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SUMMARY
A contact investigation following a case of infectious tuberculosis (TB) reported in a call centre in
Milan (Italy) led to the identiﬁcation of three additional cases that had occurred in employees of the
same workplace during the previous 5 years, one of whom was the probable source case. Thirty-three
latent infections were also identiﬁed. At the time of diagnosis, the source case, because of fear of
stigma related to TB, claimed to be unemployed and a contact investigation was not performed in the
workplace. Cases were linked through genotyping of Mycobacterium tuberculosis. TB stigma has been
described frequently, mainly in high-incidence settings, and is known to inﬂuence health-seeking
behaviours and treatment adherence. The ﬁndings in this report highlight that TB-associated stigma
may also lead to incomplete contact investigations. Little is known about the causes and impact of
TB-related stigma in low-incidence countries and this warrants further exploration. Research is also
needed to evaluate the effectiveness of speciﬁc interviewing techniques and training interventions for
staff in reducing feelings of stigma in TB patients. Finally, the outbreak emphasizes the importance of
integrating routine contact investigations with genotyping.
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I N T RO D U C T I O N
Tuberculosis (TB) is still a major public health problem worldwide, with varying incidences between countries. In Italy, the incidence of notiﬁed TB cases in the
last decade has constantly been below 10/100000
population, which is the threshold for deﬁnition of a
low-incidence country. The nationwide incidence
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rate in 2011 was 5·8/100000 population [1]. Central
and northern regions of Italy report higher incidences
compared to southern areas of the country, probably
due to undernotiﬁcation of cases in southern regions
and a greater proportion of foreign-born individuals
in northern regions [2]. Lombardy, a large region in
northern Italy, reported 11·7 cases/100000 population
in 2009 [3] and 8·8 cases/100000 population in 2011
(Lombardy Regional Health Authority, personal
communication). In the last decade, Milan, the largest
urban area in the region (1·6 million inhabitants), has
reported consistently higher incidences with respect to
the rest of the region (16·6/100000 population in 2011,
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N = 266) [4]. This is consistent with a recent European
study reporting higher TB notiﬁcation and incidence
rates in large metropolitan areas compared to nonurban areas [5].
TB control in Italy is based on timely diagnosis and
adequate treatment of cases, screening of persons in
high-risk groups and those in close contact with active
TB cases (contact investigations), treatment of latent
TB infection (LTBI) to prevent its progression to
active disease, monitoring of treatment outcomes of
active TB and LTBI cases, and vaccination of at-risk
healthcare workers and children who live in close
contact with a reported TB case [6].
Contact investigations are essential to identify secondary TB and LTBI cases at high risk of developing
the disease [7, 8]. Various international, national and
local guidelines for conducting contact investigations
have been issued [6–7, 9, 10] which generally recommend the concentric circles approach for identifying contacts of infectious cases.
Incomplete investigations that do not allow for the
identiﬁcation and screening of all contacts at risk are
one of the factors responsible for new outbreaks
[11]. In a review of TB contact investigations in the
USA from 2002 to 2008, an incomplete contact investigation was listed as the second most common contributing factor to TB outbreaks [11].
The aim of this study was to describe a workplace
outbreak of TB in the city of Milan, caused by an incomplete contact investigation conducted 5 years
previously.

METHODS
In December 2011, a hospitalized case of culturepositive pulmonary TB with cavitary involvement
was reported to the local health authorities in Milan
(Italy) and a contact investigation was initiated by
the health department. The investigation was part of
a routine public health response to a TB outbreak in
a work environment and did not require ethics committee approval.
The traditional concentric circles approach was
used, in accordance with national and regional protocols [6, 9]. This approach consists in systematically
testing household, work/school, and leisure/recreation
contacts according to the degree of exposure to the
source case in the 3 months preceding the onset of
symptoms. Close contacts (circle 1) are tested ﬁrst
and the contact investigation is expanded to regular
(circle 2) and occasional (circle 3) contacts if there is

evidence of recent transmission of infection (i.e. if
the observed group prevalence of infection is higher
than that in the local community). Contacts are
screened by clinical examination and tuberculin skin
testing (TST) using the Mantoux method. A positive
TST result is deﬁned as induration of 55 mm in
contacts of circles 1 and 2 or as induration of 510
mm in contacts of circle 3. Contacts with a positive
TST undergo further evaluation at the regional TB
reference centre, by chest X-ray, pulmonary assessment and, in some cases (e.g. in the case of previous
bacillus Calmette–Guérin vaccination), an interferon
gamma release assay as a conﬁrmatory test. If a diagnosis of active TB is ruled out, subjects are prescribed
chemoprophylaxis with isoniazid for 6 months, as
recommended by national and international guidelines [6, 12].
Since 2012, genotyping in Lombardy has been conducted routinely by a regional reference laboratory, on
all isolates identiﬁed as Mycobacterium tuberculosis,
using 24-loci mycobacterial interspersed repetitive
units of variable numbers of tandem repeats
(MIRU-VNTR) [13]. Results are collected in a regional databank and compared with other sequences
present in the database.

R E S ULTS
The index case (case 1) was a 39-year-old Italian
female with no known contact with a TB case. She
was a 20 pack-year smoker and reported having a productive cough for the previous 4 months. Sputum
smear, bronchial aspirate cultures and polymerase
chain reaction were all positive for M. tuberculosis.
Sixteen family contacts and 11 other contacts were
tested, of whom two (12·5%) and zero, respectively,
were TST positive (Table 1).
The patient had been employed for over 20 years as
the manager of a call centre in Milan where about 156
operators worked in 4-, 6- or 8-h shifts. The work
environment consisted of an open space of about
450 m2 located on a single ﬂoor, naturally illuminated
by many windows and equipped with air conditioning
(Fig. 1). Besides using her own ofﬁce where she held
daily meetings (Fig. 1, circle 1), the index case also
spent time near one of the work stations (Fig. 1, circle
2). Initially, 49 work contacts [33 in circle 1 (close
contacts) and 16 in circle 2 (regular contacts)], were
tested, of whom eight (24·2%) and one (6·2%), respectively, had a positive TST (Table 1). No active TB cases
were identiﬁed. However, during the investigation it
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Table 1. Demographic, clinical and laboratory characteristics of tuberculosis cases reported in a call centre in Milan
(Italy) over a 5-year period, and results of contact investigations performed
Contacts tested
No.

Sex, age
(years)

Date of
symptom onset

Date of
report

Laboratory and other
investigations

1*

F, 39

August 2011

December
2011

Clinical exam +
Chest X-ray +
Smear +
Culture +
PCR +

2

F, 26

October 2009

April 2010

Clinical exam +
Chest X-ray +
Smear −
Culture +
PCR +
TST −

3†

F, 40

July 2007

August 2007

Clinical exam +
Chest X-ray +
Smear +
Culture +

4

M, 32

April 2006

May 2006

Clinical exam +
Chest X-ray −
Smear −
Culture −
TST +

Total

Type of contact

No. of
latent
No. infections

Close (family and other)
Close (work)
Regular (family)
Regular (work)
Occasional (work)
Occasional (other)
Total
Close (family)
Regular (work)
Occasional (other)

2
33
16
16
107
9
183
3
16
4

0
8
2
1
21
0
32
1
3
0

Total
Close (family)

23
4

4
3

Total
Contact investigation
not performed
(non-contagious,
case)

4
0

3
0

Total

0
210

0
39
(18·6%)

Polymerase chain reaction (PCR) test used: Gene Xpert.
* Index case.
† Source case.
+, Positive; –, negative.

was discovered that a case of pulmonary TB (case 2)
had been reported in the call centre 20 months previously (in April 2010), in an Italian 26-year-old female
employed by the call centre since 2005 (Table 1). Case
2, a smoker, had been diagnosed with TB after a
6-month period of weight loss and night sweats.
Although a contact investigation had been conducted
at the time of diagnosis (Table 1, Fig. 2), the investigation had not been extended beyond close work contacts because of the low contagiousness of the case
(negative sputum smear) and because the patient had
a limited number of contacts as she worked at a single
work station.
M. tuberculosis isolates from cases 1 and 2 belonged
to the Latin American-Mediterranean (LAM) family
and showed identical MIRU-VNTR patterns
(Fig. 3). In view of the linkage between the two

cases, the work setting (consisting of many work stations in a restricted space) and the high rate of transmission in contacts tested, the contact investigation
was expanded by testing the 107 remaining workers.
Overall, 30 (19·2%) of 156 workplace contacts had a
positive TST (Fig. 2).
The expanded contact investigation revealed that
two additional TB cases had occurred in employees
in August 2007 (case 3) and May 2006 (case 4), respectively (Table 1). Case 3 was a case of pulmonary
TB in a 40-year-old Italian female with a positive family history of disease, hospitalized for a worsening
cough that had started in the previous month
(Table 1). The patient’s father had been diagnosed
with TB in 1998 but she had not been screened because she was not considered to be at high risk. At
the time of admission, the woman had been employed
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Fig. 1. Layout of the call centre in Milan (Italy) where four tuberculosis cases were reported over a 5-year period (2006–
2011) showing areas used by close (circle 1) and regular (circle 2) workplace contacts of the index case (case 1). N.TST+,
N (%) of co-workers tested with a positive TST.

Fig. 2. Chronological description of the hypothetical relationship between tuberculosis cases in a call centre in Milan
(Italy) from 2006 to 2011; epidemiological and genotype links identiﬁed between cases, number and percentage of
workplace contacts investigated for each case and number of latent tuberculosis infection cases diagnosed. N.CT, Number
of co-workers tested; N.TST+, Number of positive TST results; * link established by genotyping; ** epidemiological link.
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Fig. 3. 24-locus mycobacterial interspersed repetitive units of variable numbers of tandem repeats (MIRU-VNTR) results
for M. tuberculosis isolates (Latin American-Mediterranean family) from cases of a tuberculosis outbreak in a call centre
in Milan (Italy), 2006–2011. n.d., Not determined.

by the call centre since January 2005, but she had
claimed to be unemployed so the contact investigation
was restricted to family members (Table 1). Genotype
testing was performed and the identiﬁed LAM strain
displayed a MIRU-VNTR pattern, covering 22 of
24 loci, identical to that of isolates from the ﬁrst two
cases (Fig. 3). Due to technical problems, it was not
possible to identify two MIRU-VNTR loci; nevertheless, given the strong epidemiological link between the
three cases, the strain was considered to be genotypically identical to the strains identiﬁed in isolates
from cases 1 and 2. Case 4 (Table 1) was a case of
extrapulmonary TB affecting peripheral lymph
nodes in a 32-year-old Italian male with no risk factors for TB, employed by the call centre since 2004.
He had a negative sputum culture and was therefore
considered to be non-contagious so a contact investigation was not indicated at that time.
Figure 2 shows the hypothetical relationship between TB cases in the call centre, epidemiological
and genotype links identiﬁed between cases, number
and percentage of workplace contacts investigated
for each case and number of LTBI cases diagnosed.
Antibiotic susceptibility testing of all culturepositive TB cases revealed susceptibility to ﬁrst-line
TB drugs and all completed treatment. Follow-up of
cases was completed in 2014. None of the LTBI
cases developed active disease.

D I S C US S IO N
The described outbreak involved three cases of active
pulmonary TB and 33 cases of latent infection that occurred in the same workplace over a 5-year period.
Case 3, diagnosed in 2007, was the probable source

of the outbreak. There was a high overall rate of transmission of infection in the workplace, with 19% of
contacts tested found to have LTBI.
Few workplace TB outbreaks are reported in the international literature [14–16] and none from Italy,
where reported outbreaks have involved mainly
schools [17, 18]. Reported transmission rates are variable, ranging from 8·5% to 51% of workplace contacts
being diagnosed with a latent infection [14–16].
However, it is difﬁcult to compare attack rates between outbreaks that have occurred in settings with
different environmental characteristics and a different
likelihood of transmission of infection.
The most likely cause of the present outbreak was
the failure to perform a complete contact investigation
after the probable source case (case 3) was reported in
2007. It is very likely that the outbreak originated
from this case who then transmitted the infection to
two co-workers (cases 1 and 2) whose infection progressed to active disease in 2010 and 2011, respectively. MIRU-VNTR typing of the outbreak isolates
yielded identical patterns, conﬁrming the existence of
a link between the three cases and transmission in
the workplace. LAM lineage strains are relatively frequent in Lombardy and represent 12% of isolates from
2013, of which 50% are from foreign-born cases [19].
This is in accordance with data reported from another
Italian region [20]. However, no other M. tuberculosis
isolates displaying the speciﬁc MIRU-VNTR proﬁle
of the present cluster were identiﬁed in the regional
database.
With regards to LTBI cases, no additional risk factors for TB, such as previous history of TB or signiﬁcant contact outside the workplace were identiﬁed
during contact investigation. Epidemiological data
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indicate that these cases are all likely to have been
infected in the workplace.
Cases 1 and 2 had failed to be identiﬁed at the time
that the source patient (case 3) was diagnosed because
case 3 did not disclose information about her work
contacts for fear of stigma related to a diagnosis of
TB. In particular, she was concerned that her temporary contract with the call centre, due to end in the
forthcoming months, might not be renewed if it became known that she had TB.
Failure to be identiﬁed as a contact was identiﬁed as
the primary reason for disease development in 54% of
case patients in one US study [21]. Other studies have
shown similar results, with epidemiological links identiﬁed in only a small percentage of case patients with
the same M. tuberculosis strain [21].
TB-related stigma has been frequently described,
mainly in low-income countries with a high prevalence
of disease, and is due to the association of TB with
poverty, low social class, malnutrition, HIV, or
alcohol and drug abuse [22–24]. Shame, isolation
and fear are the main themes that emerge in studies
assessing the stigma of TB. These can have a negative
impact on patients and their families and may lead
them to conceal their disease [24]. Cultural variations
have been described with respect to knowledge, attitudes and health responses to TB and the potential
for stigma [25]. However, little is known about the impact and causes of TB-related stigma in low-incidence
countries and this needs to be explored further [26].
TB-related stigma has major implications on the
efﬁcacy of TB control programmes because it is a barrier to seeking treatment and a cause of social suffering, leading to diagnostic delays and non-adherence to
treatment [22–30]. The present outbreak highlights
that stigma may also lead to the incomplete identiﬁcation of contacts of infectious TB cases if patients
do not disclose information about their contacts.
Precarity and job insecurity are factors which played
an important role in this outbreak. It is known that
socioeconomically disadvantaged populations are
more prevalent in many big cities, inside and outside
the European Union [5]. Although we found no supporting evidence in the literature, it is plausible to assume that, in low-incidence countries, these factors
may contribute more frequently to fear of stigma
and discrimination in metropolitan areas, compared
with rural areas.
There is little published research on the effectiveness of stigma reduction strategies [26, 31]. A promising approach, in regions where TB stigma is common,

seems to be helping TB patients resist stigma, especially through TB groups [26, 30]. Educational
interventions regarding TB transmission routes,
aimed at the community and patients, have
also been proposed but additional research is needed
[24, 26]. According to some authors, it would be useful to assess whether interventions known to reduce
HIV/AIDS stigma have any effect on TB diagnosis
and treatment [26].
Establishing trust and rapport between public
health workers and patients is critical to gain full
information from infectious cases during contact
investigations. However, current national and international guidelines generally lack guidance for staff
involved in TB control on how to establish rapport
with cases during individual interviews. Some guidelines do highlight the importance of periodic
on-the-job training for staff who conduct interviews
[7]. However, no speciﬁc interviewing techniques
have been described in the literature, and no training
interventions for interviewers have been shown, in
studies, to decrease feelings of stigma in TB patients
interviewed. This is an area of research that should
be addressed.
Considering the limits of traditional contact investigations, especially in high-risk groups such as the
homeless or illegal immigrants, and also in other
situations such as that described in the present outbreak, genotyping of all M. tuberculosis isolates and
collection of results in a centralized database, as is
being done in Lombardy, are fundamental for linking
cases and conﬁrming suspected chains of transmission
[13, 32]. In addition, new approaches, such as the
use of social network analysis and geographical information systems, are also being used increasingly [33].
The ﬁndings in this report are subject to the following limitations. First, because part of the investigation
was conducted retrospectively and covered a long time
period, it proved difﬁcult to completely and accurately
reconstruct outbreak transmission dynamics. For
example, it was not possible to link case 4, who was
non-contagious, to the other outbreak cases, as no
M. tuberculosis isolates were available for this case,
and we were unable to determine if case 4 had been
infected in the workplace. Second, baseline TST information was not available for most contacts identiﬁed,
thus limiting the ability to deﬁnitively attribute many
LTBI cases to the workplace outbreak. However,
DNA ﬁngerprinting conﬁrms that TB transmission
occurred in the call centre and demographic and
epidemiological data regarding LTBI cases indicate
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that they are all likely to have acquired the infection in
the workplace. Third, genotyping in the Lombardy region has been performed on all culture-positive cases
only since 2010, meaning that isolates from the source
case (2007) were only examined years later, during the
outbreak investigation of 2011. As a result, it was not
possible to verify whether strains with the same genetic proﬁle were circulating in the region at the time
the source case was diagnosed.
In conclusion, the described outbreak highlights
how TB-related stigma may lead to incomplete contact tracing and negatively inﬂuence the efﬁcacy of
TB control even in low-incidence countries.
Research is needed on the causes and impact of
TB-related stigma in such settings. The outbreak
also highlights the need for training in effective interviewing skills for staff involved in TB control and
emphasizes the importance of integrating routine
contact investigations with genotyping and other
methods.
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