
The contribution of diabetes is still widely overlooked in TB
prevention efforts [1]. In this sample of Greenland Inuit where
both HIV and undernutrition remain uncommon, the risk of
developing TB was markedly higher in persons with co-existing
diabetes than in persons without. The very high risk associated
with diabetes suggests potential reduction in the Greenland TB
incidence rates through incorporating diabetes control and
prevention in TB prevention schemes. However, the validity of
the results should be confirmed in a larger sample size, pre-
ferentially by applying longer follow-up time to the study cohort.
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Outcomes of a tuberculosis contact investigation

programme in Italy
To the Editors:

Mycobacterium tuberculosis transmission is affected by several
key factors, such as contagiousness of the index tuberculosis
(TB) case, immune status and susceptibility of the exposed TB
contact, duration and patterns of contact between the index TB
case and the exposed TB contact, and characteristics of the
environment within which such contact occurs [1–3]. Tracing
strategies that allow the early identification and appropriate
treatment of TB contacts with latent TB infection (LTBI) or
active TB should be a priority of TB control programmes with
adequate resources [3, 4].

In agreement with the guidelines laid out by the Italian Ministry
of Health, the Piedmont Region has activated and regularly
updated TB contact investigation procedures [5]. We used data
from the Piedmont Region TB contact investigation programme to
assess the role of selected risk factors for TB infection (TBI) among
TB contacts in the city of Turin, Italy. For each suspected or
confirmed pulmonary TB case, active contact investigation was
conducted among household members, close contacts and regular

contacts, defined according to the stone-in-the-pond method [6].
Passive investigation was used for occasional contacts [5].

The Piedmont TB notification systems were used to identify
pulmonary TB cases between January 2002 and December 2008.
TB cases were classified into three categories of contagious-
ness: 1) sputum smear-positive and culture-positive (acid-fast
bacillus positive (AFB+)); 2) sputum smear-negative but culture-
positive (CULT+); and 3) sputum smear-negative and culture-
negative or not examined, i.e. other than defined (OtD).
Interviews were conducted with each TB case to identify TB
contacts, defined as anyone having shared air with an active TB
case. All traced TB contacts were screened for active TB or LTBI
using the tuberculin skin test (TST). The TST was performed
using tuberculin purified protein derivative (5 IU) according to
the Mantoux method [3]. TB contacts were classified as infected
either if the induration was o5 mm in diameter regardless of
any prior bacille Calmette–Guérin (BCG) vaccination [3] or if
clinical, bacteriological or radiological signs or symptoms of
manifest disease were present. If the TST was negative, a second c
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TST was performed 6–8 weeks later, and that result was
considered final and used in the present analyses [5].

TB contacts were then categorised according to the closeness of
contact with the index TB case: household contacts (those living
in the same house as the index TB case, e.g. relatives), regular
contacts (those who had regular prolonged contact with the
index TB case or who spent time with them in a confined space,
e.g. friends and colleagues) and occasional contacts (those who
shared air with the index TB case for ,12 h or who spent time
with them in an unconfined space) [5].

To account for any expected effect of age on risk of TBI, we tested
the nonlinearity of the relationship between age and TST positivity
in TB contacts by fitting an unrestricted cubic spline with four
knots in a logistic regression model including contagiousness, age
and sex of index TB cases, and age, sex, place of birth of TB
contacts, and closeness of contact with the index TB case.

Logistic regression was performed in a multilevel analysis to
evaluate the predictors of TBI, considering the effect of cluster
by TB case. The first level included the characteristics of the
index case (contagiousness, age and sex) and the second level
included the characteristics of the TB contact (closeness of
contact, age, place of birth and sex). We evaluated the statistical
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FIGURE 1. Log odds of tuberculin skin test (TST) positivity (––––) with 95%

confidence intervals (- - - -) in evaluated tuberculosis (TB) contacts by age, adjusted

for contagiousness, age and sex of the index TB case, and age, sex, place of birth

and closeness of contact of TB contacts. TST positivity was defined as tuberculin

purified protein derivative reaction of o5 mm.

TABLE 1 Results of multilevel analysis for the association between determinants of tuberculosis (TB) infection and active
pulmonary TB# in evaluated contacts overall, and by age of TB contact

Overall OR (95% CI) Age of TB contacts

f35 yrs .35 yrs

Subjects n OR (95% CI) Subjects n OR (95% CI)

First level

Contagiousness of index TB case

OtD 1.00 352 1.00 340 1.00

CULT+ 2.93 (1.34–6.41) 253 2.08 (1.09–3.94) 360 0.82 (0.53–1.27)

AFB+ 3.03 (1.73–5.32) 1568 2.46 (1.54–3.93) 1347 1.20 (0.87–1.66)

Age of the index TB case 0.99 (0.99–1.00) 0.98 (0.97–0.99) 1.00 (0.99–1.01)

Males 1.00 1201 1.00 1080 1.00

Females 0.95 (0.75–1.19) 972 1.01 (0.71–1.44) 867 0.98 (0.76–1.25)

Second level

Closeness of contact

Occasional 1.00 61 1.00 60 1.00

Regular 1.08 (0.59–1.99) 345 2.51 (0.85–7.40) 324 0.50 (0.22–1.14)

Household 1.53 (0.86–2.71) 1767 4.78 (1.69–13.50) 1563 0.66 (0.30–1.43)

Age of TB contact 1.05 (1.04–1.06) 1.08 (1.07–1.10) 1.01 (1.00–1.02)

Place of birth of TB contact

Italy 1.00 1296 1.00 1472 1.00

Elsewhere 5.22 (4.20–6.49) 837 4.79 (3.55–6.47) 395 4.82 (3.47–6.69)

Sex of TB contact

Male 1.00 1099 1.00 838 1.00

Female 0.76 (0.65–0.90) 1068 0.85 (0.67–1.09) 1106 0.64 (0.52–0.80)

OtD: other than defined, i.e. both sputum smear and culture negative or missing, but clinically and/or radiologically diagnosed as being compatible with TB; CULT+:

sputum smear examination negative but sputum culture positive for Mycobacterium tuberculosis complex; AFB+: acid-fast bacillus positive, i.e. sputum smear

examination positive for acid-fast bacilli and culture positive for M. tuberculosis complex. #: a positive tuberculin skin test was defined as tuberculin purified protein

derivative reaction of o5 mm.
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significance of the interactions between the index TB case and
the TB contact characteristics. Odds ratios with 95% confidence
intervals were used as a measure of association.

A total of 833 index TB cases with at least one contact were
identified; 4,441 contacts were screened using the TST and 3,942
(82.8%) were evaluated. The prevalence of TBI among contacts
was 45.0% (1,773 TB contacts had an intradermal reaction
o5 mm). 28 (0.7%) contacts were found to have active TB.

The nonlinearity test showed that the age, adjusted for con-
tagiousness, age and sex of the index TB case, and age, sex, place
of birth and closeness of contact of TB contacts, was positively and
strongly associated with TBI in TB contacts until ,35 yrs of age,
after which the log-relative risk increased with a much lower slope
(fig. 1). Therefore, we stratified age into two categories, below and
above the inflection point at 35 yrs of age (f35 and .35 yrs).

Results of the multilevel analysis, overall and stratified by age
of TB contacts, are shown in table 1. Laboratory and clinical
results, which were used as an indicator of contagiousness, were
significantly associated with the TBI status of contacts: overall,
the contacts of both AFB+ and CULT+ cases had a statistically
significantly higher risk of TBI than did the contacts of OtD
cases (OR 3.03 (95% CI 1.73–5.32) and OR 2.93 (95% CI 1.34–
6.41), respectively). The strength of the association was greater
in the age group f35 yrs compared with .35 yrs (OR 2.46 (95%
CI 1.54–3.93) and OR 2.08 (95% CI 1.09–3.94) in the contacts of
AFB+ and CULT+ cases, respectively). Closeness of contact was
a predictor of TBI, even though the association was statistically
significant only in the age group f35 yrs, in which household
contacts had a significantly higher risk of TBI than occasional
contacts (OR 4.78, 95% CI 1.69–13.50) (table 1).

As expected, contagiousness and closeness of contact were the
major determinants of LTBI and active TB risk [7–9]. However,
these factors seemed to play a different role depending on the
age of the TB contact. In particular, among TB contacts f35 yrs
of age, household contacts and contacts of AFB+ cases displayed
the highest risk of TBI. We also found that the contacts of CULT+
cases had a high risk of infection, despite the fact that CULT+
cases are expected to be less contagious than AFB+ cases due to
a lower bacterial load.

In TB contacts aged .35 yrs, the effects of the main risk factors
for tuberculin conversion, contagiousness and closeness of
contact, apparently disappear, as confirmed by the significant
interaction found between the age of TB contacts and the main
determinants of TBI, while the effect of place of birth of TB
contacts and the cohort effect persisted. It is possible that in the
older age group and in foreign-born TB contacts, incident TBI
was hidden by a higher prevalence of previous infections. As a
consequence, the likelihood of finding true incident TBI was
higher in TB contacts f35 yrs of age. Furthermore, the apparent
protective effect of being born in Italy could be due to a higher
prevalence of previous TBI in foreign TB contacts born in
countries with high TB prevalence.

The operative meaning of this finding is that a number of TB
contacts in the older age group, even if they were candidates
for LTBI treatment, did not appear to have new TBI. For this
reason, it may be suggested that low priority should be given
to the treatment of subjects .35 yrs of age. This is particularly

true for BCG-vaccinated subjects, and for subjects born in
countries with high TB prevalence.

In conclusion, our results suggest that TB contact investigation
programmes should be expanded to include contacts of
CULT+ cases and regular TB contacts, especially if an outbreak
is demonstrated in household contacts. Finally, due to the
observed increased risk of TBI, which is likely to be recent, TB
contact investigation efforts should be maximised in the
population aged f35 yrs.
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