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Summary

Cell-mediated immunity and blood complement activi-
ties were studied in 35 patients with chronic rheumatic
heart disease (RHD) and 17 normal subjects. The T-cell
population in patients with RHD was reduced, as were the
CH,, and C3 complement levels. The response to phyto-
haemagglutinin stimulation was deficient, but the
lymphocytes of patients with RHD showed increased
avidity for 3H-thymidine when stimulated with specific
streptococcal membrane antigen. No differences were
found between patients with acute rheumatic activity
and those without such activity.
The susceptibility of individual patients may be related

to the specific sensitisation of lymphocytes, while the fact
that this persisted even when T-cell numbers had returned
to normal may account for the well-known recrudes-
cences after streptococcal infections in these patients.

Introduction

Hypersensitivity reactions to membrane antigens and extra-
cellular products of streptococci were first shown in animals by
Derick and Swift.1-3 Later a positive reaction to intradermal
injections of a crude extract of streptococci and their products
(now known to be due to the delayed hypersensitivity reaction)
was shown in man.4 It has since been suggested that strepto-
coccal hypersensitivity may be responsible for some of the non-
suppurative sequelae of streptococcal infections.6 ' Recently,
using the macrophage migration inhibition test, Read et al8
have shown that the lymphocytes from the peripheral blood of
patients with rheumatic heart disease (RHD) are sensitised to
the membranes of group A 3-haemolytic streptococci. Likewise,
altered delayed hypersensitivity responses in patients with
glomerulonephritis have also been reported.9
We therefore examined cell-mediated immune responses from

the lymphocytes of the peripheral blood of patients with
RHD and also the C3 and CH,0 complement concentrations
in their serum.

Patients and methods

Thirty-five patients with RHD attending the cardiology service of
the Nehru hospital of this institute were studied. All had established
valvular lesions of chronic RHD and most were candidates for pallia-

Postgraduate Institute of Medical Education and Research,
Chandigarh 160012, India

R P SAPRU, MD, MAMS, assistant professor of cardiology (present
address: Department of Medicine, Royal Infirmary, Edinburgh EH3 9YW)

N K GANGULY, MD, assistant professor of microbiology
S SHARMA, MD, assistant professor of microbiology
R E CHANDANI, MD, tutor
A K GUPTA, BSC, senior technician

tive surgery. Eight of the 35 patients satisfied the modified Jones
criteria10 for acute rheumatic fever at the time of the study. A repeat
test was performed after six weeks in three patients with activity and
three without activity. Blood was also taken from 17 normal subjects,
who had no evidence of systemic disease, no history of fever or
vaccination during the preceding three months, and normal serum
immunoglobulins and C3 concentrations.

At least one normal blood sample was included with each batch of
tests to provide an internal control. Generally the tests were perform-
ed in batches of three, comprising the samples from one control and
two patients with RHD. The following investigations were per-
formed on 20-ml samples of heparinised blood and 10-ml samples of
clotted blood collected from each subject.

Peripheral blood lymphocytes-The relative proportion of T- and
B-cell rosettes were counted in a population of Ficoll-Isopaque-
purified lymphocytes according to the technique previously reported
from this laboratory.'1 The 3H-thymidine uptake of lymphocytes in
response to stimulation with phytohaemagglutinin (PHA) and strepto-
coccal membrane antigen was determined by a modification of the
method of MacSween et al."2 The lymphocyte culture was set up with
2 x 106 cells obtained by separation on a Ficoll-Isopaque gradient.
Incubation at 37°C lasted for 72 hours. After 54 hours of incubation
0-1 4Ci of 3H-thymidine (specific activity 6 25 mCi/mmol) was added
and the cells harvested 18 hours later. The protein was precipitated
with trichloroacetic acid. The activity, counted in a liquid scintillation
counter in a toluene-based scintillation fluid, was expressed as
counts per minute (cpm) in 1 x 106 lymphocytes. The optimal dose
of the antigen and PHA was determined from chessboard titration in
the blood of five patients with RHD, and proved streptococcal
infection, on culture and serology (raised antistreptolysin 0 and
antideoxyribonuclease B titres). The optimal dose thus determined
was 100 mg/l of the freeze-dried antigen and PHA preparation.

Purification of streptococcal membrane antigen-Streptococcal
membrane antigen was prepared from the L-forms of T-type I group
A /-haemolytic streptococci by the method previously described from
this laboratory,"3 which is similar to that described by Zabriskie and
Friemer.14

Estimation of serum complement-Serum levels of the total com-
plement activity (CH5,) were determined by the method of Mayer'5
and C3 fraction by the single radial immunodiffusion technique.16

Results

The table shows the relative proportion of T and B lymphocytes
in patients with RHD compared with the values in the 17 normal
controls. The B-cell populations were similar, but the T-cell popula-
tion was significantly lower in patients with RHD. In 19 of the 35
patients (543°') with RHD the T-cell population was less than the
lowest value found in the normal subjects.
On stimulation with PHA the 3H-thymidine uptake by lymphocytes

was greatly reduced in 29 (83%) patients withRHD (fig 1). In contrast,
24 (690/O) patients with RHD showed a considerable increase in the
uptake of 3H-thymidine after exposure to streptococcal membrane
antigen (see table).
The mean total haemolytic activity (CH,,,) as well as the C3 levels

were significantly lower in patients with RHD (see table), although
there was a considerable overlap with levels in normal subjects. There
was no correlation between the percentage of T cells and the CH5,0
or C3 levels.

In patients with a T-cell population of under 5000 the 3H-thymidine
counts were much lower than those in patients whose T-cell populations
were within the normal range. Eight of the 10 patients with 50% or
more T cells showed normal counts on PHA stimulation. In contrast,
all the patients with less than 50% T cells had a subnormal response
to PHA stimulation. All the patients with RHD showed increased
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counts on antigen stimulation, but six of the
T cells had the highest counts (fig 2).
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FIG 1-3H-thymidine uptake counts of lymphocytes on
stimulation with PHA and 3-haemolytic streptococcal
membrane antigen in patients with RHD and normal
controls.

Cellular response and complement levels in patients with rheumatic heart
disease. Values are. means±SD.

Patients with Controls P value
RHD (n= 17)

(n = 35)

B cells (,).25 76 27±4-5 >0 05
T cells(). 44 11-11 60 ±6-73 <0-001
PHA stimulation
(cpm 1 x 106 lymphocytes) 1220 = 1608 3630 ±165 <0 001

Antigen stimulation
(cpm 1 x 106 lvmphocytes) 1370 ± 1492 - 8±10 <0-001

C3(gl) .0-906 t0 3368 1-352 ±0 253 <0-001
CH6o (units/l) .33 700 +9850 44 100 ±10 620 <0 001

In patients with evidence of acute rheumatic fever the B cells
averaged 26±9 30/O, whereas in those without such evidence these
were 25±6-90o. Corresponding figures for T cells were 39±9-7%o
and 45 11 20% (fig 3). In neither case were the differences statistically
significant. Likewise the average values of 0-89 0 126 g/l and
096+0 151 g/l for C3 and 25 900 ±9500 units/I and 29000±8700
units/i for CH50 from those with acute rheumatic fever and those
without, respectively, were not significantly different. On stimulation
with PHA the counts were very low in all eight patients with acute
rheumatic activity and in 21 of the 27 patients (77 80°) with chronic
RHD. Increased counts were found with antigen stimulation in six
of the eight patients (7500) with acute rheumatic fever and 20 out of
the 27 patients (741 o) with chronic RHD (fig 3).

In six patients (three with acute and three with chronic RHD)
the studies were repeated after six weeks. All patients showed an
increase in the T-cell population, while the B-cell population remained
unchanged. Likewise an increase in 3H-thymidine uptake on stimula-
tion with PHA and antigen was observed in five of the six patients
(fig 4). The complement levels remained unaltered.
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FIG 3-Relative proportion of lymphocytes and their 3H-thymidine
uptake in patients with chronic RHD with an acute exacerbation
of rheumatic fever (acute RF) and without any such evidence.
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FIG 2-3H-thymidine uptake on stimulation with PHA and
antigen plotted against T-cell percentage of the same
subject. In patients with RHD, response to PHA stimula-
tion was depressed when T-cell percentage was less than
50. Radioactive counts after antigen stimulation were
highest in patients with T-cell percentage greater than 50.
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FIG 4-Changes in various values on repeat investigation six
weeks later.
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Discussion

Although substantial circumstancial evidence suggests that
streptococcal infections are causally related to acute rheumatic
fever and its residue as chronic RHD, the precise nature of the
link continues to elude workers, despite much research. An
immunological basis seems quite likely, and we have shown
the presence of delayed hypersensitivity reactions against
streptococcal membrane antigen in patients with chronic
RHD. Whereas the B-cell population seems to be normal, the
T-cell population is greatly reduced in most of these patients.
Furthermore, the lymphocytes fail to respond normally to
non-specific stimulation by PHA but are strongly stimulated by
the streptococcal membrane antigen. Read et al8 have also shown
specific stimulation by the streptococcal membrane antigen
of group A p-haemolytic streptococci in patients with RHD.
Such a response is not elicited by other components of these
organisms or by other groups of streptococci. The susceptibility
of patients may well be related to the specific sensitisation of
lymphocytes. Persistence of enhanced antigen sensitisation, even
when the T-cell counts improved at the end of six weeks,
suggests that this abnormality may persist for a long time and
account for the well-known recurrences after streptococcal
infection in these patients.

There were no essential differences between patients with
chronic RHD and those who also had evidence of acute rheu-
matic activity. In view of the small numbers definite conclusions
may not be warranted. Nevertheless, the population under study
all had chronic RHD, and by the time the condition reaches this
stage recrudescence may not result in further changes in
previously upset immunological mechanisms. To determine
whether this is so the changes in patients with acute streptococcal
sore throat but without RHD would have to be studied. Such
a study is in progress.
The mean values of CH50 and C3 were reduced in patients

with RHD, suggesting that a complement-mediated injury
may have occurred at some stage in the course of the disease.
Similar findings have been reported with other sequelae of
streptococcal infections such as glomerulonephritis. These low
levels persist for varying lengths of time. Of interest is the
demonstration of low levels of complement in the synovial fluid
of patients with acute rheumatic fever, both at an early stage and
later in the disease.'7

References

Derick, C L, and Swift, H F, Journal of Experimental Medicine, 1929, 49,
615.

2 Swift, H F, and Derick, C L, Journal of Experimental Medicine, 1929, 49,
883.

3Derick, C L, Hitchcock, C H, and Swift, H F, Journal of Experimlental
Medicine, 1930, 52, 1.

4Gibson, H J, Thomson, W A R, and Stewart, D, Archives of Diseases in
Childhood, 1933, 8, 57.

5Green, C A, Annals of Rheumatic Diseases, 1942, 3, 4.
6 Murphy, G E, and Swift, H F, Journal of Experimental Medicine, 1949,

89, 687.
7 Glaser, R J, et al, Journal of Experimental Medicine, 1956, 103, 173.
8 Read, S E, et al, Journal of Clinical Investigation, 1974, 54, 439.
9 Zabriskie, J B, et al, Science, 1970, 168, 1105.
0 Stollerman, G H, et al, Circulation, 1965, 32, 664.
Ganguly, N K, et al, International Archives of Allergy and Applied
Immunology, 1977, 53, 290.

12 MacSween, R N M, et al, Clinical Experimental Immunology, 1973, 15, 35.
13 Mohan, C, et al, Indian Journal of Medical Research, 1975, 63, 1712.
14 Zabriskie, J B, and Freimer, E H, Journal of Experimental Medicine, 1966,

124, 661.
15 Mayer, M M, in Experimental Immunochemistry, 2nd edn, ed E A Kabat,

and M M Mayer, p 133. Springfield, Charles C Thomas, 1961.
16 Mancini, G, Carbonara, A 0, and Heremans, J F, Immunochemistry,

1965, 2, 235.
17 Svartman, M, et al, 7ournal of Clinical Investigation, 1975, 56, 111.

(Accepted 15 J7une 1977)

Pneumoconiosis and chronic bronchitis
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Summary

Data from a major long-term epidemiological survey in
the British coalmining industry were examined to
determine whether bronchitis offered any protective
action against the development of pneumoconiosis. No
evidence of such an effect was found.

Introduction

Pneumoconiosis and chronic bronchitis are important diseases
in the coalmining industry. The former is accepted as being
clearly of occupational origin, but the cause of the latter is more
contentious since it is associated with several factors, including
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dust exposure, tobacco smoking, air pollution, and respiratory
illness during childhood. The relation between the two diseases
was reviewed by Davies,' who discussed the effects of a possible
interaction on the clinical assessment of disability in coalworkers.
Questioning the view that simple pneumoconiosis does not cause
disability, he pointed out that if, as has been postulated, chronic
bronchitis protects men from developing pneumoconiosis, this
would generate a relative excess of chronic bronchitis among men
without pneumoconiosis. According to the theory an uneven
distribution of chronic bronchitis among coalminers might mask
a moderate effect of simple pneumoconiosis on ventilatory
capacity. Davies' went on to review evidence suggesting that
bronchitis might indeed have a protective action against the
development of pneumoconiosis.
Our purpose was to consider whether persistent sputum

production is associated with any protective action against the
development of simple pneumoconiosis. Data for the investiga-
tion were obtained from the long-term epidemiological study
that has been in progress for some years in the British coalmining
industry.

Methods

The survey by the medical service of the National Coal Board into
respiratory diseases among miners started in 1953. Miners (initially
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