, Aistan and Bohne13 for the purification 
and concentration of influenza and other 
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