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Abstract

Background—Evidence from the United
States has shown that tuberculin sensi-
tivity increases with length of stay among
residents in homes for the elderly, imply-
ing an increasing risk of infection. There
is no evidence as to whether or not resi-
dents in homes in the United Kingdom
have a similar risk.

Methods—A study was undertaken to
determine whether residence in a home
for the elderly increases the risk of tuber-
culosis infection. Over a six month
period all residents in homes for the
elderly in Liverpool received a tuberculin
test. A health questionnaire was com-
pleted by the field team for each resi-
dent. A total of 2665 residents in homes
for the elderly were surveyed.
Results—Heaf test grade positivity
declined with age, the odds ratio being
0:71 for each 10 year period. Adjusting
for age, there was no change in Heaf test
grade with length of stay in the home.
Heaf test positivity was stronger in
smokers (odds ratio 1-59) than ex-
smokers (odds ratio 1-:20) and non-smok-
ers. Heaf test grade positivity was
directly related to pack years. Allowing
for age and smoking, the odds ratio for
men compared with women for a positive
test was 1:62 (95% confidence interval
1-32 to 1-99).

Conclusions—Heaf test positivity
declines with age. Residence in a home
for the elderly is not associated with
increased rate of tuberculosis sensitivity.
Smoking and male gender is associated
with increased Heaf test positivity.

(Thorax 1993;48:1257-1260)

Globally, tuberculosis is increasing. In
England and Wales a 9% annual decline from
1980 to 1985 has reverted to a 2% annual
increase from 1987. The biggest single group
causing such a rise is the elderly. In the
indigenous white population rates of tubercu-
losis are highest in the elderly, particularly
elderly men.! Between 1987 and 1989 num-
bers of cases in men aged 75 or over
increased by 15%.2

In the UK an increasing proportion of
elderly are now accommodated in residential
and nursing homes.? Evidence from the USA

suggests that residents in homes for the
elderly are at increased risk of incurring
tuberculosis infection and disease compared
with those remaining in the community. In
residents of such homes it has been shown
that length of stay in the homes is associated
with an increasing likelihood of a positive
tuberculin test.* The proportion of 80 year
olds with tuberculosis was found to be very
much higher in residential homes than in
those living in the community.> There have
also been outbreaks of tuberculosis within
these homes where a single index case
resulted in many cases of secondary disease.®
An individual who has reactivation of tuber-
culosis infection can be highly infectious and
can infect other residents. Because of the
close proximity in which people live in such
homes, disease can spread rapidly. Reduced
immunity in old age is also likely to aggravate
the rapid spread of infection. It is therefore
possible that, by bringing together many
elderly people under one roof, increased
spread of infection may be occurring in the
UK as has been reported from the USA. If
this is so, suitable screening and regular fol-
low up may be required amongst residents of
such homes to prevent possible outbreaks of
tuberculosis. These preventive measures are
particularly important as tuberculosis in the
elderly not only may present atypically,” but
may also be associated with rapid progression
and high mortality.?

To date there is little evidence that the risk
of tuberculosis increases with the length of
stay in residential homes for the elderly in the
UK, although it has been well established to
be a risk factor for alcoholics and those of no
fixed abode.®’® To investigate whether the
American experience is repeated in the UK,
we have undertaken a study of tuberculosis
infection by tuberculin testing among resi-
dents of nursing and residential homes in
Liverpool.

Methods

Between January and June 1990 all nursing
homes and residential homes for the elderly
in Liverpool were visited (by MN and
CSDW) after prior consultation by letter or
telephone with the person in charge of each
home. All residents were Heaf tested by stan-
dard methods.!! A questionnaire on each resi-
dent was completed by the visiting team,
often with the help of staff of the homes if this
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Table 1 Age and sex distribution of subjects in study

Age (years)
<45 45-54 55-64 65-74 75-84 85-94  95-104 Total
Men 5 5 43 165 284 157 10 669
Women 6 12 42 218 796 815 103 1992
Total 11 17 85 383 1080 972 113 2661*
*Data on age was not available for four patients.
Table 2 Relation berween Heaf grade and gender
Heaf grade
0 1 2 3 4 Total
Men 398 88 96 52 29 663
(60) (13) 14) ® ()] (100)
Women 1506 209 142 81 34 1972
(76) an Q)] (C)) 2) (100)
Total 1904 297 238 133 63 2635
(72-3) (11-3) 9-0) (5:0) 2-4) (100)

Values in parentheses are percentages.

was required. Details in the questionnaire
included: demographic data, details on
immunosuppressive medication (including
steroids), whether the resident had previously
had tuberculosis or treatment for tuberculo-
sis, smoking status and, in ex-smokers and
current smokers, the number of pack years
smoked. The presence or absence of a cough,
its productivity, and the residents’ own
assessment of general well being were
included. An assessment of the general men-
tal state of the resident was made, often with
the assistance of a member of staff. Further
details included the number of residents in
the home, and the number of weeks the resi-
dent had been present in the home. Each
home was revisited after one week (CSDW)
to read and record the Heaf grade of all resi-
dents.

Heaf test grading was as follows: 1—at
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Figure 1 Relation between Heaf grade and age. Residents were divided into 10
numerically equal groups. The point chosen represents the mean age of that group and the
proportion with Heaf grade > 3. Vertical lines give 95% confidence intervals. (For

statistical explanation see text).
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least four separate papules; 2—a continuous
ring of induration; 3—a closed ring up to
10 mm; 4—a closed ring greater than 10 mm
or with vesicles present.

Ethical approval was obtained from the
appropriate ethical committees of Liverpool
and South Sefton district health authorities.

Each resident signed a consent form agree-
ing to be Heaf tested and questioned.

STATISTICAL ANALYSIS

Simple descriptive statistics were used and
are presented. Ordered logistic regression
models'?!* were used to determine the effect
of different variables (age, sex, length of stay
in homes) on the Heaf test results. This
assumes that, whatever Heaf grade cutoff has
been considered, the variables in the model
and their coefficients should remain the same.
Odds ratios for the probabilities of having a
Heaf grade above any given cutoff can be
obtained for covariables of interest from the
relevant regression coefficients. Odds ratios
are approximately equal to relative risks for
rare events, such as having a strong Heaf
reaction. Analyses were carried out using the
statistical packages SAS for data manipula-
tion, tabulations, and analysis.!* !*

Residents were divided into 10 numerically
equal groups. The points shown in the figures
represent the mean age of that group and the
proportion with Heaf grade >3.

Results

A total of 2665 residents (75% women) were
tested and a questionnaire completed in 88
homes. The median number per home was
40, range 11-120, and the median length of
stay was 78 weeks. The median age of the
residents was 83 years, range 22-104 (table
1). Ninety one (3:4%) had had previous
treatment for tuberculosis. No statistically
significant difference in Heaf test result was
found between these residents and those who
had not had previous treatment.

Heaf test results were available for 2635
residents and are shown in table 2. The Heaf
test result was grade 0 in 1904 (72:3%),
grade 1 in 297 (11:3%), grade 2 in 238
(9:0%), grade 3 in 133 (5-0%), and grade 4
in 63 (2:4%) (table 2).

A total of 1379 (51:8%) had never
smoked, 840 (31:0%) were ex-smokers, and
443 (16:6%) were current smokers. The
smoking history was uncertain in three cases.
Significantly more men (86%) than women
(36%) were either ex-smokers or current
smokers, and more men (39%) than women
(26%) complained of a current cough.
Among ex-smokers and current smokers men
also had a higher mean (SD) pack year count
(49-7 (31-6)) than women (29-0 (22-8)). No
difference was found in history of tuberculo-
sis or general well being between the sexes.
Current smokers tended to be younger (mean
age 76-2) than ex-smokers (80-8) who were
younger than never-smokers (83:6).

Figure 1 shows the proportion of residents
with Heaf grade 3 or 4 by age of the individ-
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Figure 2 Relation berween Heaf grade and length of residence in residential home.
Residents were divided into 10 equal groups. The point on the horizontal axis represents the
mean length of stay for each group. The X points on the graph represent Heaf grade
proportion when adjusted for age. Vertical lines give 95% confidence intervals.
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ual. Older people tended to have weaker Heaf
grades, the odds ratio being 0-97 for each
extra year, or 0-71 for each 10 year period.

The main purpose of the study was to
determine whether tuberculin reactivity
increased with length of stay. Figure 2 shows
that tuberculin reactivity did not change with
length of time in the home, whether or not
potential compounding variables (such as
age, smoking, or gender) were taken into
acccount. The downward excursion at about
10 weeks’ residence is seen to be factitious
once age is accounted for (x points). A log
scale has been used for the horizontal axis as
the majority of patients had been in residence
for under 150 weeks.

One unexpected finding of the study was
that smoking appeared to be associated with
increased Heaf grade reaction, with ex-smok-
ers having an odds ratio of 1-20 and current
smokers 1-59 compared with never smokers.
Increased smoking, assessed in pack years,
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Figure 3  Relation berween Heaf grade and smoking in pack years. Ex-smokers and
current smokers were divided into six equal groups. Each point represents the mean age and
the proportion with Heaf grade > 3 with 95% confidence intervals. The X points represent

adjustment for age.
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was also associated with a stronger Heaf
grade both in current smokers and ex-smok-
ers (fig 3). After adjustment for age (x points)
this association is less evident but still signifi-
cant.

A second unexpected finding was that,
once age and smoking were taken into
account, the odds ratio for men being above
any given cutoff point in Heaf grade was 1-62
(95% confidence interval 1-32 to 1-99) com-
pared with women. This implies that being
male is associated with a stronger Heaf
reaction.

In non-smokers the absence of cough and
general well being showed no significant cor-
relation with Heaf positivity. A weak correla-
tion was found between cough and Heaf
positivity for ex-smokers (p < 0-05) and a
slightly stronger correlation for current smok-
ers (p < 0-02). Only 48 residents were taking
potentially immunosuppressive treatment and
no significant difference in Heaf positivity
was found between this group and the other
residents.

Discussion

There are three principal findings from this
tuberculin survey of the elderly in residential
homes in Liverpool.

First, the incidence of tuberculin positivity
declines with age. This is a well established
phenomenon, consistent with a number of
earlier studies,®'°!” and has been attributed to
a decline in cellular immunity with age,'®
eradication of the dormant infecting organism
from within the host, or a combination of
both. In this study 83-6% of the population
were Heaf grade 0 or 1. Other studies have
shown that, although 10% of tuberculosis
cases in the aged remain anergic, the remain-
der of the elderly population show no waning
of tuberculin reactivity to mycobacterial
infection with age.!*? It remains possible that
Heaf test reactivity may be a useful guide to
reinfection in the elderly when tracing con-
tacts following an outbreak. The elderly, the
vast majority of whom would be expected to
be Heaf negative, may react to infection by
tuberculin conversion in a way similar to chil-
dren who have not been exposed to infection
or received BCG immunisation. Our observa-
tion of reduced positivity with age supports
other work® 97 and is evidence of the reliabil-
ity of methods used in this study.

Secondly, we have shown that there is no
tendency for an increase in tuberculin reactiv-
ity with length of stay in residential homes,
suggesting that residents in the homes are not
at increased risk of tuberculosis infection.
This finding is therefore at variance with the
results of Stead ez al* in Arkansas, but not
with other workers in San Francisco,?
although numbers in the latter study were
small.

There are a number of possible reasons for
this variance. First, the underlying incidence
of disease in the elderly in the UK is lower
than that in Arkansas. Stead et al cite rates of
50-100 per 100 000 in the elderly in
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Arkansas, whereas in the UK the rates are
about 10/100 000 in women and 25/100 000
in men.? However, in Liverpool in:the early
1980s this figure was as high as 30/100 000.2
Secondly, nursing homes in Arkansas are, on
average, nearly four times larger than those in
this study (150 residents compared with 40).
Thirdly, there may be more communal sleep-
ing in the Arkansas homes. Few homes in the
UK have more than two residents to a bed-
room and most have individual bedrooms,
although communal eating and dwelling
rooms are used more extensively. The
chances of cross infection in nursing homes in
the UK may therefore be less. It is -of interest
that Stead ez al showed increased tuberculin
positivity with length of stay* no statistical
allowances were made for the likely decline in
tuberculin reactivity with increasing age, a
finding confirmed in a later paper.?? Had such
allowances been made, it is likely that resi-
dents would have shown an even larger pro-
portion converting to a significantly positive
test with length of stay.

The third finding from this study is that
smokers have significantly stronger Heaf tests
than ex-smokers who, in turn, have stronger
tests than non-smokers. It has been shown
that smoking increases the risk of tuberculo-
sis. A recent study from Shanghai showed
that the relative risk for tuberculosis in heavy
smokers compared with non-smokers was
2:17 (95% confidence interval 129 to
3-63),% confirming what has been suggested
in earlier studies.?’2¢ However, none of these
studies has detailed the tuberculin status of
smokers, whether or not tuberculosis was pre-
sent. We believe this is the first time that such
an observation has been made.

This finding supports the suggestion?* that
the hypersensitivity reaction remains poten-
tially active in most elderly people, and in our
view it is maintained by smoking or reacti-
vated by infection with the tubercle bacillus.
This study has also shown that, allowing for
the extra smoking and relative youth of men
compared with women, the men had signifi-
cantly stronger Heaf grades (odds ratio 1-62).
It is well established that, in the latter half of
life, men have a very much higher morbidity
and mortality from tuberculosis.?” This find-
ing further suggests that a strong Heaf reac-
tion may be an indication of susceptibility
rather than immunity to tuberculosis.

It is possible that the relation between
smoking and tuberculin positivity may be a
social class phenomenon. This was not inves-
tigated in this study.

Our findings show no increasing risk of
tuberculosis infection with length of stay in
the elderly living in residential homes in the
UK, as appears to be the case in the US.
Further studies in other centres in the UK
may be required to establish this, and com-
parison with a matched population remaining
in the community is needed. The tuberculin
reaction, far from being of little importance in
the elderly, may provide useful evidence of
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disease or infection when diagnostic assess-
ment or contact tracing is being undertaken.
Smoking may increase the risk of tuberculosis
by damaging local not humoral borne
immunity.
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