
Migration from low- and middle-income countries to 
high-income countries increasingly determines the severity 
of tuberculosis (TB) cases in the adopted country. Socially 
marginalized groups, about whom little is known, may ac-
count for a reservoir of TB among the immigrant popula-
tions. We investigated the rates of and risk factors for Myco-
bacterium tuberculosis transmission, infection, and disease 
in a cohort of 27,358 socially marginalized immigrants who 
were systematically screened (1991–2010) in an area of 
Italy with low TB incidence. Overall TB and latent TB in-
fection prevalence and annual tuberculin skin testing con-
version rates (i.e., incidence of new infection) were 2.7%, 
34.6%, and 1.7%, respectively. Prevalence of both TB and 
latent TB infection and incidence of infection increased as 
a function of the estimated TB incidence in the immigrants’ 
countries of origin. Annual infection incidence decreased 
with time elapsed since immigration. These findings have 
implications for control policy and immigrant screening in 
countries with a low prevalence of TB.

Migration from low/middle income countries with high 
tuberculosis (TB) incidence increasingly accounts 

for most TB cases in high-income countries with low TB 
incidence; the greatest risk for active TB is within the first 
few years of arrival (1–4). Screening for active pulmonary 
TB when documented immigrants enter a new country has 
found ≈3.5 cases per 1,000 documented immigrants (5,6). 
The prevalence of smear-negative cases of TB reported 

for US-bound immigrants and refugees was 9.6 cases per 
1,000 persons (7).

In countries with low incidence of TB, vulnerable pop-
ulations, such as persons living in prisons (8) and shelters 
(9) and hard-to-reach populations (10–13), are at high risk 
for TB (3). Marginalized immigrants have the combined 
risk of coming from countries with high incidence of TB 
and being vulnerable because of their relegated social posi-
tion in countries of destination (14). Recent evidence sug-
gests that the distribution of latent TB infection (LTBI) and 
TB among immigrants is uneven. LTBI prevalence among 
recent immigrants to the United Kingdom increased as a 
function of TB incidence in the country of origin (15). In 
high-income countries, refugees, asylum seekers, and im-
migrants, who were screened for TB when entering the new 
country, had 11.9, 2.7, and 2.8 cases of TB/1,000 persons, 
respectively (5).

Among easy-to-reach immigrants, LTBI prevalence 
is around 40%, measured by tuberculin skin test (TST) 
(16,17), and 15%–19%, measured by interferon-γ release 
assays (IGRAs) (11,16). The largest study assessing TST 
results enrolled <1,000 undocumented immigrants (17); the 
studies that used IGRAs recruited no more than 125 un-
documented immigrants (11,16). Estimates of prevalence 
of active TB among undocumented immigrants (range 
0.0065%–1.6%) are based on <10 cases in each study 
(11,16). No data have been published on incidence of in-
fection, the key indicator of Mycobacterium tuberculosis 
transmission, among socially marginalized immigrants. 
Knowledge of these parameters among socially marginal-
ized groups could inform control strategies for TB in coun-
tries in which TB incidence is low.
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We estimated the prevalence of and risk factors for active 
TB and LTBI, as well as the incidence of infection, among so-
cially marginalized immigrants in an area of western Europe 
where incidence of TB is low. The study was conducted at the 
Regional Reference Centre for Tuberculosis Prevention in Tu-
rin, Italy. The estimated TB incidence during the study period, 
1991–2010, was relatively stable (≈20 cases/100,000 per-
sons), and in 2010, an increasing proportion of cases (»70%) 
occurred among foreign-born persons (18–20).

Methods

Study Population
The immigrant population was recruited through a 

screening program designed to complement the National 
Health Service routine program to detect LTBI and TB in 
the general population, i.e., passive case finding and con-
tact tracing of patients with active TB. The screening pro-
gram was set up to systematically identify and test local 
persons and immigrants regardless of their documented 
status, as a mandatory prerequisite to access public and pri-
vate health and social care facilities in Turin, such as shel-
ters, canteens, charity-run outpatient clinics. According to 
national recommendations (21), these persons were tested 
for LTBI and, if clinically suspected, for active pulmonary 
TB. Because the social group is less likely to be detected 
through passive case finding and contact tracing, we de-
fined this group of persons as a socially marginalized popu-
lation. This population is usually made up of the homeless, 
drug abusers, and former prisoners and is recognized by the 
European Centre for Disease Prevention and Control as a 
group of persons who are particularly difficult to find and 
test and treat for LTBI and active TB (22).

Details of the screening procedures were reported 
elsewhere (17). In brief, LTBI was diagnosed by means of 
a TST performed by using intradermal injection of PPD-
5IU (Biocine Sclavo, Siena, Italy). If active pulmonary 
TB was suspected, chest radiography was performed at 
the first consultation. Patients were then asked to return 
for a second consultation at which the TST result would 
be read and chest radiography performed for those with a 
positive TST result (i.e., induration diameter at least 10 
mm). Patients with suspect TB on the basis of a chest ra-
diograph were further tested by smear examination and 
culture. All patients with suspected TB who were capable 
of producing sputum had at least 3 sputum specimens sub-
mitted for microscopic examination for acid-fast bacilli 
detection and culture. Since 1988, the culture methods 
used were BACTEC radiometric blood culture system 
(Johnston Laboratories, Inc., Towson, MD, USA) and 
after 1998, MGIT 960 (Becton Dickinson Diagnostic 
Instrument Systems, Sparks, MD, USA) and confirmed 
by growth on conventional Lowenstein-Jensen media. 

Finally, patients with a TB diagnosis were treated with 
standard short-course chemotherapy, whereas patients 
with no abnormalities on chest radiographs and positive 
TST results were offered preventive treatment (23). Pa-
tients who moved into or transferred between social care 
facilities were rescreened. Regional TB surveillance pro-
grams provided quality assurance and regular training of 
screening personnel (24). No patients with known contact 
with a person with active TB were included in the analy-
sis. We have analyzed the data collected during January 
1991–December 2010. The set information included in 
the analyzed dataset is reported in the online Technical 
Appendix (online Technical Appendix, wwwnc.cdc.gov/
EID/article/19/9/12-0200-Techapp1.pdf ,Table 1).

The geographic origin of each patient was catego-
rized according to TB incidence data from the World 
Health Organization (WHO). In particular, each patient 
was assigned to one of the following categories: very low 
incidence (<25 annual cases/105 population), low inci-
dence (25–49 annual cases/105 population), intermediate 
incidence (50–99 annual cases/105 population), high in-
cidence (100–299 annual cases/105 population), and very 
high incidence (>300 cases/105 population). The estimat-
ed annual incidence for each country at specific year of 
immigration was obtained from the WHO Global Atlas 
(25). If data relative to the specific year of immigration 
were not available, we considered the closest available 
year. For the annual incidence of active TB in the former 
Soviet Union, before 1995, we used the estimates report-
ed by WHO (26).

Case Definitions
Cases of active pulmonary TB were defined accord-

ing to WHO and International Union Against Tuberculo-
sis and Lung Disease recommendations (23). Cases were 
defined as microbiologically confirmed or “definite cases” 
(i.e., sputum smear examination positive for acid-fast ba-
cilli or culture positive for M. tuberculosis complex) and 
“other than definite” cases (i.e., with negative smear spu-
tum and missing or without culture examination but with 
radiographic and/or clinical picture consistent with TB). 
TB cases diagnosed at first visit were considered as preva-
lent cases. Patients with cutaneous induration of at least 
10 mm diameter at 48–72 hours after TST inoculation, 
normal chest radiographs, and absence of symptoms were 
considered to have prevalent cases of LTBI, regardless 
of bacillus Calmette–Guérin (BCG) vaccination history. 
We considered alternative methods of interpreting TST 
results (27), but given the highly heterogeneous nature of 
our population in terms of geographic origin (>100 coun-
tries), the predominance of prior BCG vaccination, and the 
need for a well-defined TST cutoff for clinical decision-
making, we adopted the above cutoff as recommended  
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by national (21) and international guidelines (28). Finally, 
incident LTBI was defined as TST conversion in the ab-
sence of active TB; TST conversion was defined as an in-
crease of at least 10 mm from the previous negative TST 
result in accordance with national (21) and international 
guidelines (29).

Statistical Analysis
We describe the crude distribution of prevalent and in-

cident LTBI cases and prevalent active pulmonary TB cases 
by using the following variables: sex, estimated annual TB 
incidence rate in the country of origin of the immigrants, age 
at first test, age at immigration, and year of immigration. The 
95% CIs of LTBI and TB prevalence were calculated by as-
suming a binomial distribution of the prevalent cases and a 
Poisson distribution of the LTBI incident cases.

To assess the role of selected determinants on the risk 
for LTBI and TB occurrence, we performed both univari-
ate and multiple regression analyses. In particular, using 
logistic models we tested the mutually adjusted effect of 
sex, estimated annual TB incidence rate in the country of 

origin of the immigrants, and age at test and time elapsed 
since immigration as determinants of LTBI and TB preva-
lence. Incidence of M. tuberculosis infection was estimated 
for immigrants who had had a second TST performed and 
read at least 1 year after the initial TST; each of these im-
migrants whose TST result converted from negative to 
positive was deemed to have acquired infection during the 
time between the TSTs. Finally, we tested the interaction 
between sex and the other model covariates.

Results
From 1991 through 2010, a total of 27,358 socially 

marginalized immigrants who attended the screening pro-
gram in Turin were considered at risk for active pulmonary 
TB. A total of 804 cases of TB (557 [69%] definite cases and 
247 [31%] other than definite cases) were identified through 
the screening program, 744 (93%) of which were diagnosed 
at first visit. The prevalence of LTBI and incidence of TB 
among the remaining 26,554 immigrants who did not previ-
ously have TB were estimated with at least 1 and 2 valid 
screening examinations, respectively, (Figure 1).
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Table 1. Descriptive characteristics of socially marginalized immigrants investigated, Italy* 
Variable, group No. (%) 
TB incidence rate in the country of origin of the immigrants, (x 105 person-years) 
 <25 679 (2.5) 
 25–49 3,500 (12.8) 
 50–99 1,668 (6.1) 
 100–299 20,050 (73.3) 
 >300 1,461 (5.3) 
Age at test  
 <20 2,500 (9.1) 
 20–29 10,705 (39.1) 
 30–39 8,659 (31.7) 
 >40 4,938 (18.0) 
 Missing 556 (2.0) 
Age at immigration   
 <20 3,416 (12.5) 
 20–29 12,415 (45.4) 
 30–39 6,318 (23.1) 
 >40 4,778 (17.5) 
 Missing 431 (1.6) 
Sex  
 F 11,116 (40.6) 
 M 16,242 (59.4) 
Year of immigration  
 <1990 1,978 (7.2) 
 1990–1994 5,121 (18.7) 
 1995–1999 8,206 (30) 
 2000–2004 8,911 (32.6) 
 2005–2010 2,092 (7.6) 
Year of first testing  
 1991–1994 2,040 (7.5) 
 1995–1999   10,783 (39.4)  
 2000–2004 11,400 (41.7) 
 2005–2010 3,055 (11.2) 
First TST within  
 2 y 60.4 (59.8–61) 
 5 y 81.9 (81.4–82.3) 
 10 y 95 (94.8–95.3) 
*TB, tuberculosis; TST, tuberculin skin test. Given missing data the totals do not always sum up to 100%. 
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Table 1 summarizes the main characteristics of the 
study population. Nearly 60% of the socially marginal-
ized immigrants screened were men (n = 16,242), and 
75% (n = 20,050 [73.3%]) were from countries with a 
high estimated annual incidence of TB (i.e., 100–299 
cases/100,000 population); nearly 70% of the immigrants 
were 20–40 years of age at the time of immigration and 
screening. More than 80% entered Italy and were tested 
before 2005. The cumulative fraction of immigrants tested 
was 60%, 82%, and 95%, within 2, 5, and 10 years since 
immigration, respectively. Finally, the median interval 
between first and second TSTs for socially marginalized 
immigrants who had 2 TSTs and whose 1st TST result 
was negative was 5.6 years (interquartile range 2.9–8.6); 
for 143 immigrants, the interval was >1 year. Further de-
tails about the geographic origin of the immigrants can be 
found in the online appendix (online Technical Appendix, 
Table 2).

The distribution of TB and LTBI cases and TST con-
versions by sex, age at testing, and incidence rate of TB 
in the country of origin of the immigrants is reported in 
Table 2 along with crude estimates (and 95% CIs) of TB 
prevalence, LTBI prevalence, and infection incidence 
rates. The overall prevalence of active pulmonary TB was 
2.7% (2.5%–2.9%), LTBI prevalence at first TST was 
34.6% (34.0%–35.1%), and annual infection incidence 
was 1.7% (1.4%–2.1%). The prevalence of TB and LTBI 
among men was higher than that among women, 3.0% 
(2.8%–3.3%) vs. 2.3 (2.0%–2.6%) and 35.1% (34.4% 
–35.9%) vs. 3.8% (32.9%–34.7%), respectively (Table 2). 
However, the difference in infection incidence between 
men and women was not statistically significant, 1.6% 
(1.2%- 2.1%) and 1.9% (1.4–2.5%), p = 0.5, respectively 

(Table 2). As expected, the prevalence of TB and LTBI in-
creased as a function of age at the time of testing, whereas 
the infection incidence rates did not appear to be affected 
by age at the time of testing. Finally, the overall distribu-
tion of the TB and LTBI cases suggests that TB and LTBI 
prevalence and infection incidence rates increased as a 
function of TB incidence rate in the country of origin of 
the immigrants (Figure 2). We have provided additional 
tables showing microbiologically confirmed cases of TB 
(online Technical Appendix, Tables 4 and 5).

The crude and adjusted effects of sex, estimated TB 
incidence rate in the country of origin of the immigrants, 
age at testing, and time elapsed since immigration on TB 
and LTBI prevalence and TST conversion are reported in 
the online Technical Appendix, Table 3, and Table 3 in 
this article. The odds ratio for TB and LTBI and the inci-
dence rate ratio for TST conversion increased as a func-
tion of TB incidence rate in the country of origin of the 
immigrants (Figure 3, panel A). In particular, considering 
immigrants from countries with an estimated TB inci-
dence of <25 cases/105population as a reference category, 
the odds ratio for TB reached a plateau, ranging from 4.6 
to 5.3, as the estimated TB incidence rate in the country 
of origin of the immigrants was >50 TB cases/105 popula-
tion (Table 3). The odds ratio for LTBI prevalence in im-
migrants from countries with an incidence in the country 
of origin >25 annual cases/105 person-years was higher 
than that observed in the reference category, although no 
specific patterns could be identified (Table 3). The esti-
mated TB incidence rate in the country of origin of the 
immigrants displayed a linear effect on the incidence rate 
ratio for LTBI conversion with an incidence rate ratio of 
1.2 (1.1–1.4) for an increase of 50 cases/105 person-years; 
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such an effect was not discernible when the categorical 
definition of estimated TB incidence was used (Figure 3, 
upper panel). As observed for crude estimates reported in 
Table 2, men were at a higher risk than women for TB and 
LTBI (odds ratio 1.5 [1.3–1.8] and 1.1 [1.0–1.2], respec-
tively); this difference disappeared when the incidence 
rate ratio for infection incidence (0.9 [0.6–1.3]) was con-
sidered. Similarly, age at testing displayed a linear and 
more than linear effect on the risk for TB and LTBI, re-
spectively, whereas it did not show any effect on the LTBI 
conversion rates. The risk for TB and LTBI and TST con-
version rate did not change and increased and decreased 
as a function of time elapsed since immigration (Figure 3, 
panel B). No interaction between sex and the other model 
covariates was observed.

Discussion
Our study shows that socially marginalized immi-

grant populations as a whole may act as a reservoir for  
M. tuberculosis. In particular, the number of cases of TB 
and LTBI among socially marginalized immigrants, as 

measured through prevalence, was much higher than that 
reported among other immigrants or socially marginalized 
subgroups (5,6,10,12). Furthermore, the estimated TST 
conversion rates indicate that considerable M. tuberculosis 
transmission is occurring among socially marginalized im-
migrants in their adopted countries.

The estimated prevalence of active TB cases (2.7%), 
69% of which were microbiologically confirmed (online 
Technical Appendix, Table 4), is considerably higher than 
the estimated incidence rates among in the general popu-
lation in the respective different countries of origin. This 
finding may reflect demographic and socioeconomic dif-
ferences between socially marginalized immigrants and 
the general population in the countries of origin, such as 
age distribution and the poor social and living conditions 
of socially marginalized immigrants. Undocumented im-
migrants may also be less likely to seek medical attention. 
The estimated TB prevalence is higher than that found 
when screening for active pulmonary TB among refugees 
at entry into the new country (1.2%) (5). The prevalence 
of microbiologically confirmed cases (1.8%) is also higher  
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Table 2. Distribution and prevalence/rate of TB and LTBI cases and LTBI conversions* 

Variable 

TB 

 

LTBI 
No. cases/ 

population at risk 
Prevalence, % 

(95% CI) 
No. cases/ 

population at risk 
Prevalence, % 

(95% CI) 
No. cases/ 
p-y at risk 

Conversion rates, 
% (95% CI) 

Total 744/27,358 2.7 (2.5–2.9)  9,180/26,554 34.6 (34.0–35.1) 90/5,241 1.7 (1.4–2.1) 
Sex        
 F 254/11,116 2.3 (2.0–2.6)  3,663/10,849 33.8 (32.9–34.7) 46/2,462 1.9 (1.4–2.5) 
 M 490/16,242 3.0 (2.8–3.3)  5,517/15,705 35.1 (34.4–35.9) 44/2,777 1.6 (1.2–2.1) 
Age, y, at test        
 <20 30/2,498 1.2 (0.8–1.7)  405/2,465 16.4 (15.0–17.9) 4/245 1.6 (0.1–4.3) 
 20–29 190/10,705 1.8 (1.5–2.0)  3,163/10,500 30.1 (29.2–31.0) 26/1,436 1.8 (1.2–2.7) 
 30–39 253/8,659 2.9 (2.6–3.3)  3,480/8,382 41.5 (40.5- 42.6) 41/2,301 1.8 (1.3–2.4) 
 >40 271/5,414 5.0 (4.4–5.6)  1,889/4,671 40.4 (39.0–41.9) 19/1,258 1.5 (1.0–2.4) 
TB incidence (cases/105 p-y) in immigrant’s country of origin    
 <25 4/679 0.6 (0.2–1. 6)  111/674 16.5 (13.9–19.5) 1/74 1.3 (0.2–9.6) 
 25–49 56/3,500 1.6 (1.2–2.1)  1,008/3,440 29.3 (27.8–30.8) 6/814 0.7 (0.3–1.6) 
 50–99 48/1,668 2.9 (2.2–3.8)  407/1,615 25.2 (23.1–27.4) 3/311 1.0 (0.3–3.0) 
 100–299 602/20,050 3.0 (2.8–3.2)  7,196/19,400 37.1 (36.4–37.8) 74/3,764 2.0 (1.6–2.5) 
 >300 34/1,461 2.3 (1.7–3.2)  458/1,425 32.1 (29.8–34.6) 6/278 2.1 (1.0–4.8) 
*TB, tuberculosis; LTBI, latent TB infection; p-y, person years. 

 
 

Figure 2. TB and LTBI among socially marginalized immigrants in an area of Italy where incidence of TB is low, by tuberculosis incidence 
rate in their country of origin, 1991–2010. A) TST conversion rates. B) LTBI prevalence. C) TB prevalence. Vertical bars indicate 95% CIs. 
TB, tuberculosis; LTBI, latent TB infection; TST, tuberculin skin testing.
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for this population than for the homeless populations in 
London (10) and Rotterdam (12) (0.8% and 0.9%, re-
spectively). The TST conversion rates for our cohort far 
exceed those for the general population (0.5%), as mea-
sured by using the same TST methods used by clerical 
workers of health care services in Turin between 1997  
and 2004 (30).

The size of our cohort yielded the largest dataset on TB 
infection and disease among immigrants in Europe; this da-
taset allowed for stratified analyses, which indicated that dif-
ferent subgroups of socially marginalized immigrants carry 
considerably different risks for LTBI and TB. Knowledge of 
such differences is highly pertinent for determining which 
subgroups of socially marginalized immigrants should be 
screened and when the screening should be conducted. The 
decline in TST conversion rates some 6 years after immi-
gration provides robust empiric evidence for concentrating 
screening of LTBI on immigrants within the first few years 
of arrival, as already recommended in several countries. 
Furthermore, the strong relationship between TB incidence 
in the country of origin and the risk for LTBI, active TB, 
and TST conversion prioritizes certain subgroups of socially 
marginalized immigrants for screening. The correlation of 
LTBI and TB prevalence with TB incidence rate in the im-
migrant’s country of origin probably reflects TB transmis-
sion that occurred in the countries of origin before immi-
gration. By contrast, the increased risk for TST conversion, 
≈20% for each increase of TB incidence rate in the country 
of origin of the immigrants of 50 cases/105 person-years, re-
flects ongoing transmission in Italy after immigration.

Differences in TST conversion rates between immi-
grants originating from different countries are consistent 

with assortative mixing between immigrants from the 
same geographic area. Assortative mixing would favor the 
transmission of TB between immigrants from the same 
geographic area. As a result, immigrants from areas where 
the prevalence of TB is higher would be at a higher risk 
for TST conversion. Social contacts, mixing patterns, and 
health-related behaviors in the countries of origin before 
immigration may also explain the higher prevalence of TB 
and LTBI among men than among women (adjusted odds 
ratios were 1.5 and 1.1, respectively), a finding consistent 
with other published data (31).

In contrast with what has been observed among 
immigrants in other industrialized countries such as 
the United Kingdom, Denmark, and Canada, where 
the risk for TB decreases as a function of time elapsed 
since immigration (1,2,4), in our population the risk 
for active TB did not decrease with time since immi-
gration. The reason for this unexpected finding is un-
clear but may be explained by an arising difference in 
exposure to conditions promoting LTBI reactivation. 
At entry, any socially marginalized immigrant must at-
tend the screening program to have access to health and 
social care facilities. Over time since immigration, an 
increasing proportion of socially marginalized immi-
grants experience improvements in their socioeconomic 
condition and become easy to reach, and the attendant 
environmental changes, including nutrition and hous-
ing, might be expected to decrease their risk for LTBI 
reactivation. Such immigrants would no longer be re-
quired to be screened. The remaining long-term so-
cially marginalized immigrants, who would continue 
to be screened, are persistently exposed to social and  
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Table 3. Multivariate model (logistic and Poisson) estimates of the odds and incidence rate ratios for TB, LTBI prevalence, and LTBI 
conversion* 

Variable 
Odds ratio (95% CI) for prevalence Incidence rate ratio (95% 

CI) for TST conversion TB LTBI 
TB incidence rate in the country of origin of the immigrants (per 105 p-y)   
 <25 1 (reference category) 1 (reference cat) 1 (reference category)† 
 25–49 2.9 (0.9–9.3) 2.0 (1.6–2.6) 0.5 (0.1–4.1)† 
 50–99 5.3 (1.6–17.2) 1.6 (1.2–2.1) 0.7 (0.1–6.5)† 
 100–299 4.9 (1.6–15.2) 2.6 (2.1–3.3) 1.3 (0.2–9.3)† 
 >300 4.6 (1.4–14.9) 2.2 (1.7–2.9) 1.4 (0.2–11.9)† 
Sex    
 F 1 (reference category) 1 (ref category) 1 (reference category) 
 M 1.5 (1.3–1.8) 1.1 (1.0–1.2) 0.9 (0.6–1.3) 
Time elapsed since immigration, y    
 <3 1 (reference category) 1 (ref cat) 1 (reference category) 
 3–6 1.1 (0.9–1.3) 1.1 (1.0–1.2) 0.8 (0.4–1.5) 
 7–9 1.1 (0.9–1.3) 1.2 (1.1–1.3) 0.5 (0.3–1.0) 
 >10 0.9 (0.6–1.2) 1.2 (1.1–1.4) 0.4 (0.2–0.9) 
Age, y, at test    
 <20 1 (reference category) 1 (reference category) 1 (reference category) 
 20–29 1.4 (1.0–2.2) 1.9 (1.7–2.2) 1.0 (0.4–3.0) 
 30–40 2.4 (1.6–3.5) 3.1 (2.8–3.5) 1.2 (0.4–3.5) 
 >40 4.3 (2.9–6.4) 3.1 (2.7–3.5) 1.0 (0.3–3.1) 
*The effects of the variables reported in the table were mutually adjusted. TB, tuberculosis; LTBI, latent TB infection; p-y, person-years. 
†Incidence rate ratio for tuberculin skin test conversion (95% CI): 1.21 (1.07–1.36) for an increase of 50 cases/105 p-y. 
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living conditions presumably favoring the reactivation 
of LTBI. Moreover, the occurrence of new infections, as 
measured through TST conversion, decreased with time 
elapsed since immigration regardless of the sex, age, and 
geographic origin of the immigrants. This decrease may 
represent a reduction of the transmission of M. tubercu-
losis among socially marginalized immigrants as a result 
of changes in contact patterns and difference of exposure 
resulting from the dilution of assortative mixing over 
time since immigration.

Our study has several limitations. The screening pro-
gram was devised to reachthose persons accessing public 
and private health and social care facilities or the socially 
marginalized population less likely to be timely identi-
fied through routine passive case finding and contact trac-
ing. For this reason, our target immigrant population is by 
definition socially marginalized and a credible denomina-
tor of immigrants cannot be determined; thus, we could 
not assess the coverage of screening program. Because 
the screening program does not collect detailed informa-
tion on the reasons for immigration and for referral, we 
were unable to incorporate these factors in our analyses. 
Rates of completion of LTBI therapy after arrival in the 
destination for the study population are also unknown. 
LTBI prevalence and conversion rates were assessed by 
using TST rather than IGRAs, which became available in 
our setting in 2005 but for cost reasons have not hitherto 
been introduced for LTBI screening of immigrants. Our 
data would therefore tend to overestimate LTBI preva-
lence relative to data generated by IGRAs, which are 
more specific for LTBI (11,16,32); notwithstanding, the 
measures of association reported in Table 3 should not be 
affected, assuming that TST false-positive results are not 
differentially distributed across the variables investigated. 
Despite the relatively high specificity of TST conversion 
for recent infection, we cannot exclude the possibility that 
a fraction of the observed conversion is attributable to a 
boosted reaction as a result of repeated TST. To limit this 
possibility, we included in the analyses repeat TST per-
formed not <12 months later (Figure 1). Estimated TST 
conversion rates may also have been affected by LTBI 
acquired by traveling to the countries of origin to visit 
friends and relatives (33), as suggested by the increased 
risk for TST conversion according to the TB incidence 
rate in the country of origin of the immigrants. On the 
other hand, the estimated reduction of conversion rates 
over time since immigration conflicts with this hypoth-
esis. Overall, how much this hypothesis applies to the in-
vestigated immigrants, who are not representative of the 
general immigrant population, is uncertain. Finally, since 
reliable data on the BCG status of the socially marginal-
ized immigrants were not available, we were unable to 
control for this in our analyses.

In conclusion, we have identified socially marginal-
ized immigrants as a key reservoir of M. tuberculosis with 
substantial ongoing transmission in the first few years 
after arrival, which suggests that this population should 
be prioritized for screening for active TB and LTBI in 
countries where TB incidence is low. Our findings help to 
inform targeted interventions by identifying which immi-
grant subgroups should be prioritized for screening.

A.L. is a Wellcome Trust Senior Research Fellow in Clini-
cal Science and a National Institute of Health research senior 
investigator. S.M. acknowledges the scientific support of the 
Master in Epidemiology of the Turin University. This study was 
funded by “Ricerca Finalizza–2009,” Piedmont Region, Italy. 
M.P. is funded by a Medical Research Council Capacity Build-
ing Studentship.

A.L. is the inventor for several patents underpinning 
T cell–based diagnosis. The ESAT-6/CFP-10 IFN-gamma 
ELISpot assay was commercialized by an Oxford University  

	 Emerging Infectious Diseases • www.cdc.gov/eid • Vol. 19, No. 9, September 2013	 1443

Figure 3. Adjusted odds ratio and incidence rate ratios for TB and 
LTBI occurrence among socially marginalized immigrants in a 
low-incidence area of Italy, by TB incidence rate in the country 
of origin (A) and time elapsed since immigration (B), 1991–2010. 
*Indicates reference category. Horizontal bars indicate 95% CIs. 
TB, tuberculosis; LTBI, latent TB infection; TST, tuberculin skin 
testing.



RESEARCH

spin-out company (T-SPOT.TB, Oxford Immunotec Ltd, 
Abingdon, UK) in which the University of Oxford and A.L. 
have minority shares of equity and royalty entitlements. All 
other authors declare no conflicts of interest.

Dr Baussano, an infectious diseases physician and epidemi-
ologist, works at the International Agency for Research on Cancer 
in Lyon, France. His research focuses on modeling the transmis-
sion dynamics of infectious diseases. 

References
  1.	 Health Protection Agency, Centre for Infections. Tuberculosis in 

the UK: annual report on tuberculosis surveillance in the UK 2009.  
London: the Agency; 2009.

  2.	 Langlois-Klassen D, Wooldrage KM, Manfreda J, Sutherland K, Ellis E, 
Phypers M, et al. Piecing the puzzle together: foreign-born tuberculosis  
in an immigrant-receiving country. Eur Respir J. 2011;38:895–902.

  3.	 European Centre for Disease Prevention and Control/WHO  
Regional Office for Europe. Tuberculosis surveillance in Europe 
2009. Stockholm: the Centre; 2011.

  4.	 Lillebaek T, Andersen AB, Dirksen A, Smith E, Skovgaard 
LT, Kok-Jensen A. Persistent high incidence of tuberculosis in  
immigrants in a low-incidence country. Emerg Infect Dis. 
2002;8:679–84. http://dx.doi.org/10.3201/eid0807.010482

  5.	 Arshad S, Bavan L, Gajari K, Paget SN, Baussano I. Active screen-
ing at entry for tuberculosis among new immigrants: a system-
atic review and meta-analysis. Eur Respir J. 2010;35:1336–45.  
http://dx.doi.org/10.1183/09031936.00054709

  6.	 Klinkenberg E, Manissero D, Semenza JC, Verver S. Mi-
grant tuberculosis screening in the EU/EEA: yield, coverage 
and limitations. Eur Respir J. 2009;34:1180–9. http://dx.doi.
org/10.1183/09031936.00038009

  7.	 Liu Y, Weinberg MS, Ortega LS, Painter JA, Maloney SA. Over-
seas screening for tuberculosis in U.S.-bound immigrants and refu-
gees. N Engl J Med. 2009;360:2406–15. http://dx.doi.org/10.1056/ 
NEJMoa0809497

  8.	 Baussano I, Williams BG, Nunn P, Beggiato M, Fedeli U, Scano F. 
Tuberculosis incidence in prisons: a systematic review. PLoS Med. 
2010;7:e1000381. http://dx.doi.org/10.1371/journal.pmed.1000381

  9.	 Story A, Murad S, Roberts W, Verheyen M, Hayward AC.  
Tuberculosis in London: the importance of homelessness,  
problem drug use and prison. Thorax. 2007;62:667–71.  
http://dx.doi.org/10.1136/thx.2006.065409

10.	 Abubakar I, Story A, Lipman M, Bothamley G, van Hest R,  
Andrews N, et al. Diagnostic accuracy of digital chest radiography 
for pulmonary tuberculosis in a UK urban population. Eur Respir 
J. 2010;35:689–92. http://dx.doi.org/10.1183/09031936.00136609

11.	 Bodenmann P, Vaucher P, Wolff H, Favrat B, de Tribolet F, Masserey 
E, et al. Screening for latent tuberculosis infection among undoc-
umented immigrants in Swiss healthcare centres; a descriptive  
exploratory study. BMC Infect Dis. 2009;9:34. http://dx.doi.
org/10.1186/1471-2334-9-34

12.	 de Vries G, van Hest RA, Richardus JH. Impact of mobile radio-
graphic screening on tuberculosis among drug users and homeless 
persons. Am J Respir Crit Care Med. 2007;176:201–7. http://dx.doi.
org/10.1164/rccm.200612-1877OC

13.	 Hwang LY, Grimes CZ, Beasley RP, Graviss EA. Latent tuberculosis  
infections in hard-to-reach drug using population-detection,  
prevention and control. Tuberculosis (Edinb). 2009;89(Suppl 1):S41–5.  
http://dx.doi.org/10.1016/S1472-9792(09)70010-1

14.	 Wahoush EO. Reaching a hard-to-reach population such as asylum 
seekers and resettled refugees in Canada. Bull World Health Organ. 
2009;87:568. http://dx.doi.org/10.2471/BLT.08.061085

15.	 Pareek M, Watson JP, Ormerod LP, Kon OM, Woltmann G, White 
PJ, et al. Screening of immigrants in the UK for imported latent  
tuberculosis: a multicentre cohort study and cost-effectiveness  
analysis. Lancet Infect Dis. 2011;11:435–44. http://dx.doi.
org/10.1016/S1473-3099(11)70069-X

16.	 Carvalho AC, Pezzoli MC, El-Hamad I, Arce P, Bigoni S, Scar-
cella C, et al. QuantiFERON-TB Gold test in the identification of 
latent tuberculosis infection in immigrants. J Infect. 2007;55:164–8.  
http://dx.doi.org/10.1016/j.jinf.2007.02.004

17.	 El-Hamad I, Casalini C, Matteelli A, Casari S, Bugiani M, Caputo 
M, et al. Screening for tuberculosis and latent tuberculosis infection 
among undocumented immigrants at an unspecialised health service 
unit. Int J Tuberc Lung Dis. 2001;5:712–6.

18.	 Baussano I, Bugiani M, Gregori D, Pasqualini C, Demicheli V,  
Merletti F. Impact of immigration and HIV infection on tuberculosis 
incidence in an area of low tuberculosis prevalence. Epidemiol Infect. 
2006;134:1353–9. http://dx.doi.org/10.1017/S0950268806006261

19.	 Baussano I, Bugiani M, Gregori D, van Hest R, Borraccino A, Raso 
R, et al. Undetected burden of tuberculosis in a low-prevalence area. 
Int J Tuberc Lung Dis. 2006;10:415–21.

20.	 Faggiano F, Vigna-Taglianti FD, Versino E, Salamina G, Bugiani M. 
Tuberculosis incidence in Turin, Italy, 1973–1999. Int J Tuberc Lung 
Dis. 2004;8:171–9.

21.	 Assessorato Sanità–Assistenza Direzione Sanità Pubblica Settore 
Igiene e Sanità Pubblica. [Tuberculosis prevention and control of 
tuberculosis among humans. Operational protocols (in Italian)].  
Torino (Italy): the Department; 2000. 

22.	 European Centre for Disease Prevention and Control/WHO Regional  
Office for Europe. Framework action plan to fight TB in European 
Union. Stockholm: the Centre; 2008.

23.	 Rieder HL, Watson JM, Raviglione MC, Forssbohm M, Migliori GB, 
Schwoebel V, et al. Surveillance of tuberculosis in Europe. Working 
Group of the World Health Organization (WHO) and the European Re-
gion of the International Union Against Tuberculosis and Lung Disease 
(IUATLD) for uniform reporting on tuberculosis cases. Eur Respir J. 
1996;9:1097–104. http://dx.doi.org/10.1183/09031936.96.09051097

24.	 Rieder HL, Lauritsen JM. Quality assurance of data: ensuring that 
numbers reflect operational definitions and contain real measure-
ments. Int J Tuberc Lung Dis. 2011;15:296–304.

25.	 World Health Organization. Global health atlas [cited 2011 Feb]. 
http://www.who.int/globalatlas/dataQuery/default.asp

26.	 World Health Organization. Tuberculosis trends in central and  
eastern Europe and countries of the former USSR. Wkly Epidemiol 
Rec. 1995;70:21–4.

27.	 Neuenschwander BE, Zwahlen M, Kim SJ, Engel RR, Rieder HL. 
Trends in the prevalence of infection with Mycobacterium tuberculosis  
in Korea from 1965 to 1995: an analysis of seven surveys by mixture 
models. Int J Tuberc Lung Dis. 2000;4:719–29.

28.	 American Thoracic Society, Centers for Disease Control and  
Prevention. Targeted tuberculin testing and treatment of latent  
tuberculosis infection. Am J Respir Crit Care Med. 2000;161:S221–
47. http://dx.doi.org/10.1164/ajrccm.161.supplement_3.ats600

29.	 Jensen PA, Lambert LA, Iademarco MF, Ridzon R. Guidelines 
for preventing the transmission of Mycobacterium tuberculosis  
in health-care settings, 2005. MMWR Recomm Rep. 2005;54 
(RR-17):1–141.

30.	 Baussano I, Bugiani M, Carosso A, Mairano D, Pia Barocelli A,  
Tagna M, et al. Risk of tuberculin conversion among healthcare 
workers and the adoption of preventive measures. Occup Environ 
Med. 2007;64:161–6. http://dx.doi.org/10.1136/oem.2006.028068

31.	 World Health Organization. Global tuberculosis control 2010.  
Geneva: The Organization; 2010.

32.	 Pai M, Zwerling A, Menzies D. Systematic review: T-cell–based 
assays for the diagnosis of latent tuberculosis infection: an update. 
Ann Intern Med. 2008;149:177–84. http://dx.doi.org/10.7326/0003-
4819-149-3-200808050-00241

1444	 Emerging Infectious Diseases • www.cdc.gov/eid • Vol. 19, No. 9, September 2013



 M. tuberculosis among Immigrants

33.	 Fenner L, Weber R, Steffen R, Schlagenhauf P. Imported  
infectious disease and purpose of travel, Switzerland. Emerg Infect 
Dis. 2007;13:217–22. http://dx.doi.org/10.3201/eid1302.060847

Address for correspondence: Iacopo Baussano, International Agency for 
Research on Cancer, 150 Cours Albert Thomas, 69372 Lyon, France; 
email: BaussanoI@iarc.fr

	 Emerging Infectious Diseases • www.cdc.gov/eid • Vol. 19, No. 9, September 2013	 1445


