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SUMMARY

The transmission of tuberculosis (TB) in bars is difficult to study. The objective was to describe a
large TB outbreak in a company’s bar and other leisure settings. A descriptive study of a TB
outbreak was carried out. Contacts were studied in the index case’s workplace bar (five circles of
contacts) and other recreational areas (social network of three bars in the index case’s
neighbourhood). Chest X-rays were recommended to contacts with positive tuberculin skin tests
(TST) (55 mm). The risk of latent tuberculosis infection (LTBI) was determined using an
adjusted odds ratio. The dose–response relationship was determined using the chi-square test for
linear trend. We studied 316 contacts at the index case’s workplace and detected five new cases of
TB. The prevalence of LTBI was 57·9% (183/316) and was higher in the first circle, 96·0% (24/25),
and lower in the fifth, 46·5% (20/43) (P< 0·0001). Among 58 contacts in the three neighbourhood
bars, two TB cases were detected and the LTBI prevalence was 51·7% (30/58). Two children of one
secondary TB company patient became ill. Bars may be transmission locations for TB and, as they
are popular venues for social events, should be considered as potential areas of exposure.

Key words: Bar, cavitary tuberculosis, contact investigation, epidemiology, latent tuberculosis
infection.

INTRODUCTION

The estimated prevalence of infection among tubercu-
losis (TB) contacts in various studies is about 30% [1–4],
much higher than that of the general population. The
risk varies according to the characteristics of the index
case and the duration and intensity of the exposure [3,
4]. The biggest determinant is the finding of smear-
positive acid-fast bacilli (AFB) in respiratory

secretions from the index case, which are detected by
microscopic examination [2, 5]. Cavitary lesions, gen-
erally associated with diagnostic delay, also have a
higher volume and concentration of bacilli, which
increase transmission [1, 3].

The concentric circles technique is recommended in
investigations of contacts of TB patients, especially to
prove the dose–response relationship between the level
of exposure and the risk of latent tuberculosis infec-
tion (LTBI) [2]. It consists of beginning the investiga-
tion in the circle with the greatest exposure (persons
living with patients or equivalent) and continuing to
expand until a population group with no greater risk
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than the general population is reached [2, 3, 6]. To
apply the technique correctly, close cooperation with
the index case, in order to list all contacts, is required.
However, when the prevalence of infection is very
high and it is difficult to find an endpoint for testing,
or when investigations must be extended to complex
community environments, such as the customers of a
bar, a social network approach may be recommend-
able [7, 8].

The aims of contact investigation are to detect asso-
ciated cases, control sources of infection, reduce mor-
bidity by detecting and treating LTBI and preventing
future cases [9–11]. Fear of the stigma attached to the
illness is a barrier to the complete, in-depth investiga-
tion of contacts [12]. Bars are meeting points and
areas of social interaction in which contact investiga-
tions in TB cases are difficult [13, 14]. The inability
to identify and screen all at-risk contacts is one of
the main reasons for new TB outbreaks [15].

On 19March 2012, the Epidemiological Surveillance
Unit of Lleida (Spain) was notified of a case of pulmon-
ary TB. Lleida province is an area with 400 000 inhabi-
tants situated in the north-east of Spain, with a TB
incidence rate of 19·8 new cases per 105 people [16].
The patient was a 42-year-old non-immigrant male
with symptoms of coughing and weight loss for several
months. Examination showed bilateral lesions in the
pulmonary parenchyma with multiple disseminated
pseudonodular images with cavitary lesions in the
chest radiography. The AFB and sputum culture
were positive for Mycobacterium tuberculosis. The
patient identified two family contacts, but categorically
refused to identify other contacts in the business or
social areas. After several unsuccessful attempts to
obtain his cooperation over a 2-month period, the
Epidemiological Unit finally made contact with the
occupational health managers of the company where
the patient worked.

The purpose of the investigation was to describe a
high-transmission TB outbreak which occurred in bars
and had to be investigated by applying both a social net-
work approach and the concentric circles technique.

METHODS

We made a descriptive epidemiological study of the
prevalence of LTBI and the detection of newTBpatients
at the index patient’s workplace (company A), in the
neighbourhood bars he frequented, and at the company
where one of the secondary TB patients detected in the
neighbourhood bars worked (company B).

A visual inspection of the index patient’s workplace
and the company A bar were conducted. Given the
risk of transmission in the index patient’s workplace,
the occupational health service was contacted directly
and investigation of employees at greatest risk (first
circle) was recommended. A list of contacts was
drawn up for study. A very high prevalence of infec-
tion was observed among these company workers.
Therefore, five exposure circles were constructed in
accordance with the level of exposure, based on the
possibility of coinciding in the company bar (the
only space shared by workers from different sections
and shifts). The first circle consisted of employees
working in the same section on the afternoon shift,
where they were together with the patient on a daily
basis and at the same time in the company bar for a
period of about 30 min. The second circle included
employees in other sections who were also in contact
with the patient every day at the same time in the
bar. In the third circle, the study was extended to a
group of employees in other sections who went to
the bar every day, but after the index patient had
left. The fourth circle consisted of workers on the
morning and afternoon shifts who coincided with
the index patient in the bar on a weekly, but not
daily, basis. The fifth circle consisted of morning
shift workers who coincided sporadically (less than
weekly) with the index patient.

Further areas of exposure were studied via inspec-
tion and interviews with the index patient’s social net-
work and included three bars in the index patient’s
neighbourhood, the family members of all TB patients
and company B.

All contacts were informed and offered a tuberculin
skin test (TST) using the Mantoux method and PPD
RT 23 with Tween 80 of 2TU per 0·1 ml [17]. A posi-
tive test was defined as a case in which the diameter of
induration transverse to the long axis of the arm was
equal to or > 5 mm after 72 h [17]. BCG vaccine
scars were recorded. All contacts with a positive TST
were offered chest radiography, a medical appoint-
ment and treatment for LTBI or TB if indicated.

The variables of the contacts investigated were: age,
sex, place of exposure, country of origin (native or
immigrant), circle of exposure in the index case’s
workplace, previous positive TB reaction, history of
BCG vaccination, positive current tuberculin reaction,
diameter of induration in millimetres and recom-
mended LTBI treatment.

The following definitions were used: Household
contacts were persons living in the same household
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as a TB patient. Contacts were included in the ‘at
risk’ group for analysis if they had shared closed
spaces with the index patient, attended the screening
procedure and had not already been diagnosed with
TB prior to the screening. People at risk in the
neighbourhood bars were those who coincided
weekly with the index TB patient and were identified
by the bars’ owners; this at-risk group was the
denominator for estimating prevalence. Prevalent
cases of TB among screened contacts were defined
as previously-undiagnosed cases of TB among con-
tacts diagnosed during the baseline contact investi-
gation or within the first 6 months after diagnosis
of the index patient. A case of TB was defined as
bacteriologically confirmed TB (positive smear
microscopy or cultures) or clinically diagnosed TB
not fulfilling the criteria for bacteriological confi-
rmation but diagnosed as active TB by a clinician
who has decided to give the patient a full course of
TB treatment. This definition includes cases diag-
nosed on the basis of X-ray abnormalities [17, 18].
Contacts diagnosed with LTBI or TB prior to the
contact investigation were not considered prevalent
cases, as they could not be attributed to the contact
investigation.

The TST induration was described as the mean
size and standard deviation (SD). The relationship
between TST induration and the history of BCG vac-
cination was determined using an ANOVA test with a
significance level of P< 0·05.

The main frequency measure was the prevalence of
LTBI, and its association with sex, age group, immi-
gration history, place of exposure and circle was
determined using the odds ratio (OR) and 95% confi-
dence intervals (CI). The dose-response relationship
between the degree of exposure (circle) and the risk
of LTBI was determined using the chi-square (χ2)
test for linear trend with a significance level of P <
0·05. The adjusted OR (aOR) was estimated by multi-
variate analysis using conditional logistic regression.
The analysis according to sex, age group and immi-
gration history was adjusted using conditional logistic
regression. Covariates were introduced into the model
using a backward stepwise procedure, with a cut-off
point of P < 0·2. The EpiInfo v7 statistical program
was used.

As the study was undertaken as part of a public
health outbreak response and was an official outbreak
investigation, ethics approval was not required and
data collation was conducted under regulations cover-
ing information collection.

RESULTS

In total, 404 of the 414 registered contacts were tested
(97·6%). The average age was 38·1 years (±11·7) and
29·0% were female. Contacts were distributed accord-
ing to the following fields of exposure: 316 in the index
case’s workplace (company A), 58 in the three neigh-
bourhood bars, 18 relatives of cases and 12 at the sec-
ondary case’s workplace (company B).

The index case was detected on 19 March 2012.
Over the next 7 months, nine further cases were iden-
tified (Fig. 1). There was a diagnostic delay of more
than 6 months in identifying the index case (3 months
due to the patient’s reluctance to consult a doctor
and 3 months due to the doctor not considering
TB), who had cavitary lesions and a smear-positive
sputum test. The patient refused to identify at-risk
contacts. The second TB patient, who had pleural
TB, was a customer of the same neighbourhood
bars that the index case frequented and identified
three bars in the neighbourhood where the index
case often went. Five cases appeared in the company
where the index patient worked (prevalence 1·6%, 5/
316). Two children, aged 2 and 6 years, respectively,
of the fifth patient from company A also became ill
(prevalence between relatives of 11%, 2/18). A second
TB patient was identified among customers of the
neighbourhood bars (2·3%, 2/58) (Table 1). No TB
cases were detected in the secondary TB patient’s
workplace (0/12).

The global prevalence of infection among all con-
tacts identified was 55·4% (224/404). The mean reac-
tion to the TST was 18·2 mm (±8), and was very
similar in persons with BCG vaccination (18·2 ± 8)
and those without (18 ± 7·7) (P < 0·05). The preva-
lence in the different fields of exposure was 57·9%
(183/316) in the index case’s workplace; 51·7% (30/58)
in the three neighbourhood bars; 38·9% (7/18)
among relatives of the cases; and 33·3% (4/12) in the
secondary case’s workplace (Table 2).

Company A, where the index patient worked, is a
well-known agricultural business that exports differ-
ent kinds of sauces around Europe. The company
bar is a very crowded place measuring approximately
80 m2. Seventy-five workers coincided there for 30
min at break-times for each shift. The space was
poorly ventilated, especially in the winter months
when the main exposure occurred. Prevalence rates
of infection were very high, varying from 96% (24/
25) in the first circle to 46·5% (20/43) in the fifth cir-
cle. A dosage–response relationship was observed for
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LTBI according to the degree of exposure. The
prevalence of LTBI was higher in immigrant workers
(74·7%) than in native workers (52·7%), and this dif-
ference was similar in the five circles tested. Thus, the
risk determined by logistic regression adjusted by sex,
age and immigration history was much higher in the
first (aOR = 30·5), second (aOR = 3·6) and third
(aOR = 1·9) circles compared with the fifth circle
(chi-square test for linear trend = 25·1; P > 0·0001)
(Table 3).

DISCUSSION

An investigation of 404 persons at risk from a patient
with cavitary TB was carried out using a social net-
work approach and the concentric circles system.
Nine cases of TB were detected, with a high preva-
lence of LTBI (55·4%) and a dose-response effect
between persons at risk in the index case’s work-
place bar. The investigation was time consuming due
to a lack of cooperation from the index patient.
Nevertheless, as it resulted in the detection and treat-
ment of nine new cases of TB and 224 of LTBI, it was
considered effective.

The investigation had some particular features. The
index case showed the classic characteristics of cases
which generate large outbreaks of TB: a delay in diag-
nosis, cavitary lesions and AFB smear-positive spu-
tum [19]. There was also a relative delay in the study
of contacts due to the index case’s repeated refusal
to identify them [12, 20, 21]. Strategies to reduce the
stigma attached to TB and to improve interview

systems with patients should be considered in order
to prevent delays and make the investigation of con-
tacts more comprehensive [21]. One of the secondary
cases in the company caused two further cases in his
children, aged 2 and 6 years, which also underlines
how important it is to carry out investigations on a
forward-looking and thorough basis so as to avoid
transmission beyond the index case [19]. Two cases
were detected in customers of the neighbourhood
bars, showing that it is important to study these recre-
ational areas and extend the studies to patients’ social
networks [8, 13, 14].

The global prevalence of infection (55·4%) was
higher than that documented in other contact investi-
gations, which are generally about 30% [1, 2, 22]. The
prevalence was even higher in the first circle studied
(96%), with considerable exposure in the company
bar, and this warranted the investigation being
extended to other possible at-risk circles [3, 23].

The determining factor of the high prevalence was
the estimated delay of over 6 months in diagnosing
the index case. There was also a 2-month delay in
starting the contact investigation, given the index
case’s refusal to collaborate. The delay resulted in pro-
longed exposure to his contacts, as shown by other
investigations [19, 21]. As the TST was carried out
more than 2 months after the last exposure to the
index patients, it was not considered necessary to
repeat the test in negative-TST contacts [3].

Despite the practical difficulties, the results
obtained in the five circles constructed in the company
are consistent with the differing levels of prevalence of

Fig. 1. Epidemic curve of a tuberculosis outbreak in Lleida, Spain.
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the infection (96%, 73·6%, 58·9%, 48·2% and 46·5%).
The first circle of persons at risk included the work
contacts of patients who, due to the intensity of ex-
posure (hours and volume of shared air) can be
considered similar to cohabiting contacts. A visual
inspection of the workplace revealed a bar often vis-
ited by the index case, which was the only space
shared with other employees. We were thus able to
assess the risk of this space according to the number
of visits to the bar and the time shared with the
index case. Guidelines on contact investigations
expressly recommend the inspection and direct obser-
vation of places of exposure, particularly in outbreaks
[3], as they may provide very valuable information
which can be used to prioritise the contacts to be stud-
ied [2, 23]. In this way, we were able to estimate an
important dose–response relationship between the

time of exposure in the bar of company A and the
risk of LTBI as a criterion of transmission.
Nevertheless, other techniques such as the social net-
work approach should be recommended, especially
in venues with a high prevalence of LTBI and where
it may be difficult to identify everyone who may
have been exposed [8].

There is considerable evidence about the presence
of customers affected by TB in bars [13, 14, 24–27].
The investigation confirmed that the index patient
had spent an average of 6 h a week in three bars in
his neighbourhood. Through interviews with the
bars’ owners, 58 habitual customers were located
and their possible exposure evaluated. The global
prevalence of LTBI observed in customers of the
three bars (51·7%) was high and similar to that
observed in other investigations [13, 14, 24, 25]. Bars
are very popular establishments in Spain and should
be evaluated and, if possible, studied in contact inves-
tigations by applying a social network approach
where necessary.

We made great efforts to communicate with persons
at risk, and the companies and bars involved.
Communication must be timely, clear and transparent
[12], as it is a crucial way of obtaining an exhaustive
list of contacts and, subsequently, adequately investigat-
ing and monitoring all persons affected [12, 21, 28]. The
percentage of coverage of the investigation (97·6%)
must be considered positive [2, 29]. Treatment for

Table 2. Prevalence of tuberculosis (TB) infection in
different sites of exposure to a case of TB with cavitary
lesions, Lleida (Spain) (n = 404)

Groups
Prevalence of TB infection
% (n/N)

Company A 57·9 (183/316)
Bars in the neighbourhood 51·7 (30/58)
All family members 38·9 (7/18)
Company B 33·3 (4/12)

Table 1. Characteristics of patients in a tuberculosis outbreak in Lleida (Spain)

Case Age Sex Symptoms started Immigrant Chest X-ray Microbiology Treatment started Place of exposure

1 42 M 6-month delay No Cavitary Bk +
Culture +

19/3/12 Company A

2 50 M 12/5/12 No Abnormal
Non-cavitary

BK−
Culture−

14/6/12 Neighbourhood bar

3 32 F 25/6/12 No Abnormal
Non-cavitary

BK−
Culture−

27/6/12 Company A

4 33 M 27/6/12 No Abnormal
Non-cavitary

BK +
Culture +

27/6/12 Company A

5 34 M No symptoms No Abnormal
Non-cavitary

BK−
Culture +

10/7/12 Company A

6 40 M 3/6/12 Yes Cavitary BK +
Culture +

16/7/12 Company A

7 6 F No symptoms No Abnormal
Non-cavitary

BK −
Culture−

26/7/12 Home
Child case 6

8 2 F No symptoms No Abnormal
Non-cavitary

BK −
Culture −

26/7/12 Home
Child case 6

9 56 M 15/5/12 No Cavitary BK +
Culture +

24/8/12 Neighbourhood bar
Works for company B

10 33 F 7/11/12 No Abnormal
Non-cavitary

BK −
Culture −

7/11/12 Company A
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LTBI was recommended to 42·6% of the people studied
(171/401) and was completed by 82·5% (52/63) of those
who were provided with this information, which is simi-
lar to the results reported by other studies [9].

The investigation had some limitations. As the
laboratory did not retain the Mycobacterium tubercu-
losis culture, we could not genotype the strains and
were therefore unable to identify any unrelated
cases, although the probability of this was very low.
The list of contacts and the construction of the
persons-at-risk circles were prepared based on a visual
inspection of the areas of exposure and the interviews
held with the company owners, secondary cases and
bar owners. Some alarm was generated in these places,
and had to be addressed by specific efforts at commu-
nication. Due to these circumstances, some persons
may have been classified as having a higher risk
when in fact they had a lesser degree of exposure,
which could have helped to reduce the LTBI preva-
lence observed [13]. However, the prevalence observed
in the fifth contact circle was still very high. Some
positive TST may have been due to interference by
BCG vaccines, although the reactions to the TST
were very similar in persons vaccinated or not with
BCG (18·2 ± 8 vs. 18 ± 7·7). The TST reaction due
to the booster effect of BCG is around 5–10 mm,
and thus we believe most positive TST were due to

true infection. However, we could not rule out some
residual confounding effect of BCG, particularly
among immigrants [3]. There is no single criterion
that identifies contacts vaccinated with BCG as
infected and, in practice, different cut-off points
have been used [3, 30], showing how difficult it is to
determine the effect of BCG on the TST [30]. To
detect this effect, interferon-gamma release assays
should be used in these patients in order to detect
false positives and avoid unnecessary treatment [31].

The investigation has some implications. TB with
extensive cavitary lesions due to diagnostic delay
implies high transmission levels among contacts. To
ensure a comprehensive investigation, the risk popula-
tion’s circles should be expanded until low levels of
prevalence are found [1, 2]. This requires direct
cooperation from the index patient, the institutions
involved, and a visual inspection of the sites of expos-
ure [3, 21]. TB infection is still stigmatised [12, 21]
and, as a result, the index case may be unwilling to
cooperate in the contact investigation [21]. Strategies
should be identified to lessen the stigma associated
with TB and improve interview methods [12, 21].
Techniques such as the social network approach
should be recommended especially in locations
where it may be difficult to identify all persons
exposed [8].

Table 3. Variables associated with a tuberculosis (TB) outbreak in the bar of company A, Lleida (Spain) (n = 316)

Groups
Prevalence of TB
% (n/N) OR 95% CI aOR 95% CI

Sex
Male 60·6 (137/226) 1·5 0·9–2·5 1·4 0·8–2·4
Female 50·6 (45/89) 1·0 1·0

Age (years)
15–24 42·1 (8/19) 1·0 — 1·0 —

25–39 55·7 (93/167) 1·7 0·7–4·7 1·6 0·6–4·7
40–54 62·2 (74/119) 2·3 0·9–6·0 2·5 0·8–7·3
>54 75·0 (9/12) 4·1 0·8–20·3 5·7 1·1–30·7

Country of origin
Native 52·7 (127/241) 1·0 1·0
Immigrant 74·7 (56/75) 2·6 1·5–4·7 2·8 1·5–5·3

Contact circle*
First 96·0 (24/25) 27·6 3·4–222·7 30·5 3·7–249·6
Second 73·6 (39/53) 3·2 1·4–7·5 3·6 1·5–8·6
Third 58·9 (33/56) 1·7 0·7–3·7 1·9 0·8–4·4
Fourth 48·2 (67/139) 1·1 0·5–2·1 1·1 0·5–2·1
Fifth 46·5 (20/43) 1·0 1·0

Total 57·9 (183/316)

OR, odds ratio; CI, confidence intervals; aOR, adjusted odds ratio.
*χ2 of linear trend = 25·1; P> 0·0001 (contact circle).
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CONCLUSIONS

Bars, which may be transmission sites, are popular in
Spain, and should be considered as potential areas of
exposure in the case of cavitary TB among employees
and customers. Transmission in bars should be inves-
tigated by applying both the social network approach
and concentric circles techniques. The possible sense
of alarm generated in these cases should be addressed
by providing the affected groups with swift, complete
and transparent information.
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