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A modification of the sheep cell agglutination test for rheumatoid arthritis
devised by Rose (1949) has already been described (Ball, 1950); in a preliminary trial,
this test was found to be positive in about half of the patients diagnosed clinically as
suffering from rheumatoid arthritis. On the other hand, a positive result was but
rarely found in patients diagnosed as suffering from other arthritic or rheumatic
conditions with the possible exception of disseminated lupus erythematosus.

The clinicians co-operating in this investigation used the term rheumatoid
arthritis for a variety of ill-defined polyarthritic syndromes as well as for typical
cases of rheumatoid arthritis in which there is symmetrical involvement of the
small joints of the hands and feet, subcutaneous nodules, vasospasm, lymphadeno-
pathy, and constitution disturbances, and in which the diagnosis presents no diffi-
culty. Furthermore, the diagnosis was made in most cases in the out-patient
department. It was recognized at the outset that patients diagnosed as suffering
from rheumatoid arthritis might not necessarily form a homogeneous clinical group.

The original studies have now been extended and a more detailed clinical analysis
has been made of the positive and negative cases of rheumatoid arthritis, and of
the false positive cases, to determine the relation of various clinical features to the
result of the test.

Material and Methods
The findings here presented are based on an analysis of 1,943 cases studied between

April, 1949, and December, 1950, included in which are the 895 cases previously reported.
The source of clinical material was the same as that previously described, though in the
latter part of the work control cases were obtained from various regional hospitals other
than the Manchester Royal Infirmary. The results of the test and the clinical diagnoses
were determined independently throughout the trial.

The technique (Ball, 1950) consisted of adsorbing inactivated human serum on normal
sheep cells and then titrating this adsorbed serum with a suspension of sensitized sheep
cells. If, after incubation for one hour at 370 C., agglutination occurred with a final
serum dilution of 1 4 or more, the result was considered positive. The sensitivity of
the sensitized sheep cell suspension (and hence the sensitivity of the test) was controlled
by diluting anti-sheep rabbit serum until sheep cells sensitized by it were agglutinated
"to titre " by an arbitrary standard human serum containing the agglutinating factor.

General Review of Results
Table IA shows the results obtained at the first test of the 1,943 cases. It will

be seen that 44 2 per cent. of the 642 cases of rheumatoid arthritis and 2 5 per
97 2A
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98 ANNALS OF THE RHEUMATIC DISEASES
TABLE I

RESULTS IN 1,943 CASES, BASED ON (A) FIRST TEST, (B) MULTIPLE TESTS

Positive (A) Positive (B)
Clinical Groups Total

No. % of Total No. % of Total

1. Rheumatoid Arthritis .. 642 284 44-2 304 47-4

2. Ankylosing Spondylitis 203 3 1 5 3 15
3. Osteo-Arthritis 249 8 3 *2 8 3 *2
4. Other Arthritides.. 289 15 5 2 19 6-6
5. Obscure Painful States 176 4 2-3 4 2-3
6. Rheumatic Fever and

Subacute Rheumatism 47 0 0 0 0
7. Non-Arthritic Diseases .. 317 3 0 9 3 0 9
8. Normal 20 0 0 0 0

Total Groups 2-8 1,301 33 2 5 37 2 8

cent. ofthe control cases were positive. Most ofthe false positive reactions occurred
with serum from patients suffering from some form of arthritic disease.

When patients were repeatedly tested at intervals, the result usually remained
the same, but in some it changed from negative to positive or vice versa. Thus,
of 106 cases of rheumatoid arthritis which were positive when first tested, 31
(29 2 per cent.) became negative at a later date; and of 117 cases of rheumatoid
arthritis which were negative at the first test, 20 (17@1 per cent.) subsequently
gave a positive result. However, only 4 (2 9 per cent.) out of 135 non-rheumatoid
cases which were negative when first tested, later gave a positive result. Thus the
additional positive reactions obtained by repeated tests occurred mainly among
patients with rheumatoid arthritis. The total positive reactions, including these
additional cases detected in multiple tests, are shown in Table IB.

Non-Rheumatoid Groups (Table I, 2-8).-Further consideration of the control
groups is necessary, firstly to clarify the nature of the clinical material and secondly
to assess the significance of the false positive reactions. The results quoted below
are taken from sections of Table IB.

Group 2-Ankylosing Spondylitis.-The 203 cases are a continuous series of
patients attending a special clinic for the study of ankylosing spondylitis. The
test was negative in all but three cases. Most patients were te8ted before x-ray
treatment, and in those re-tested after treatment the results were essentially the
same. Among the last 117 cases were thirty in which active arthritis of joints
distal to the hips and shoulders was a complicating feature. All of these thirty
cases were negative.

Of the three false positive cases, two presented no unusual clinical features.
The remaining case was that of a female aged 52 who had suffered for some years from

intermittent pain at different levels in the spine. About one year before examination she
had developed stiffness and swelling of the fingers of both hands, and later the ankles,
wrists, and knees became swollen and painful; at that time she was considered to be
suffering from rheumatoid arthritis. On clinical examination only the sacro-iliac joints
were abnormal and radiologically only the right sacro-iliac joint was involved, showing
bony sclerosis and erosions. The clinical diagnosis was " atypical ankylosing
spondylitis ".
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SHEEP CELL AGGLUTINATION TEST

Group 3-Osteo-Arthritis.-Included in this group were many patients suffering
from the generalized type of osteo-arthritis (Kellgren and Moore, 1952). Post-
traumatic osteo-arthritis and osteo-arthritis associated with a slipped epiphysis
or congenital dislocation were rare. All cases of osteo-arthritis complicating
rheumatoid arthritis were excluded.

Of the 249 cases, eight were positive; and six of these eight were typical cases
of osteo-arthritis. The other two false positive cases were atypical; the clinical
findings in one of these are described below:
A female aged 58 years stated that at the age of 43 she had been laid up for 16 weeks

with rheumatic fever. Thereafter she had suffered from fibrositis but no joint swelling
had been noticed. Three months before examination she had wrenched her left knee,
since when it had been painful and swollen. On examination there was marked peri-
articular swelling of the left knee which was hot and tender. Clinically no other abnor-
mality was found. X-ray examination showed that the joint space was reduced in both
knees. The erythrocyte sedimentation rate (Westergren)-was 96 mm. in the first hour.

Group 4-Other Arthritides.-The 289 cases were subdivided into 25 clinical
types. Table II shows the distribution of the false positive reactions in this group.

TABLE II

CLINICAL TYPES AND RESULTS IN 289 CASES OF ARTHRITIC DISEASE (GROUP 4)

Type of Arthritic Disease Total No. Positive

1. Indeterminate arthritis.. .. .. .. 82 4
2. Disk lesions .. .. .. .. .. 51 0
3. Gout .. .. .. .. .. .. 18 1
4. " Infective " arthritis .. .. .. .. 17 2
5. Shoulder syndromes .. .. .. .. 13 0
6. Tuberculous arthritis .. .. .. .. 12 0
7. Disseminated lupus erythematosus .. 10 6
8. Atypical polyarthritis .. .. .. .. 9 2
9. Scleroderma .. .. .. .. .. 7 2

10. Acromegaly .. .. .. .. .. 6 0
11. Intermittent hydrarthrosis .. .. .. 6 0
12. Reiter's syndrome .. .. .. .. 5 0
13. Gonococcal arthritis .. .. .. .. 4 0
14. Osteochondrosis .. .. 0
15. Tuberculosis and rheumatism.. 4 O
16. Periarteritis nodosa .. .. .. .. 3 0
17. Allergic arthritis .. .. .. .. 3 1
18. Hypertrophic pulmonary osteo-arthropathy.. 3 0
19. Dermatomyositis .. .. .. .. 3 1
20. Syphilitic arthritis .. .. .. .. 3 0
21. Erythema nodosum .. .. .. .. 2 0
22. Haemarthrosis ,. .. .. .. 1 0
23. Myelomatosis .. .. .. .. .. 1 0
24. Morquio's syndrome .. .. .. 1 0
25. Miscellaneous .. .. .. .. .. 21 0

Total . .. .. .. .. 289 19

It will be seen that almost one-third of the positive cases were diagnosed as suffering
from disseminated lupus erythematosus.

Type 1. This comprised 82 cases of indeterminate arthritis. Many were patients
suffering from a destructive arthritis of one or two large joints. Isolated arthritis of the

2B
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ANNALS OF THE RHEUMATIC DISEASES

cervical spine was also fairly common. Few presented with a generalized polyarthritis.
The four patients in whom the test was positive presented no distinctive clinical features.

Type 3. This comprised eighteen cases of gout; in ten the diagnosis was beyond
reasonable doubt, but in the remainder neither a raised blood uric acid nor gouty tophi
were found. One of these unproven cases was positive in the test.

Type 4. The term " infective arthritis " is used here to describe patients with an
asymmetrical or monarticular arthritis involving large rather than small joints and com-
monly associated with an obvious focus of infection, the removal of which is often followed
by a remission of symptoms. Radiologically, subchondral bone sclerosis may be found
in addition to the osteoporosis and bony erosions characteristic of rheumatoid arthritis.

Of the seventeen cases of " infective arthritis " two were positive, and one of these
seems worthy of special note:

The patient was a male aged 37 who had suffered for the last three years from pain
and stiffness in the fingers, knees, and feet. On examination no obvious focus of infection
was noted. All the joints of the hands, feet, and wrists were swollen, tender, and limited
in motion; the metacarpo-phalangeal joints of the feet showed dorsal subluxation. There
was a subcutaneous nodule on one elbow. Radiologically, the wrists, knees, and hands
showed subchondral bone sclerosis as well as generalized osteoporosis.

Type 8. This comprised nine cases of "atypical polyarthritis ", six being diagnosed
as " multiple synovitis "-a condition characterized by multiple severely swollen but
fairly mobile joints but no other clinical or radiological signs of the type usually associated
with rheumatoid arthritis. Two of these cases were positive. There were also three
cases of "diffuse capsulitis ", which was distinguished from rheumatoid arthritis in the
same way as multiple synovitis, but joint stiffness and capsular thickening occurred rather
than large effusions; all three were negative in the test.

The most striking finding in Group 4 was the occurrence of positive reactions
in six of ten cases of disseminated lupus erythematosus. Positive results were also
obtained in one of three cases of dermatomyositis, and one of seven cases of sclero-
derma, but the three cases of periarteritis nodosa were negative.

Group 5-Obscure Painful States.-Under this heading were included syndromes
commonly known as " psychogenic rheumatism ", " muscular rheumatism ",
"fibrositis ", and " neuritis ". In most cases there was no objective evidence of
arthritis, but the erythrocyte sedimentation rate was 16 mm. or more in 54 (36 per
cent.) of the 149 cases in which the test was performed, and it is conceivable that
some of these patients were early cases of rheumatoid arthritis or of some other
form of arthritic disease.

Of the 176 cases in this group, four were positive, and in these four cases the
erythrocyte sedimentation rate was 64, 37, 44, and 4 mm. respectively. Unfor-
tunately, a follow-up of these four cases has not been possible.

Group 6-Rheumatic Fever and Subacute Rheumatism.-There were 39 cases of
acute rheumatism (rheumatic fever), five of subacute rheumatism, and three of
chronic rheumatic fever in which persistent carditis was associated with a poly-
arthritis of the rheumatic fever type. Seventeen of the 39 cases of acute rheumatism
were under 15 years of age, and eleven were between 30 and 45. Tests were made
in both the active and convalescent stages of the disease. All the 47 cases in this
group were negative.
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SHEEP CELL AGGLUTINATION TEST

Group 7-Non-Arthritic Diseases.-The 317 cases in this group included a wide
variety of acute and chronic non-articular diseases. All were negative, with the
exception of two cases of lobar pneumonia and one case of broncho-pneumonia,
none of which presented- any evidence of arthritic disease. Nine other cases of
lobar pneumonia and two other cases of broncho-pneumonia were negative.

CoMmENT.-The results in the control groups indicate the remarkable specificity
of the test. Most of the false positive reactions occurred in patients suffering
from some form of arthritic disease, and though some might have been included
in the rheumatoid group, most showed no distinctive clinical features.

In respect of the agglutinating factor, it is obvious that ankylosing spondylitis
is distinct from rheumatoid arthritis, and the test thus provides new evidence in
support of the view that these two syndromes should be regarded as distinct disease
processes (Hart and others, 1949). This distinction is true even of cases with
active peripheral joint involvement. Heller and others (1949), whose technique
is similar to mine, reported negative results in all of 22 cases of ankylosing spondyl-
itis though patients with active peripheral joint involvement were not included.

Other syndromes that may resemble rheumatoid arthritis-such as acute and
chronic rheumatic fever, " infective arthritis ", intermittent hydrarthrosis, and
gout-gave almost uniformly negative results in the test. Similarly, osteo-arthritis,
abnormalities of the intervertebral disks, and various bacterial arthritides were,
with rare exceptions, also associated with a negative result. The striking exception
to the rule of specificity occurred in cases of disseminated lupus erythematosus
which were indistinguishable from rheumatoid arthritis in the agglutination test.
Whether the same may be said of periarteritis"nodosa, scleroderma, and dermato-
myositis, which are often linked with disseminated lupus erythematosus on patho-
logical grounds (Banks, 1941), remains to be seen, for as yet too few cases of these
syndromes have been tested.

The occurrence of false positive reactions in three patients suffering from lobar
or broncho-pneumonia remains unexplained. It seems unlikely to be due to strepto-
coccal or pneumococcal infection per se, since many such cases have given negative
results; moreover, according to Svartz and Schlossmann (1949), the serum of rabbits
experimentally infected with either of these organisms does not enhance the specific
agglutination of sheep erythrocytes.

The agglutination reaction appears to be independent both of the serum protein
changes accompanying acute and chronic granulomatous processes and of a raised
serum globulin level; this is evident from the negative results obtained in tuber-
culosis, sarcoidosis, osteomyelitis, and cases of myelomatosis known to have
abnormally high serum globulin levels. Nor is there any evidence that the agglutin-
ating factor is closely linked with adrenal cortical function, since negative results
were obtained in cases of both Cushing's disease and Addison's disease.

Rheumatoid Arthritis Group (Table I, 1).-To facilitate the study of this group
the analysis was based on the results obtained at the first examination of sera
(Table I(A)). Of the total of 642 cases, 464 were females and 178 males. The
incidence of cases according to the age at onset is shown in Table V. Judged
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ANNALS OF THE RHEUMATIC DISEASES

by these two criteria, the whole group is comparable with other series of cases
of rheumatoid arthritis (Sclater, 1943; Lewis-Faning, 1950).

DISTIIBUTION OF CASES ACCORDING TO AGGLurININ TImE.-Of the total 642
cases, 284 were positive and the distribution of these positive cases according to
their agglutinin titre is shown in Table III. The peak incidence for the whole group
occurred at a titre of --L, which corresponds to the fifth of the ten tubes over which
the titre range was spread. The peak for males is at a higher titre than that for
females, and the proportion of cases falling in the lower titre range (i to .1.) is higher
for females than for males.

TABLE III
DISTRIBUTION OF 284 CASES OF RHEUMATOID ARTHRITIS

ACCORDING TO AGGLUTININ TITRE

Number Per cent.
Titre Tube

Male Female Total Male Female Total

1/4 1 2 11 13 19 6-2 4-6
1/8 2 8 15 i 23 7-5 8-4 8-1

1/16 3 8 26 34 7 5 14 6 12-0
1/32 4 15 28 43 14-2 15-7 15-1
1/64 5 20 45 65 18 9 25-3 22-9

1/128 6 26 29 55 24-5 16-3 19-4
1/256 7 16 16 32 15-1 9-0 11-3
1/512 8 9 6 15 8 5 3-3 5-3

1/1024 9 2 1 3 i-9 0-6 1-0
1/2048 10 0 1 1 0 0 6 0-3

Total .. .... 106 178 284 100 100 100

RELATION OF TEST TO CLINICAL FEATURES.
(1) Psoriatic Rheumatoid Arthritis, Juvenile Rheumatoid Arthritis, and Rheumatoid

Arthritis associated with Osteo-Arthritis.
There were fourteen cases of rheumatoid arthritis associated with psoriasis (six males

and eight females); all but one were negative.
None of the six juvenile cases aged 15 or under were positive, but of seven cases aged

between 16 and 20, two gave positive results.
In nineteen patients (six males and thirteen females) osteo-arthritis was a complicating

feature; ten of these (five males and five females) gave positive reactions.

(2) Sex.
Table IV shows that a higher proportion of males than females gave positive results

in the test, the difference of proportions being 21 2 + 4*3 per cent. Males are thus
more likely to give a positive reaction than females.

TABLE IV
RELATION OF TEST TO SEX

Total Male Female
Result

No. % No. % No. %
Positive .. .. .. 284 44.2 106 59-6 ! 178 38-4
Negative .. .. 358 55*8 72 40*4 286 61*6

Total .. .. 642 100 178 100 464 100

Dfference between proportions of Positive Cases in Males and Females =21 *2 ± 43.
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SHEEP CELL AGGLUTINATION TEST

(3) Age at Onset.
Table V shows the age at onset by sex and the incidence of positive cases in the various

age groups. Comparing males and females, the proportion of cases in each age group
is much the same. The peak incidence for males and females occurs in the group whose
age at onset was 40- <50 years; incidentally, the fact that only 14 per cent. of males and
18 1 per cent. of females were aged under 30 at onset confirms the findings of Sclater
(1943) that rheumatoid arthritis has in neither sex a predilection for the young adult.

In both males and females, the proportion of positive cases in eazch age group is about
the same; a X2 test showed that the slight variations seen in the Table have almost certainly
arisen by chance. A positive result therefore does not depend on the age at onset, though
it should be mentioned that few patients aged under 20 at the time of the test were included.

TABLE V

RELATION OF TEST TO AGE AT ONSET

Positive
Age Group Total Male Female

(years) Total Male Female

No. % No. % liNo.' % No. % No. |% No.' %

<20.. 35 5.5 7 3 9 28 6-0 13 37-1 3 42-9 10 35.7
20-<30.. 74 11 5 18 10-1 56 12-1 33 44-6 12 66-7 21 37*5
30-<40.. .. 151 23 5 42 23-6 109 23 5 66 43-7 25 59 5 41 37-6
40-<50.. 194 30-2 59 33-1 135 29-1 91 46-9 34 57-6 57 42.2
50-<60.. 116 18-1 29 16-3 87 18-7 50 43-1 19 65-5 31 35-6
60> .. .. 50 7-8 1 7 9-6 33 7-1 20 40-0 9 53 0, 11 33-3
No Data .. 22 3 4 6 3 4 16 3-5 ll 50O0 4 66.7 7 43.8

Total .. 642 100 178 100 464 100 284 44-2 106 59-6 178 38-4

Average age at onset: Males, 43 years; Females, 42 years.

(4) Duration of Disease.
If the cases are divided according to whether the duration of the disease was more or

less than 3 years (Table VI), it is seen that, in both males and females, a significantly

TABLE VI
RELATION OF TEST TO DURATION OF DISEASE

Positive
Duration Total Male Female

of Total Male Female
Disease

No. % No. % No. % No. % No. % No. %

Up to 6 months 60 9 3 20 11-2 40 8-8 24 40 0 8 40-0 16 40.0
>6-12months 64 10-0 21 11-8 43 9 3 17 26-5 9 42-9 8 18 6
>1-3 years -..15 23-8 47 26-4 106 22-8 56 36 6 26 55-3 30 28-3
>3-6 years 1..116 1811 30 16 9 86 18 5 58 50.0 20 66-7 38 44-2
>6-<l0years . . 63 9-8 16 9-0 47 10-1 31 49-2 11 68 7 20 42-5
10and>10years| 154 24-0 34 19-1 120 25-9 85 55-2 28 82-4 57 47 0
No Data 32 5 0 10 5-6 22 4-6 13 40-6 4 40.0 9 40.9

Total . 642 100 178 100 464 100 '284 44-2 106 59-6 178 38-4

Up to 3 years.. 35 0 48-9 28-6
>3 years .. 52-3 73 7 45'5
Difference 173 ±40 24-8 ± 7-1 16-9 + 4-5
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ANNALS OF THE RHEUMATIC DISEASES
higher proportion of positive results occurred among patients with a clinical history of
more than 3 years.

The further subdivisions shown in the Table are presented with caution, since the
numbers in some of the sub-groups are small; but it should be mentioned that 40 per cent.
of cases with a clinical history of up to 6 months were positive. Thus the test is capable
of detecting early cases, and strongly positive reactions have in fact been found as early
as 5 weeks after the onset of symptoms. The proportion of positive results increases with
the duration of the disease; they were obtained in 41 5 per cent. of males with a history of
up to one year as against 82-4 per cent. of males with a history of 10 years or more; in
females, however, this trend is less clear and we find no such marked peak incidence.
Table VI also shows that generally the disease had lasted longer in females than in males;
the higher proportion of males giving a positive result cannot therefore be due to a longer
duration of disease.

(5) Nodule Formation.
Subcutaneous nodules are one of the most characteristic clinical signs of rheumatoid

arthritis; according to Bauer (1939) they occur in about 20 per cent. of cases. Table VII
shows that subcutaneous nodules occurred in 15 per cent. in our sample, and more often
in males than females.

TABLE VII
RELATION OF TEST TO NODULE FORMATION

Positive
Total Male Female

Nodules _ _ Total Male Female

No. % No. % No. % No. % No._ %/ No. %

Present .. .. 96 15-0 43 24-2 53 11-4 75 78-1 37 86-0 38 71-7
Absent .. .. 523 81-4 124 69-7 399 86.0 202 38-6 65 52-4 137 34-3
No Data .. 23 3-6 11 6-1 12 2-6 7 30 5 4 36-7 3 25-0

Total .. 642 100 178 100 464 100 284 44-2 106 59.6 178 38.4

Difference between Two Main Subgroups 39.5 ± 4.7 33 6 ± 6.9 37-4 ± 6.6

Of the 96 cases with subcutaneous nodules, 78-I per cent. were positive as compared
with 38-6 per cent. of those without the lesion; there is thus a marked tendency for
patients with subcutaneous nodules to give a positive result in the test. This association
is present in both sexes.

(6) X-ray Findings.
The following radiological criteria were used in grouping the cases:

(a) No abnormality;
(b) Osteoporosis only;
(c) Advanced changes such as loss of joint space and bony erosions.

Since 34 per cent. of the total were not examined radiologically and the distribution
of positive cases in this sub-group was uneven, it is difficult to assess the results. However,
Table VIII shows that 21 1 per cent. of 57 cases in which x rays revealed no abnormality,
and 39 4 per cent. of 94 cases showing only osteoporosis, were positive; it also indicates
that in each sub-group the proportion of males and females is essentially the same.

(7) Extent of Joint Involvement.
The following criteria were used in grouping the cases:

(a) Only peripheral joints involved (wrists, ankles, hands, and feet being
" peripheral ", and all other joints " central ").
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SHEEP CELL AGGLUTINATION TEST
TABLE VIII

RELATION OF TEST TO X-RAY FINDINGS

Positive
Total Male Female

X-ray Findings Total Male Female

No. % No. % No. % 'No. % No. % No. %

Advanced
Changes 273 42 5 77 43 3 196 42 3 149 54-6 60 779 89 45-4

Osteoporosis
Only 94 14-6 20 11-2 74 15 9 37 39-4 8 40 0 29 39-2

Normal.. .. 57 8 9 18 10-1 39 8-4 12 21-1 7 38 9 5 12 8
No Data .. 218 34 0 63 35 4 155 33 4 86 39 5 31 49 2 55 35 5

Total .. 642 100 178 100 464 100 284 44-2 106 59 6 178 38 4

(b) Both peripheral and central joints involved.
(c) Only central joints involved.
(d) No objective evidence of joint disease.

The last subgroup contained ten patients (nine females and one male) who presented
with a typical history of one or more rheumatoid episodes and other signs of the disease,
but in whom no definite objective evidence of arthritis was found.

Table IX shows that positive results were found in 43 0 per cent. of 151 cases in which
only peripheral joints were involved, but all but one of 25 cases in which only central
joints were affected gave a negative result; thus the test clearly distinguishes this type of
case from the average patient with rheumatoid arthritis.

TABLE IX
RELATION OF TEST TO EXTENT OF JOINT INVOLVEMENT

| ~~~~~~~~Positive
Total Male Female Pi

Joints Involved Total Male Female

No. % No. % No. % No. % No. % No.l %

Peripheral and
Central T 427 66-5 115 64-6 312 67 3 205 48 0 74 64 3 131 42.0

Peripheral Only 151 23-5 43 24 2 108 23 3 65 43 0 24 55 8 41 38 0
Central Only ..l 25 3 9 7' 3-9 18 3 9l 1 40 1I 14-3 0 0
None .. 10 1-6 1 0-6 9 1l9 0 0 0 0 0 1 0
No Data .. 29 4-5 12 6-7 17 3 6 13 44-8 7 58.4 6 135-3

Total .. 642 100 178 100 464 100 284 44 2 106 59 6 178 38-4

In the whole group there is little difference in the proportion of positive results in
patients with involvement of both peripheral and central joints and in patients with
only peripheral joints involved. The distribution of cases according to the extent of joint
involvement is closely similar in males and females.

(8) Activity of Disease.
The activity of rheumatoid arthritis is difficult to grade accurately, especially when,

as in this study, the assessment is made in retrospect; the cases have therefore been simply
divided according to whether the disease was active or inactive at the time of the test.
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ANNALS OF THE RHEUMATIC DISEASES
Table X shows that the proportion of positive results in the active cases is significantly

greater than in the inactive cases, though no less than 25 per cent. of the inactive subgroup
were positive. The proportion of males and females in the subgroups is about the same.

TABLE X

RELATION OF TEST TO " ACTIVITY " OF DISEASE

_ _lPositive
Total Male Female

Disease Total Male Female

No. % No. % No. % No.' % No. % No. %

Active .. 517 80-6 138 77-6 379 81-7 247 47-8 88 63-8 '159 42-0
Inactive .. 92 14-3 25 14-1 67 14-4 23 2500 10 40 0 13 19-4
No Data .. 33 5-1 15 8.4 18 3 9 14 42-4 8 53-3 6 33-3

Total .. 642 100 178 100 464 100 284 442 106 59-6 178 38 4

Difference between Active and Inactive.. .. 22 8±5-0 23*8±10 6 22 6±5*5

COMMENT.-This analysis of the rheumatoid group reveals interesting clinical
differences between the positive and negative cases. All but one of fourteen cases
of rheumatoid arthritis associated with psoriasis, and 24 out of 25 cases in which
only the central joints (joints other than the hands, feet, wrists and ankles) were
affected were negative. It should also be noted that all of the six cases under the
age of 15 were negative.

On the other hand, there was a marked predisposition for cases .of rheumatoid
arthritis with subcutaneous nodules to give a positive result in the test. This ten-
dency was present in both males and females, 86 0 per cent. of males and 71 7
per cent. of females with subcutaneous nodules being positive; whereas, in cases
without nodules, positive results were obtained in only 52 4 per cent. of males
and 34 3 per cent. of females.

These observations suggest that the rheumatoid arthritis group is not completely
homogeneous. A positive reaction appears to be particularly associated with what
is usually regarded as the typical case-a chronic symmetrical polyarthritis affecting
principally the peripheral joints and presenting clinical evidence of fibrinoid con-
nective tissue such as subcutaneous nodules. When strict diagnostic criteria are
applied, the proportion of rheumatoid cases giving a positive reaction is much
higher than might be expected from the findings reported above. Thus, in 1951,
67 2 per cent. of 61 cases of rheumatoid arthritis, which were carefully selected
for therapeutic studies in the Ma-nchester Royal Infirmary, were positive-as
against 44 *2 per cent. cases of rheumatoid arthritis in the present series. The
varied results reported by different workers using the same technique (Jawetz and
Hook, 1949; Dordick and Wasserman, 1950) may indeed be partly explained by
variations in the iange of clinical syndromes diagnosed as " rheumatoid arthritis ".

The finding that the rheumatoid agglutinating factor in diagnostic titres is
associated with the occurrence of fibrinoid connective tissue raises the interesting
question of the possible relationship of abnormal serum components to the altered
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SHEEP CELL AGGLUTINATION TEST 107

tissues present in fibrinoid. It was felt that the agglutinating factor might be an
auto-antibody, especially in view of the report of Zoutendyk and Gear (1950), who
found auto-antibodies in a case of disseminated lupus erythematosus in which
fibrinoid connective tissue commonly occurs and the agglutination test is frequently
positive. However, in a few cases of rheumatoid arthritis, some of which were
positive in the agglutination test, I have been unable to obtain a positive direct
Coomb's test, which suggests that auto-antibodies are not iegulaily present.

Provided the sensitized sheep cell suspension is sufficiently sensitive, the
agglutinating factor can be demonstrated in low titre in the serum of many normal
subjects or patients with diseases other than rheumatoid arthritis (vide infra). This
is not to say that the factor appearing in high titre in rheumatoid arthritis is
identical with that occurring in low titre in non-rheumatoid conditions. On the
other hand, it may be that the mechanism responsible for the appearance of the
factor in high titre in rheumatoid arthritis occurs in a mild form in other diseases
and in apparently normal subjects. This possibility accords with the well-known
fact that fibrinoid connective tissue may occur, though relatively inconspicuously,
in a variety of pathological states unrelated to arthritic disease, and may indeed
be produced in some normal animals by mild trauma (Klemperer, 1950). The
variations in the titre of the agglutinating factor in human serum may, then, be
merely an expression of differences in the severity or frequency with which a fairly
common biological process occurs. Connective tissue changes histologically
similar to those of rheumatoid arthritis are also found in rheumatic fever, in which
the agglutination test was uniformly negative. However, the fibrinoid lesions
of rheumatic fever are typically transient and generally of smaller amount than
those occurring in rheumatoid arthritis-differences which may explain the results
in rheumatic fever in the agglutination test. On the other hand, although the
fibrinoid found in various diseases is microscopically similar, there may be quali-
tative differences undetectable by histological techniques; and if, in fact, the
agglutinating factor is closely linked with the occurrence of fibrinoid connective
tissue, the varied results obtained in the agglutination test in syndromes such as
rheumatic fever, disseminated lupus erythematosus, rheumatoid arthritis, and
periarteritis nodosa may reflect these qualitative differences.

Positive results were obtained in a significantly higher proportion of males than
of females. The proportion of cases giving a positive result also increased sharply
with the duration of the disease, and to a less extent with the degree of activity
and joint involvement. It was shown that females generally had a longer clinical
history, but that males and females were closely similar as regards the degree of
radiological abnormality, the extent of joint involvement, and the activity of the
disease. Hence the difference between the proportions of males and females giving
a positive result cannot be explained by the different distribution of these factors
in the sexes. More males than females had subcutaneous nodules; but if we give
the female group the male distribution of this factor and recalculate the expected
number of positive results in females, the difference between the proportion of male
and female positives remains highly significant statistically. Factors other than
those considered in this study must therefore be looked for to account for the
difference between the sexes detected by the agglutination test.
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ANNALS OF THE RHEUMATIC DISEASES

Effect of Increasing Sensitivity of Test

The proportion of cases of rheumatoid arthritis giving a positive result also
varies with the sensitivity of the test; it was shown (Ball, 1950) that the sensitivity
could be increased by reading the result after 18 hrs' incubation rather than after
one hour, or by increasing the concentration of anti-sheep rabbit serum used to
sensitize the sheep cells. When either of these methods is adopted, the agglutinating
factor can be demonstrated in the sera of many normal subjects and patients with
other diseases. Hence some arbitrary titre must be chosen to define a positive result.

When, in the whole series of 1,943 cases, the test was read after 18 hrs' incubation,
positive results were obtained in 50 - 4 per cent. of the rheumatoid group as compared
with 44 -2 per cent. with the " standard " method; but the proportion of false
positive results was also increased from 2 - 5 per cent. to 4 2 per cent.

In another experiment, the concentration of anti-sheep rabbit serum was
increased to the practicable limit (a concentration slightly below that at which
spontaneous agglutination occurred), and 245 cases in the rheumatoid arthritis
group and 332 of the control cases were tested. By this highly sensitive method
positive results were obtained in 69 *4 per cent. of the rheumatoid group, but 9 0
per cent. of the control cases were also positive. Most of the additional false
positive reactions occurred in cases of arthritic disease, though, occasionally,
apparently healthy subjects also gave a positive reaction. The additional positive
cases in the rheumatoid group had minimal positive titres; they thus form an inter-
mediate group between cases defined as positive or negative by less sensitive methods.

Even with a highly sensitive test, many patients diagnosed as suffering from
rheumatoid arthritis show less agglutinating activity than some normal subjects
and some patients with other diseases.

These results suggest (a) that increased sensitivity is accompanied with some
loss in specificity, and (b) that in respect of the agglutinating factor there is some
overlap between normal subjects, patients with rheumatoid arthritis, and patients
with other diseases. But many patients suffering from rheumatoid arthritis possess
the agglutinating factor in " titres " great enough to enable a diagnostic test to be
devised; and when applied at a suitable sensitivity level the test clearly emphasizes
certain similarities and differences known to occur in the rheumatic diseases.

Relation of Test to Clinical Course and Effects of
Gold, ACTH, and Cortisone Therapy

Strongly positive results occurred in patients with a normal erythrocyte
sedimentation rate, and the test was sometimes negative when the sedimentation
rate was greatly increased. In serial tests, variations in the agglutinin titre bore
no close relation to changes in the erythrocyte sedimentation rate.
A number of cases under gold treatment were serially tested, in some from the

beginning of treatment or earlier, in others from a later stage. In those cases in
which a definite remission followed gold treatment and in those which failed to
improve, the result of the test sometimes remained unchanged. In cases in which
the reaction changed from positive to negative or vice versa, no close association
between the clinical state and the result of the test was noted.
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Tests were performed on nine patients before, during, and after treatment with
ACTH and/or cortisone for periods of up to 2 months. In all but two, no signi-
ficant change in the agglutinin titre was noted. In the two exceptional cases, a
definite fall in the agglutinin titre lasting 2 to 3 weeks occurred after 10 to 14-day
courses of ACTH therapy; thereafter the titre rapidly rose to the levels obtaining
before and during treatment. It was concluded that the agglutination test fails
to reflect variations in the clinical state, and that ACTH and cortisone in thera-
peutic doses have no definite effect on the agglutinin titre.

Summary

Analysis of the results of a modified sheep cell agglutination test in 1,943 cases
showed that:

(1) Positive results were obtained in the first test in 44-2 per cent. of 642 cases of
rheumatoid arthritis, and in 2 * 5 per cent. of 1,301 control cases.

(2) Additional positive cases, especially in the rheumatoid group, were detected by
repeatedly testing sera at intervals.

(3) A wide variety of non-arthritic diseases-including ankylosing spondylitis, gout,
osteo-arthritis, rheumatic fever, and various bacterial arthritides-gave almost uniformly
negative results, but disseminated lupus erythematosus was indistinguishable from
rheumatoid arthritis in the test.

A detailed study of the 642 rheumatoid cases revealed that:

(I) Rheumatoid arthritis associated with psoriasis, and rheumatoid arthritis affecting
only joints other than those of the hands, feet, wrists, and ankles, very rarely gave a positive
reaction.

(2) A significantly higher proportion of males than of females were positive, and this
could not be explained on the different distribution in the sexes of various clinical features
such as age at onset, and duration and severity of disease.

(3) The proportion of positive results increased with the duration of the disease, but
many cases with no radiological abnormality or a clinical history of up to only 6 months
were positive.

(4) There was a strong association in both sexes between the occurrence of a positive
result and the presence of subcutaneous nodules. The possible significance of this finding
is discussed.

(5) Positive results were obtained in many inactive cases. In patients under gold,
ACTH, or cortisone therapy, the test failed to reflect changes in the clinical state.

(6) The sensitivity of the test could be increased, though only at the cost of some loss
in specificity.

It is concluded that the test is highly specific for rheumatoid arthritis and that it
may be of value in distinguishing this syndrome from other arthritic diseases.

I am indebted to Professor S. L. Baker for much encouragement and advice, and
to Dr. J. H. Keligren for advice regarding the clinical aspects of the work. My thanks
are also due to Dr. R. W. Whitehead for assistance with the manuscript, and to Miss F.
Bier for help in the analysis of the results.
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IEpreuve d'agglutination des globules rouges de mouton dans l'arthrite rhumatismale.
Etude clinique et s6rologique

RjSUME
L'analyse des r6sultats de 1'epreuve d'agglutination des globules rouges de mouton, modifiee,

dans 1,943 cas montra que:
(1) La premiere 6preuve donna des resultats positifs dans 44,2% des 642 cas d'arthrite rhuma-

tismale et dans 2,5% des 1,301 temoins.
(2) Des cas positifs additionnels, surtout parmi les rhumatisants, furent d6celes au cours des

epreuves serologiques subsequentes.
(3) Dans des maladies tres diverses, avec ou sans atteinte articulaire-y compris la spondylite

ankylosante, la goutte, l'ost6oarthrite, le rhumatisme articulaire aigu, et de difftrentes arthritides
bacteriens-les resultats furent presque uniformement negatifs, mais 1'epreuve ne distinguait
pas entre le lupus erythemateux dissemine et I'arthrite rhumatismale.

L'etude detaillee des cas de rhumatisme revela que:
(1) L'arthrite rhumatismale associee au psoriasis, et l'arthrite rhumatismale frappant seulement

les articulations autres que celles des mains, des pieds, des poignets, et des chevilles, ne donnait que
rarement une reaction positive.

(2) La proportion des resultats positifs etait nettement plus grande chez les hommes que chez
les femmes, ce qui ne peut pas s'expliquer par la distribution differente entre les sexes de divers
caracteres cliniques, tels que l'age du debut, la dur6e, et la gravite de la maladie.

(3) La proportion des r6sultats positifs augmentait avec la duree de la maladie, mais on en
trouvait chez beaucoup de malades qui ne pr6sentaient pas d'anomalies radiologiques ou dont
l'histoire clinique ne remontait pas a plus de six mois.

(4) I1 y avait une association etroite dans les deux sexes entre les resultats positifs et la pr6sence
de nodules souscutanes. On discute la probable importance de ce fait.

(5) On obtint des resultats positifs dans beaucoup de cas inactifs. Chez les malades traites
par des sels d'or, par I'ACTH, ou par la cortisone, 1'epreuve ne refleta pas les changements de
l'6tat clinique.

(6) On pourrait rendre l'epreuve plus sensible, mais sa specificite en souffrirait un peu.
(7) On conclut que cette epreuve est tres specifique de l'arthritershumatismale et qu'elle est

utile pour distinguer entre ce syndrome et les autres affections arthritiques.

Prueba de aglutinacion de eritrocitos de carnero en la artritis reumatoide.
Estudio clinico y de laboratorio

SUMARIO
El analisis de los resultados de la prueba de aglutinaci6n de eritrocitos de camero, modificada,

en 1,943 casos mostr6 que:
(1) La primera prueba di6 resultados positivos en el 44,2% de 642 casos de artritis reumatoide

y en el 2,5% de 1,301 testigos.
(2) MAs casos positivos fueron hallados despu6s de exAmenes serol6gicos repetidos.
(3) En enfermedades muy diversas, con o sin implicaci6n articular-incluido la espondilitis

anquilosante, la gota, la osteoartritis, el reumatismo poliarticular agudo, y varios artritides
bacterianos-los resultados fueron casi uniformemente negativos, pero la prueba no distingula
entre el lupus eritematoso diseminado y la artritis reumatoide.

El estudio detallado de los casos reumatoides revel6:
(1) Artritis reumatoide asociada con psoriasis, y artritis reumatoide que implicaba s6lo
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SHEEP CELL AGGLUTINATION TEST 111
articulaciones otras que las de las manos, pies, mufiecas y tobillos, motivaban muy raramente
una reaccion positiva.

(2) La proporcion de resultados positivos era netamente mayor en los hombres que en las
mujeres, lo que no se puede explicar por la distribuci6n diferente en cada sexo de varios caracteres
clinicos, como la edad de comienzo, la duracion y la gravedad de la enfermedad.

(3) La proporcion de los resultados positivos aumentaba con la duracion de la enfermedad,
pero los hubo tambien en muchos enfermos sin anomalfas radiol6gicas o en aquellos con una
historia clinica de seis meses o menos.

(4) Hubo una asociaci6n estrecha en ambos sexos entre los resultados positivos y la presencia
de n6dulos subcutAneos. Se discute la importancia probable de este hecho.

(5) Resultados positivos fueron obtenidos en muchos casos inactivos. En enfermos tratados
con sales de oro, ACTH, o cortisona, la prueba no reflejo las variaciones del estado clinico.

(6) Se podria aumentar la sensibilidad de la prueba, pero su especifidad sufriria un poco.
(7) Se conclude que esta prueba es muy especifica para la artritis reumatoide y que podria

utilizarse para diferenciar entre este sindrome y otras enfermedades artriticas.
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