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SUMMARY Responses to four new tuberculins were found to be significantly reduced in 46
patients with rheumatoid arthritis in comparison with a control group of 79. Except for tuberculin
itself, the same was found in 111 patients with tuberculosis. In common with patients with
tuberculosis and leprosy, those with rheumatoid arthritis did not respond to common

mycobacterial (group i) antigen. Three DR haplotypes were found to have significant effects on

skin test responsiveness of the rheumatoid patients but had little or no effect on that of the
patients with tuberculosis and none on that of the healthy control group. Rheumatoid patients
with the HLA-DR4 haplotype had significantly greater responses to all four reagents than did
non-DR4 patients, but their responses to leprosin A and scrofulin remained significantly lower
than those of the control group. Possession of HLA-DR3 haplotype was associated with skin test
positivity approaching normal, but the sizes of responses were reduced. Possession of DR7 was

associated with an unexpected reduction in skin test positivity, especially in the case of
tuberculin. These results support the hypothesis that mycobacteria, or autoantigens cross reactive
with mycobacteria, may be involved in the aetiology of rheumatoid arthritis. The results also
show that the regulation and specificity of responsiveness to mycobacterial antigens are different
in patients with rheumatoid arthritis with different HLA-DR haplotypes.

Recent evidence has reopened the question of a
relation between mycobacteria, or autoantigens
cross reactive with mycobacteria, and rheumatoid
arthritis, perhaps similar to that observed in the rat
adjuvant arthritis model.1 2 One report presented
evidence for an unexpected association between
HLA-DR4 and the size of tuberculin responses in
patients with leprosy.3 As HLA-DR4 is known to be
strongly associated with rheumatoid arthritis in
Western populations,4 and as tuberculin test respon-
siveness is known to be decreased in rheumatoid
arthritis,5 we investigated HLA type in relation to
four mycobacterial skin tests in patients with this
disease. In addition to the individual results of the
skin tests, this set of four tests allows separation into
three responder categories.6 Category 1 subjects
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produce positive reactions to all four reagents, in
many cases owing to recognition of common myco-
bacterial (group i) antigens.7 Category 2 are non-
responders to all reagents, and category 3 respond
to one or more reagents through recognition of their
species specific (group iv) antigens.
To provide data generated simultaneously in

individuals suffering from a known mycobacterial
disease we studied a group of patients with tubercu-
losis and a healthy control group. Despite numerous
studies no strong associations have been found
between HLA-DR type and tuberculosis. Tubercu-
lin responses are known to be variable in size, and
the numbers of category 1 responders are known to
be reduced in tuberculosis,8 but no attempt to find
an association with DR type has been reported
previously. Among healthy people lack of the
determinant DR3 has been shown to be associated
with failure to respond to any of a battery of four
new tuberculins (category 2, non-responders),9 but
no association has been reported between sizes of
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responses and DR haplotype. Several studies have
related the DR3 haplotype with tuberculoid leprosy
and lack of it with lepromatous disease.10 11

Homozygous DR3 macrophages have been shown
to be poorly effective in presenting Mycobacterium
leprae antigen to the T lymphocytes of DR3
homozygous or heterozygous patients with tubercu-
loid leprosy.12 Very recently a determinant on the
65 kilodalton protein common to all mycobacteria
has been defined, to which all DR3 individuals
respond (R de Vries, personal communication).

Patients and methods
PATIENTS WITH RHEUMATOID ARTHRITIS

Forty six patients of Arab nationality (32 women, 14
men) attending the rheumatology clinic at Mubarak
teaching hospital in Kuwait with established
rheumatoid arthritis varying in duration from two to
18 years took part in the study. The severity of the
disease varied from mild (23 patients) to moderate
(19 patients), and only four had severe disease.
Their ages ranged from 18 to 57 years with a mean of
37. Most patients were receiving treatment with gold
(15 patients), penicillamine (17 patients), or chlor-
ambucil (nine patients). None of them was known to
have had mycobacterial diseases in the past.

PATIENTS WITH TUBERCULOSIS

One hundred and eleven patients with tuberculosis
(92 men, 19 women) with ages ranging from 17 to 55
years (mean 32) took part in the study. Forty eight
were Arabs and 63 were Indians or Pakistanis. All
were inpatients of the Chest Diseases Hospital in
Kuwait and had received one month's treatment for
proved pulmonary tuberculosis at the time of skin
testing.

HEALTHY CONTROL GROUP
The control group were 42 male and 37 female
university and hospital staff whose ages ranged from

20 to 60 years (mean 35). Forty eight were Arabs
and 31 Indians or Pakistanis.

HLA TYPING
Terasaki tissue typing plates coated with specific
antisera (One Lambda Incorporated, Los Angeles,
CA, USA) were used to determine the HLA-DR
types of all subjects in this study.'3 14

SKIN TEST REAGENTS
The skin test reagents were the new tuberculins:
tuberculin, leprosin A, scrofulin, and vaccin, pre-

pared in London from Mycobacterium tuberculosis,
M leprae, M scrofulaceum, and M vaccae

respectively.'5 With the exception of leprosin A,
which was a new batch, the batches used were those
which had been tested on the Spanish patients with
leprosy.3 The same batches of reagents were used
throughout the study. The doses used were stan-
dard: 0-2 sg of tuberculin and scrofulin, 1-0 ,ug of
leprosin A, and 2-0 jg of vaccin. Intradermal
injections of 0-1 ml were administered on the
forearms and diameters of induration read after 72
hours. Reactions of 2 mm or more were taken as

positive.

Results

The skin test responses of the patients with arthritis
were significantly fewer and, with the exception of
vaccin, smaller than those of the control group
(Table 1). The patients with tuberculosis appeared
similar to the control group in their response to
tuberculin but had significantly fewer and smaller
responses to the other three reagents.

Earlier studies have shown a change in category
distribution and a loss of category 1 individuals
among those with mycobacterial infections.6 This
was supported by our present findings for patients
with tuberculosis, and was also seen among the

Table 1 Skin testparameters ofhealthy controls and ofpatients with rheumatoid arthritis or tuberculosis

Skin test reagent used

Tuberculin Leprosin A Scrofulin Vaccin

Rheumatoid arthritis
No, % 25/46,54** 16/45,36** 13/46,28** 22/46,48*
Mean (SD) positive reaction size (mm) 9-5 (6.5) 6-6 (3-4) 6-5 (2-7) 8-8 (3-6)

Healthy controls
No, % 74/79,94 55/78,71** 61/78,78** 59/78,76**
Mean (SU) positive reaction size (mm) 13-3 (4.9) 8-8 (2-8) 8-6 (3-1) 8-0 (2-5)

Tuberculosis
No, % 96/111,86 29/111,26 27/111,24 17/111,15
Mean (SD) positive reaction size (mm) 12-4 (3-3) 6 5 (2.9) 6-3 (2-1) 5-7 (1-5)

*Indicates p<0-01; **p<0-00001, Mann-Whitney test.
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patients with arthritis (Table 2 and Fig. 1). There
was a compensatory increase in category 3 respon-
ders among the patients with tuberculosis, but
among the patients with rheumatoid arthritis the
compensatory increase was chiefly in category 2, a
finding reminiscent of leprosy.
There were no significant differences in HLA-DR

type between the Arab and non-Arab controls or
those with tuberculosis. Thus we have not divided
our results according to nationality. Fourteen (30%)
of the 46 patients with arthritis and 18 (16%) of the
111 patients with tuberculosis had the haplotype

Table 2 Categorisation ofresponders among the healthy
controls and the patients with rheumatoid arthritis or
tuberculosis

Category 1 Category 2 Category 3

No % No % No %

Rheumatoid arthritis 8/46 17* 19/46 41* 19/46 41
Healthy controls 49/78 63* 4/78 5 25/78 32*
Tuberculosis 3/111 3 10/111 9 98/111 88

*Indicates p<O-00001, x2 test after Yates's correction.

Data from Kuwait
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HLA-DR4 (p<0-02), but neither differed signifi-
cantly from the control group (20/79 (25%)). None
of the other HLA types showed any disease associa-
tion. In the control group HLA-DR haplotype did
not effect responses to any of the skin test reagents.
Table 3 shows that this was far from the case in the
patients with rheumatoid arthritis.
Although possession of the haplotype DR4 made

no difference to skin test responsiveness of patients
with tuberculosis, it had a marked effect among the
patients with arthritis. In comparison with the
control group DR4 rheumatoid patients had similar
responses to tuberculin and vaccin, but significantly
reduced responses to leprosin A and scrofulin
(p<O0OOl and p<0.003 respectively).
HLA-DR3 influenced responsiveness to skin tests

in both patient groups (Table 3). Among the
rheumatoid patients possession of haplotype DR3
was associated with greater positivity to tuberculin,
leprosin A, and vaccin, which reached significance
in the case of leprosin A (p<0001), although the
sizes of positive responses to tuberculin and leprosin
A remained significantly smaller than in the control
group (p<0-03 in both cases). Among patients with
tuberculosis DR3 did not influence responsiveness

Data from Nepal'
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Fig. 1 Distribution ofskin test responder categories in patients with rheumatoid arthritis, tuberculosis, and leprosy and
comparison with their respective controls. (The datafrom Nepal were available from a previous study. 9) RA =patients
with rheumatoid arthritis; Tuberc. =patients with tuberculosis; TTIBT=combined results for patients with polar tuberculoid
and borderline tuberculoid leprosy; LLIBL=combined results for patients with polar lepromatous and borderline
lepromatous leprosy.
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Table 3 Skin test results divided according to HLA-DR typet

Reagent Patients with rheumatoid arthritis Healthy controls Patients with tuberculosis

DR4 Non-DR4 DR4 Non-DR4 DR4 Non-DR4
Tuberculin 11/14, 79** 14/32, 44 19/20, 95 54/59, 92 14/18, 78 82/93, 88

12-3 (8-1) 7-4 (5-2) 13-5 (4.9) 13-3 (4-2) 13-0 (4-2) 12-2 (4)
Leprosin A 5/13, 38* 11/32, 34 16/20, 80 39/58, 67 4/18, 22 25/93, 27

9-2 (5-0) 5-4 (2.7) 8-3 (2-7) 9-1 (2-8) 55 (0.5) 6-6 (3-3)
Scrofulin 6/14, 43** 7/32, 22 17/20, 85 43/58, 74 5/18, 28 22/93, 24

6-5 (2-4) 6-5 (3-0) 8-4 (2-2) 8-0 (2-6) 6-8 (1-7) 6-1 (2-1)
Vaccin 10/14, 71* 12132, 38 15/20, 75 44W58, 76 3/18, 17 14/93, 15

9.3 (4.7) 8-4 (2-7) 8-4 (2-2) 8-0 (2-6) 5-7 (0-9) 5-6 (1-6)

DR3 Non-DR3 DR3 NonlDR3 DR3 Non-DR3
Tuberculin 10/13, 77 15/33, 45 16/17, 94 57/62, 92 32138, 84 66/73, 90

9-3 (7-4) 9-6 (6-7) 13-2 (5-4) 13-4 (4-7) 12-7 (5-4) 12-3 (3-9)
Leprosin A 8/13, 62** 9/32, 28 10/17, 59 45/61, 74 12138, 32 16/73, 22

5-5 (3-2) 7-0 (4.5) 9-9 (2.7) 8-6 (2-8) 5-3 (2-0) 7-2 (2-8)
Scrofulin 4/13, 31 10/33, 30 13/17, 76 47/61, 77 13/38, 34** 14/73, 19

6-8 (2-4) 6-4 (2-9) 8-2 (3-3) 8-7 (3-0) 6-3 (1-7) 6-2 (2-3)
Vaccin 8/13, 62 14/33, 42 12117, 71 47/61, 77 9/38, 24 8/73, 11

7-6 (2-2) 9-5 (4-2) 8-8 (3-3) 7-8 (2-1) 5.4 (1-3) 6-0 (1-7)

DR7 Non-DR7 DR7 Non-DR7 DR7 Non-DR7
Tuberculin 3/13, 23** 22133, 67 24/29, 83 49/50, 98 30/34, 88 71/77, 92
Leprosin A 3/13, 23 14/32, 44 19/28, 68 36/50, 72 11/34, 32 18/77, 23
Scrofulin 4/13, 31 10/33, 30 20/28, 71 40/50, 80 5/34, 15 22177, 29
Vaccin 3/13, 23 18/33, 55 20/28, 71 39/50, 78 2/34, 6 14/77, 18

*Indicates p<0-01; **p<0-001, Mann-Whitney test.
The statistical results have not been corrected for the number of comparisons made in the table because the results obtained are those that
were specifically sought except in the case of DR7 which were unexpected findings.
tThe figures show number, percentage and, below, the mean (SD) positive reaction size in millimetres. There were no significant
differences in response sizes in the DR7 comparisons, and therefore they are not shown.

to tuberculin, but increased responsiveness to the
other three reagents; significantly so in the case of
scrofulin (p<0001).
The only other haplotype found to influence skin

test results was DR7, possession of which was
associated with decreased responsiveness to tuber-
culin in rheumatoid patients, but had no effect
among patients with tuberculosis or healthy controls
(Table 3).
When the DR types were segregated according to

responder category it was found that there was a

significant association between DR7 haplotype and
skin test non-responsiveness among patients with
arthritis, which was not seen among patients with
tuberculosis or controls.

Discussion

Our results showed that the incidence of HLA-DR4
was raised significantly among the patients with
rheumatoid arthritis we studied in comparison with
patients with tuberculosis but not in comparison
with the control group. This is not surprising as the
work associating this haplotype with the disease was

carried out in a quite different population. We also
showed that responsiveness to mycobacterial skin
test reagents is strikingly reduced in patients with
arthritis in comparison with a control group (Table
1) and is associated with DR haplotype. The
differences found suggest that patients with arthritis
are subject to some form of immune regulation of
their responses to mycobacteria. The similarity
between these patients and the patients with tuber-
culosis (both DR4 and non-DR4) in their low
responses to leprosin A and scrofulin is striking and
suggests similar regulatory mechanisms may control
the responses to these reagents in both diseases. The
almost normal responses to tuberculin and vaccin
and the low responses to leprosin A and scrofulin
among DR4 rheumatoid patients show that there is
specificity in their responsiveness, and that they are
not non-specific high responders.
The increased positivity to skin tests seen among

patients with rheumatoid arthritis and tuberculosis
with the haplotype DR3 suggests that they may
retain a degree of responsiveness to common
mycobacterial antigen, possibly to the 65 kilodalton
protein (R de Vries, personal communication).
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Thus the regulation of skin test responses to
mycobacterial antigens in DR3 and DR4 rheuma-
toid patients is almost certainly different.
The discovery of an association between DR7 low

tuberculin responses and category 2 non-responders
to mycobacterial skin tests in patients with arthritis
was a new and unexpected finding in our study. This
was especially interesting as it has recently been
shown that DR2, DR6, and DR7 are reduced in
rheumatoid disease, at least in an American series. 16
We looked, therefore, at the skin test responses of
the 13 DR2 patients, but they did not differ
significantly from the whole group. Only two
rheumatoid patients in our study had haplotype
DR6.
We have recently demonstrated a low, class

specific antibody response to mycobacterial antigens
in DR7 and DR2 but not DR4 patients with
rheumatoid arthritis, which was not seen in patients
with tuberculosis.17 When this is considered in
combination with the present data it is difficult to
propose an aetiology for rheumatoid disease that
does not involve mycobacteria in some way.

It has previously been reported that patients with
mycobacterial infections do not give positive skin
test responses to common mycobacterial (group i)
antigens,6 8 probably because of a regulatory
mechanism (see Fig. 1). We have now found this
amongst rheumatoid patients, and it may also
explain the reduced reponses to leprosin A and
scrofulin in those with DR4 if their reactions to
tuberculin and vaccin are to species specific (group
iv) antigens in these preparations.
Most of our control group, about half of the

rheumatoid patients, and 20% of the patients with
tuberculosis had the scars of BCG vaccination, but
we could not find an association between skin test
responses and the presence of BCG scars in our
patient groups. Similarly, we were unable to associ-
ate any of the treatments for arthritis with any
particular pattern of results.

In conclusion, our observations reinforce the
suggestion of some relation between mycobacteria
and rheumatoid arthritis. The proposal that the
relation is purely due to the propensity for DR4
individuals to respond strongly to mycobacterial
antigens is an insufficient explanation.18 The
marked reduction in numbers of rheumatoid pa-
tients responding to common mycobacterial antigen
is similar to that seen in our patients with tuberculo-
sis, and previously reported in leprosy.6 19 The
expansion of category 2 non-responders seen in
arthritic patients is also similar to that previously
described in leprosy.6 This similarity between
rheumatoid arthritis and leprosy is seen additionally
in the associations between large sized responses to

tuberculin and DR4 haplotype,3 and between small
sized reactions to leprosin A and DR3 haplotype
reported in tuberculoid leprosy.102 A syndrome
closely resembling rheumatoid arthritis occurs in
some forms of reaction in multibacillary leprosy,2&-22
and is associated with development of rheumatoid
factor. If our results really mean that the immuno-
pathology of rheumatoid arthritis is similar to that of
mycobacterial infections then contact with environ-
mental mycobacteria (perhaps by mouth) may
regulate a tissue damaging immune response
directed at antigenic determinants which joints are
known to share with mycobacteria.
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