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Molecular Epidemiology of Tuberculosis in Foreign-Born
Persons Living in San Francisco

Gompol Suwanpimolkul1,2, Leah G. Jarlsberg1, Jennifer A. Grinsdale3, Dennis Osmond1, L. Masae Kawamura3*,
Philip C. Hopewell1, and Midori Kato-Maeda1

1Curry International Tuberculosis Center, Division of Pulmonary and Critical Care Medicine, University of California, San Francisco, San Francisco,

California; 2Department of Medicine, Faculty of Medicine, Chulalongkorn University and King Chulalongkorn Memorial Hospital, Thai Red Cross
Society, Bangkok, Thailand; and 3San Francisco Tuberculosis Control Section, San Francisco Department of Public Health, San Francisco, California

Rationale: In San Francisco, 70% of the tuberculosis cases occur
among foreign-born persons, mainly from China, the Philippines,
andMexico.Wepostulate that therearedifferences in the character-
istics and risk factors for tuberculosis among these populations.
Objectives: To determine the clinical, epidemiological and microbio-
logical characteristics of tuberculosis caused by recent infection
and rapid evolution in the major groups of foreign-born and the
U.S.-born populations.
Methods: We analyzed data from a 20-year prospective community-
based study of the molecular epidemiology of tuberculosis in San
Francisco. We included all culture-positive tuberculosis cases in the
City during the study period.
Measurements and Main Results: We calculated and compared inci-
dence rates, clinical andmicrobiological characteristics, and risk fac-
tors for being a secondary case between the various foreign-born
and U.S.-born tuberculosis populations. Between 1991 and 2010,
there were 4,058 new cases of tuberculosis, of which 1,226 (30%)
were U.S.-born and 2,832 (70%)were foreign-born. A total of 3,278
(81%) were culture positive, of which 2,419 (74%) had complete
data for analysis. The incidence rate, including the incidence rate
of tuberculosis due to recent infection and rapid evolution, decreased
significantly in theU.S.-born and themajor foreign-born populations.
The clinical andmicrobiological characteristics and the risk factors for
tuberculosis due to recent infection differed among the groups.
Conclusions: There are differences in the characteristics and the risk
factors for tuberculosis due to recent transmission among themajor
foreign-born and U.S.-born populations in San Francisco. These dif-
ferences should be considered for the design of targeted tuberculo-
sis control interventions.

Keywords: tuberculosis; foreign-born populations; epidemiology;

Mycobacterium tuberculosis

The overall rate of tuberculosis (TB) in the United States de-
creased from 9.7 cases per 100,000 population in 1993 to 3.4 cases
per 100,000 in 2011 (1). During these two decades, the proportion

of cases occurring in foreign-born persons has increased from
29.5% of the 25,107 TB cases reported in 1993 to 62.2% of the
10,521 TB cases reported in 2011. In 2011, the case rate in the
foreign-born population was 17.3 cases per 100,000 compared
with 1.5 cases per 100,000 among U.S.-born persons (1). In San
Francisco, we previously reported a significant decline of TB
cases in United States and foreign born-populations (including
TB cases due to recent transmission) from 1991 to 1999 but
a slower decline since 2000, despite application of control
measures (2).

In the 1990s TB among foreign-born persons was attributed
mainly to reactivation of prior infection acquired in the country
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AT A GLANCE COMMENTARY

Scientific Knowledge on the Subject

d In the United States, tuberculosis occurs mainly among
foreign-born persons.

d The clinical characteristics and risk factors for tuber-
culosis (TB), including risk factors for tuberculosis
due to recent infection and rapid evolution to active
disease, are different in U.S.-born versus foreign-
born populations.

d In San Francisco, tuberculosis in the foreign-born pop-
ulation occurs mainly among patients born in China,
the Philippines, and Mexico, each of which have their
own cultural and social attributes that may lead to
different risk factors for TB.

What This Study Adds to the Field

d The clinical and bacterial characteristics and risk fac-
tors associated with tuberculosis due to recent infec-
tion and rapid progression to active disease differ
among patients born in the United States, China,
the Philippines, and Mexico.

d Descriptive epidemiological analyses grouping all
foreign-born cases together obscure important differ-
ences in presentation and risk factors for tuberculosis
due to recent transmission.

d Differences in the microbiological characteristics
among various lineages of M. tuberculosis may ac-
count for some of the clinical and epidemiological
differences noted among foreign-born groups.

d This study suggests that to be effective it is important
to consider tailored public health interventions to ad-
dress various foreign-born groups.
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of origin (3). In contrast, TB among U.S.-born persons was
attributed to both reactivation of a latent infection and to recent
infection evolving rapidly to active TB (4–6). The risk factors
for TB due to recent infection in U.S.-born patients were youn-
ger age, homelessness, and drug and alcohol use, whereas
foreign-born patients with TB were older and without risk factors
(2, 5).

There are a number of reasons to postulate that there are dif-
ferences in the epidemiology of TB among foreign-born persons
from different countries. These include variations in (1) the
prevalence of TB in the country of origin (7), (2) the manner in
which foreign-born persons enter the United States (with or with-
out predeparture screening for TB) (8), (3) prevention efforts tar-
geted toward immigrant groups (9), (4) host susceptibility (10), (5)
differences in pathogenicity among the various lineages of Myco-
bacterium tuberculosis (M.tb) (11–13), and (6) other unidentified
factors.

In San Francisco, 72% of the TB cases reported between 1992
and 2011 occurred in foreign-born persons, mainly from China,
the Philippines, and Mexico, each of which have their own de-
mographic, cultural, and social characteristics. The strains of
M.tb causing most of the TB in these populations are from
different lineages: Chinese patients have TB mainly by M.tb
lineage 2 strains (also known as East Asian lineage); Filipino
patients by lineage 1 (Indo-Oceanic lineage); and Mexicans, and
U.S.-born Hispanic, white, and African American patients by
lineage 4 (Euro-American lineage) (12).

In this article, we used conventional and molecular epidemi-
ological methods and phylogeographic lineage analysis to explore
the hypothesis that in San Francisco the clinical, microbiological,
and epidemiological characteristics of TB differ among popula-
tions by country of origin and that these differences should be con-
sidered in the design of population-specific strategies to control

TB. Some of the results of this study have been previously re-
ported in the form of an abstract (14).

METHODS

The study was approved by the University of California, San Francisco
(San Francisco, CA) Human Research Protection Program. This is the
fourth of a series of progressively larger prospective community-based
studies conducted in San Francisco (2–4). There is partial overlap in the
study population, but there is no overlap in the questions addressed.

The incidence rate of TB among U.S.-born patients was calculated
using the national census population data for San Francisco (15, 16). The
incidence rate of TB among patients born in the Philippines, China,
and Mexico was calculated on the basis of estimates of those popula-
tions in San Francisco available only since 2000 (15–17).

Genotyping of M.tb was performed using restriction fragment length
polymorphisms with the insertion sequence (IS) 6110 (18) and the poly-
morphic guanine-cytosine–rich sequence (PGRS) (19). The phylogeo-
graphic lineage of the M.tb isolates was determined using regions of
difference (RD) and single-nucleotide polymorphisms (12).

Definitions

Clusters were defined as two or more persons having M.tb isolates with
the same IS6110 (and PGRS if fewer than six IS6110 bands)-based
genotype reported within 12 months of one another. The first case in
the cluster was defined as the index case and subsequent cases as sec-
ondary cases. All other cases were defined as unique cases. Index cases
from 2010 were excluded from this definition because a 12-month win-
dow (into 2011) could not be constructed for these cases.

Lineages of M.tb (12): Lineage 4 was defined by the presence of
the codon cgg in katG463. The other lineages were defined by the
absence of RD: lineage 1 by RD239, lineage 2 by RD105, lineage 3 by
RD750, lineage 5 by RD711, and lineage 6 by RD702. Lineages 3, 5,
and 6 were rare in our population and were not included in the
analysis.

Figure 1. San Francisco study
population, 1991–2010. LSP ¼
large sequence polymorphism;

MTB ¼ Mycobacterium tuber-

culosis; PGRS ¼ polymorphic
guanine-cytosine–rich sequence;

SNP ¼ single-nucleotide poly-

morphism; TB ¼ tuberculosis.
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Phylogeographic associations were defined as sympatric when there
was concordance between the patient’s race/ethnicity and the lineage of
M.tb: Chinese patients with lineage 2 M.tb, Filipino patients with lin-
eage 1 M.tb, and Mexican or U.S.-born Hispanic, white, or African
American patients with lineage 4 M.tb. All other combinations were
defined as allopatric (12).

Statistical Analysis

Patient characteristics and risk factors for being a secondary case were
explored in the various populations using chi-squared tests and logistic
regression, adjusting for factors known to be associated with transmis-
sion (sputum smear examination and presence of cavitary disease). We
performed a stratified analysis to identify differences in cases diagnosed
in 1991–1999 and in 2000–2010. To compare the secondary case rates
between phylogeographicM.tb lineages in the various populations (12),
we converted the lineage-specific secondary case rates into secondary
case rate ratios by dividing the secondary case rate of the lineage of
interest by the secondary case rate of the other two lineages combined.
To calculate the population-specific secondary case rate, we used as the
denominator the sum of all index cases plus unique cases with complete
genotyping data, as any patient has the potential to cause secondary
cases. Trends over time were assessed using the Poisson test for trend.

RESULTS

Between January 1991 and December 2010, there were 4,058
cases of TB reported to the San Francisco Department of Public
Health; 81% (n ¼ 3,288) had pulmonary disease, and 70% (n ¼
2,832) were foreign-born (Figure 1). The incidence rate of re-
ported TB cases in San Francisco from 1991 to 2010 is shown in
Figure 2. As reported previously (2), there was a sharp decline
in the TB rate from 1991 to 1999 in both the U.S.-born popu-
lation, from 29.5 to 12.3 per 100,000 inhabitants (Poisson for
trend: P , 0.001; coefficient, –0.15), and in the foreign-born
population, from 77 to 62 per 100,000 inhabitants (P , 0.001;
coefficient, –0.06). The decline from 2000 to 2010 was smaller
but still significant for both populations: from 6.3 to 2.8 per
100,000 inhabitants (P , 0.001; coefficient, –0.07) in the
U.S.-born, and 48 to 30 per 100,000 inhabitants (P , 0.001;
coefficient, –0.05) in the foreign-born (Figure 2). The overall
reduction was greater (90.5%) in the U.S.-born population com-
pared with the foreign-born population (62.3%; P , 0.001).
This resulted in an increase of the proportion of TB cases in

foreign-born persons compared with U.S.-born persons, from
58% in 1991 to 85% in 2010. Between 2000 and 2010, the inci-
dence rate of TB decreased 33.8% in patients born in the Phil-
ippines (P ¼ 0.001; coefficient, –0.07), and 37.2% in patients
born in China (P , 0.001; coefficient, –0.06); the incidence rate
in patients born in Mexico decreased by 52% overall, but rates in
the intervening years were too volatile to define a consistent
downward trend (P ¼ 0.66; coefficient, –0.01) (Figure 3). The
incidence rate of TB for these populations in previous years
was not calculable because population sizes were not available.

Eighty-one percent of all reported cases had a positive culture
for M.tb. Of the 3,278 culture-positive cases, 74% (n ¼ 2,419)
were genotyped using IS6110 (and PGRS where indicated);
were determined by RD/single-nucleotide polymorphisms to
be in lineage 1, 2, or 4; and had reported a race/ethnicity known
to be sympatric or allopatric with their TB lineage (Figure 1); of
these, 731 (30%) were U.S.-born and 1,688 (70%) were foreign-
born. The distribution of the place of birth was similar between
those included and excluded from the final analysis. Patients with
incomplete genotyping data differed from those with complete
data in that they were less likely to have smear-positive sputum,
cavitary lesions on chest radiographs, or isoniazid (INH)-resistant
M.tb, and less likely to be coinfected with HIV or homeless.

Patient and Bacterial Characteristics Were Different

in the Various Patient Groups

When compared with U.S.-born patients, China- and Philippine-
born patients were older, whereas Mexican patients were youn-
ger (Table 1). The frequency of extrapulmonary disease only
was similar among the various populations, but the frequency of
combined extrapulmonary and pulmonary disease was more
frequent among Mexicans and U.S-born patients. Also, when
compared withU.S.-born patients, China-born patients had a lower
proportion of cavitary lesions on chest radiographs, and patients
born in the Philippines and Mexico had a higher proportion of
cavitary TB. The frequency of smear-positive TB, coinfection
with HIV, as well as the association with homelessness and
alcohol abuse were different among the populations. In patients
from the Philippines the proportion of INH-resistant (15.4%)

Figure 2. Incidence rate of reported tuberculosis (TB) cases per 100,000

inhabitants by year among U.S.-born and foreign-born populations, San

Francisco, 1991–2010 (n ¼ 4,058). The U.S.-born case rate decreased
from 29.5 in 1991 to 2.8 in 2010 (P , 0.001; coefficient, –0.12). The

foreign-born case rate decreased from 77 in 1991 to 30 in 2010 (P ,
0.001; coefficient, –0.06).

Figure 3. Incidence rate of tuberculosis (TB) cases by year among three
foreign-born populations and the U.S.-born population, San Francisco,

2000–2010. The incidence rate of TB decreased 33.8% in patients born

in the Philippines (P ¼ 0.001; coefficient, –0.07), 37.2% in patients
born in China (P, 0.001; coefficient, –0.06), and 52% in patients born

in Mexico (P ¼ 0.66; coefficient, –0.01).

1000 AMERICAN JOURNAL OF RESPIRATORY AND CRITICAL CARE MEDICINE VOL 187 2013



and multidrug-resistant (MDR) TB (2.3%) was higher. The rel-
evant differences in the characteristics of the cases diagnosed in
1991–1999 and those diagnosed in 2000–2011 were (1) a decrease
in U.S.-born patients with TB coinfected with HIV from 40% in
1991–1999 to 29% in 2000–2011, and (2) an increase in propor-
tions of homeless patients from 37 to 45%, respectively.

Prevalent Strains in San Francisco Were Strongly Associated

with Sympatric Patient Populations

On the basis of the reported ethnicity/race, 98.8% of the patients
born in China were reported to be ethnically Chinese, 99.8% of
the patients born in the Philippines were Filipino, 100% of the
patients born in Mexico were Mexicans/Hispanics, and 92.8% of
the patients born in the United States were either Hispanic,
white, or African American.

In patients from the Philippines and Mexico more than 85%
of the phylogeographic associations were sympatric. Of the
China-born patients 68.2% had lineage 2 M.tb, 24.3% had lin-
eage 4 M.tb, and the remaining 7.2% had lineage 1 M.tb (Table
2). Further analysis showed that among those with lineage 4, all
but two (1.5%) were ethnically Chinese. China-born patients
infected with lineage 4 M.tb had been in the United States for

a shorter time than those infected with lineage 2 or 1 (median
time in years between entry into United States and diagnosis:
9, 14, and 10.8 yr, respectively) and the proportion of secondary cases
due to strains from lineage 4 (7.4%) was similar to the proportion of
secondary cases due to strains from lineage 2 (6.5%). The frequency
of HIV infection was low in patients infected with either lineage.

The Incidence Rate of Secondary TB Cases Decreased, but the

Reduction Was Greater among U.S.-Born Patients

Between 1991 and 2009, the incidence rate of secondary cases
decreased significantly in both U.S.-born (Figure 4) and foreign-
born (Figure 5) populations (94.9 vs. 87.5%, respectively), but
decreased relatively more among the U.S.-born compared with
the foreign-born (P value for trend ¼ 0.045). The stratified anal-
ysis showed a significant decrease in the incidence rate of second-
ary cases in the U.S.-born between 1991 and 1999 (P , 0.001;
coefficient, –0.15) and between 2000 and 2009 (P , 0.001; coeffi-
cient, –0.12). Although the incidence rate of secondary cases in
the foreign-born declined significantly between 1991 and 2009
(P , 0.001; coefficient, –0.12), when the study period was divided
for stratified analysis, there was no significant decrease in either the
earlier or later decade. There was a reduction of unique and index

TABLE 1. CLINICAL AND DEMOGRAPHIC CHARACTERISTICS OF PATIENTS WITH ACTIVE TUBERCULOSIS BY PLACE OF BIRTH
(n ¼ 4,058, 1991–2010)

China [n (%)] The Philippines [n (%)] Mexico [n (%)] United States (Referent) [n (%)] Others [n (%)]

n 941 677 197 1,226 1,017

Age, yr

Median (IQR) 66 (50–77) 55 (38–70) 33 (26–42) 41.5 (33–54) 40 (29–58)

Mean 6 SD 62.1 6 19.1 53.8 6 19.9 35.9 6 16.0 43.2 6 18.4 44.1 6 19.6

P value ,0.001 ,0.001 ,0.001 1.00 0.26

Sex, no. (%)

Male 582 (61.9) 460 (68.0) 158 (80.2) 918 (74.9) 555 (54.6)

Female 359 (38.2) 217 (32.1) 39 (19.8) 308 (25.1) 462 (45.4)

P value ,0.001 0.001 0.11 1.00 ,0.001

Site of disease

Pulmonary only 706 (75.0) 520 (76.8) 127 (64.5) 845 (68.9) 653 (64.2)

Pulmonary and extrapulmonary 68 (7.2) 40 (5.9) 36 (18.3) 192 (15.7) 101 (9.9)

Extrapulmonary only 167 (17.8) 117 (17.3) 34 (17.3) 189 (15.4) 263 (25.9)

P value* 0.15 0.29 0.51 1.00 ,0.001

Sputum smear positive (n ¼ 3,046) 222 (31.1) 183 (33.8) 58 (38.4) 410 (44.0) 260 (36.7)

P value ,0.001 ,0.001 0.20 1.00 0.003

Chest X-ray (n ¼ 3,265)

Cavities 82 (10.7) 102 (18.3) 32 (19.6) 141 (13.8) 129 (17.2)

Abnormal (NC) 680 (88.4) 445 (79.8) 127 (77.9) 855 (83.4) 611 (81.5)

Normal 7 (0.9) 11 (2.0) 4 (2.5) 29 (2.8) 10 (1.3)

P value† 0.050 0.02 0.049 1.00 0.046

HIV result

Positive 3 (0.3) 29 (4.3) 41 (20.8) 454 (37.0) 78 (7.7)

Negative 271 (28.8) 280 (41.4) 102 (51.8) 394 (32.1) 428 (42.1)

Unknown 667 (70.9) 368 (54.4) 54 (27.4) 378 (30.8) 511 (50.3)

P value‡ ,0.001 ,0.001 ,0.001 1.00 ,0.001

Homeless (n ¼ 3,361) 2 (0.2) 14 (2.4) 52 (30.8) 373 (40.2) 54 (6.3)

P value ,0.001 ,0.001 0.02 1.00 ,0.001

Alcohol abuse (n ¼ 3,026) 21 (2.9) 25 (4.9) 57 (36.3) 276 (32.8) 84 (10.8)

P value ,0.001 ,0.001 0.39 1.00 ,0.001

Any INH resistant (n ¼ 3,372) 80 (9.8) 86 (15.4) 9 (6.0) 52 (5.1) 94 (11.5)

P value ,0.001 ,0.001 0.64 1.00 ,0.001

Any RIF resistant (n ¼ 3,372) 13 (1.6) 15 (2.7) 5 (3.3) 28 (2.7) 23 (2.8)

P value 0.11 0.96 0.68 1.00 0.92

MDR (n ¼ 3,372) 12 (1.5) 13 (2.3) 2 (1.3) 8 (0.8) 14 (1.7)

P value 0.16 0.01 0.50 1.00 0.08

Definition of abbreviations: HIV ¼ human immunodeficiency virus; INH ¼ isoniazid; IQR ¼ interquartile range; MDR ¼ multidrug resistant; NC ¼ noncavitary; RIF ¼
rifampin.

Note: Sputum smear results: 242 of 3,288 pulmonary patients had missing smear status.

Note: Chest radiograph: 23 of 3,288 pulmonary patients had missing radiograph information.

* P value tests extrapulmonary versus pulmonary and both combined.
y P value tests cavitary versus all others combined.
z P value tests HIV-positive versus all others combined.
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cases in both the foreign- and U.S.-born, but the reduction was
lower in foreign-born patients (27.4 vs. 65.2%, respectively;
P value for trend ¼ 0.001) (Figures 4 and 5).

Risk Factors for TB Due to Recent Infection Were Different

in the Various Populations

Stratified analysis of secondary case rates of M.tb lineages
showed that in each of the populations, the secondary case rate
ratios were significantly higher among sympatric compared with
allopatric associations. This association persisted after adjusted
analysis considering other known risk factors for transmission
and rapid progression to disease, such as age, HIV status, and
direct smear examination results (Table 3). Besides the sympat-
ric association, the risk factors associated with recent infection
and rapid evolution to active TB in the adjusted analysis dif-
fered among the populations: persons born in the Philippines
with known risk factors for infection and for developing TB
were no more likely to be secondary cases than persons without
risk factors; persons born in China who were 50 years of age or
older and persons from Mexico who were younger than 50 years
and male were more likely to be secondary cases. U.S.-born
patients had several risk factors for TB due to recent infection,
including age younger than 50 years, coinfection with HIV,
homelessness, alcohol abuse, injection drug use, and INH-
resistant TB. The stratified analysis showed that HIV was
a significant risk factor before and after 2000 in spite of the
decrease of HIV in the U.S. population in San Francisco.
Similarly, homelessness and alcohol abuse were significant
in both periods (data not shown).

DISCUSSION

In the United States, analysis of TB in foreign-born populations
has largely been limited to the analysis of TB case rates according
to the countries of origin, age, time of diagnosis of TB relative to
entry into the United States and the frequency of drug resistance
(20, 21). In this study we have shown that there are clinical and
epidemiological differences among persons with TB from Mex-
ico, China, the Philippines, and the United States.

The incidence rate of TB in San Francisco showed a significant
decrease in all populations during the study period. This reduc-
tion reflects in part on the success of TB prevention and control
measures such as contact investigation and treatment of contacts
with latent TB infection (LTBI), targeted testing and treatment
of foreign-born individuals, intensified screening and treat-
ment of visa applicants in their countries of origin (8, 22),

and dedicated programs to intensify prevention efforts among
the Chinese and homeless populations (J. A. Grinsdale, per-
sonal communication).

The decline in the incidence rates of TB may also be associ-
ated with the decrease of TB in the countries of origin: from 2000
to 2010, the rate of TB in the Philippines decreased from 329 to
275 cases per 100,000 individuals (23, 24), in Mexico from 32 to
16 cases per 100,000 individuals (25, 26), and in China from 109
to 78 cases per 100,000 (23, 24).

The clinical characteristics of patients with TB differed
among the groups. TB among the Chinese was a disease of older
people with an abnormal chest radiograph without cavities, and
a negative sputum smear examination. The differences in clinical
and demographic features may be influenced by preimmigration
overseas screening, in which active TB is excluded before an

TABLE 2. FREQUENCY OF Mycobacterium tuberculosis LINEAGES
BY PLACE OF BIRTH FOR THE FOUR GROUPS OF INTEREST
(n ¼ 1,814)*

Birthplace

China

[n (%)]

The Philippines

[n (%)]

Mexico

[n (%)]

United

States

[n (%)]

n 559 399 125 731

Lineage 2

(East Asian)

383 (68.5%) 20 (5.0%) 7 (5.6%) 85 (11.6%)

Lineage 4

(Euro-American)

136 (24.3%) 24 (6.0%) 113 (90.4%) 595 (81.4%)

Lineage 1

(Indo-Oceanic)

40 (7.2%) 355 (89.0%) 5 (4.0%) 51 (7.0%)

Allopatric

association

178 (31.8%) 45 (11.3%) 12 (9.6%) 134 (18.3%)

P value ,0.001 0.002 0.02 1.00

* Excluding 605 patients born elsewhere.
Figure 4. Incidence rate of secondary cases, index cases/unique cases,

and unknown (not determined) genotyping cases of tuberculosis
among U.S.-born patients in San Francisco from 1991 through 2009

(n ¼ 2,419), assessed using a 1-year window period (U.S.-born second-

ary cases decreasing: P , 0.001; coefficient, –0.16; U.S.-born index/

unique cases decreasing: P , 0.001; coefficient, –0.11).

Figure 5. Incidence rate of secondary cases, index cases/unique cases,

and unknown (not determined) genotyping cases of tuberculosis

among foreign-born patients in San Francisco from 1991 through
2009 (n ¼ 2,419), assessed using a 1-year window period (foreign-born

secondary cases decreasing: P, 0.001; coefficient, –0.12; foreign-born

index/unique cases decreasing: P , 0.001; coefficient, –0.05).
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TABLE 3. RISK FACTORS FOR TUBERCULOSIS DUE TO RECENT INFECTION AND RAPID EVOLUTION TO DISEASE (SECONDARY CASES)
BY PLACE OF BIRTH, USING A RATE RATIO DENOMINATOR COMPOSED OF ALL UNIQUE AND INDEX CASES: UNADJUSTED
AND ADJUSTED ANALYSIS

Place of Birth Patient Characteristic

Secondary Cases*

[n (%)]

Unique or Index

Cases (n)

Unadjusted OR (95% CI),

P Value

Adjusted† OR (95% CI),

P Value

China 40 cases 1,879 cases

Ethnicity/lineage relationship

Sympatric 25 (4.0) 597 3.58 (1.87–6.84), ,0.001 3.28 (1.67–6.41), ,0.001

Allopatric 15 (1.2) 1,282

Age, yr

,50 10 (1.1) 892 0.37 (0.18–0.76), 0.01 0.48 (0.23–1.00), 0.049

>50 30 (3.0) 987

The Philippines 42 cases 1,879 cases

Ethnicity/lineage relationship

Sympatric 30 (5.6) 503 6.84 (3.47–13.5), ,0.001 6.75 (3.43–13.3), ,0.001

Allopatric 12 (0.9) 1,376

Mexico 31 cases 1,879 cases

Ethnicity/lineage relationship

Sympatric 24 (3.0) 779 4.84 (2.08–11.3), ,0.001 2.97 (1.21–7.30), 0.02

Allopatric 7 (0.6) 1,100

Age, yr

,50 26 (2.8) 892 5.75 (2.20–15.0), ,0.001 3.91 (1.43–10.7), 0.01

>50 5 (0.5) 987

Sex

Male 28 (2.2) 1,231 4.91 (1.49–16.2), 0.01 3.92 (1.14–13.4), 0.03

Female 3 (0.5) 648

Smear status

Positive 16 (2.5) 613 2.20 (1.08–4.49), 0.03 1.55 (0.70–3.44), 0.28

Negative/unknown 15 (1.2) 1,266

HIV status

Positive 8 (3.6) 216 2.68 (1.18–6.06), 0.02 1.03 (0.42–2.53), 0.94

Negative/unknown 23 (1.4) 1,663

Housing status

Homeless 9 (4.6) 188 3.68 (1.67–8.11), 0.001 1.30 (0.52–3.26), 0.57

Housed/unknown 22 (1.3) 1,691

Alcohol abuse

Yes 10 (4.7) 204 3.91 (1.82–8.42), ,0.001 1.46 (0.60–3.59), 0.41

No/unknown 21 (1.2) 1,675

Chest X-ray

Cavities 9 (3.3) 266 2.46 (1.12–5.40), 0.03 1.73 (0.70–4.28), 0.24

No cavities 22 (1.4) 1,598

United States 355 cases 1,879 cases

Ethnicity/lineage relationship

Sympatric 313 (28.7) 779 10.5 (7.53–14.7), ,0.001 5.94 (4.14–8.52), ,0.001

Allopatric 42 (3.7) 1,100

Age, yr

,50 273 (23.4) 892 3.68 (2.83–4.79), ,0.001 1.45 (1.06–1.99), 0.02

>50 82 (7.7) 987

Sex

Male 285 (18.8) 1,231 2.14 (1.62–2.83), ,0.001 1.17 (0.84–1.64), 0.35

Female 70 (9.8) 648

Site of disease

Pulmonary 322 (17.2) 1,552 2.06 (1.41–3.00), ,0.001 1.36 (0.87–2.14), 0.18

Extrapulmonary 33 (9.2) 327

Smear status

Positive 147 (19.3) 613 1.46 (1.16–1.84), 0.001 1.21 (0.90–1.64), 0.21

Negative/unknown 208 (14.1) 1,266

HIV status

Positive 169 (43.9) 216 7.00 (5.44–9.00), ,0.001 2.68 (1.94–3.70), ,0.001

Negative/unknown 186 (10.1) 1,663

Housing status

Homeless 132 (41.3) 188 5.32 (4.09–6.92), ,0.001 2.10 (1.49–2.97), ,0.001

Housed/unknown 223 (11.7) 1,691

Alcohol abuse

Yes 102 (33.3) 204 3.31 (2.52–4.34), ,0.001 1.92 (1.34–2.75), ,0.001

No/unknown 253 (13.1) 1,675

Injection drug use

Yes 68 (56.7) 52 11.5 (7.73–17.0), ,0.001 2.56 (1.60–4.09), ,0.001

No 177 (10.2) 1,551 Referent Referent

Unknown 110 (28.5) 276 3.49 (2.67–4.58), ,0.001 3.39 (2.43–4.73), ,0.001

Chest X-ray

Cavities 38 (12.5) 266 0.73 (0.51–1.04), 0.08 0.80 (0.52–1.24), 0.32

No cavities 314 (16.4) 1,598

(Continued )
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immigrant visa is issued, as well as activities of the San Francisco
TB control section targeted to the Chinese population. Our find-
ings also suggest that additional research is needed to identify
foreign-born persons at higher risk of TB, but who do not meet
the current national targeted testing and LTBI treatment criteria
(27). Some of the characteristics of TB among Mexico-born
patients were similar to the U.S.-born patients: higher rates oc-
curred among young people, the HIV-infected, the homeless, and
alcohol users. Patients born in Mexico had the highest proportion
of cavitary TB, suggesting that these patients may have had a lon-
ger duration of disease. Studies have demonstrated that the His-
panic population living in the United States does not seek medical
attention in the early stages of any disease because of language
barriers, lack of access to health care, or fear of deportation (28–
30). The overall profile of this group speaks to the need for cultur-
ally appropriate strategies of aggressive outreach such as awareness
campaigns for HIV and TB screening.

In each of the populations included in the study, most of the
TB cases had a sympatric association with the M.tb lineage,
although 25% of Chinese patients had an allopatric association
(TB due to lineage 4 M.tb). However, recent population-based
studies in several regions of China showed that lineage 4 caused
TB in 12 to 30% of the cases of TB (31, 32). Therefore, the
distribution observed in San Francisco may simply reflect the
current M.tb populations circulating in China.

There has been a decline in the incidence rate of secondary
cases; however, the decline in incidence in the past 20 years has
been greater for the U.S.-born population. As previously dem-
onstrated, sympatric associations were more conducive to the oc-
currence of active TB than allopatric associations in all four
populations, probably because mycobacterial lineages are adapt-
ed to specific human populations (12). However, social and
environmental factors could also have an impact on these asso-
ciations. The other risk factors for TB due to recent infection
were different among the major foreign-born and U.S. popula-
tions. Younger age has been traditionally associated with TB
due to recent infection and older age with TB due to reactiva-
tion of latent infection (33). Surprisingly, we found the opposite
among China-born patients; older patients had TB due to recent
infection with rapid progression to disease, which may be due to
transmission within households. Higher secondary cases from
elderly China-born patients should signal the need for intensi-
fied contact investigation and LTBI treatment in this group.

Patients infected with an INH-susceptible M.tb strain were as-
sociated with secondary case generation only within the U.S.-born
group. Stated differently, we found that patients with TB caused by
INH-resistant strains were less likely to cause secondary cases in
the U.S.-born population. Several studies have shown that INH-
resistant mutations in katG other than S315T are less likely to cause
secondary cases (34–37). Although analysis of the resistance-
conferring mutations was not within the scope of this project, it is
possible that patients from the United States with INH-resistant
TB have M.tb with mutations other than katG S315T.

HIV has traditionally been associated with recent TB infec-
tion and rapid evolution to disease in U.S.-born persons (2, 4–6).

The stratified analysis showed that HIV is still a factor for re-
cent infection and rapid evolution to disease in the period of
2000 to 2010 in spite of the broad use of antiretroviral treatment
and the decrease in HIV-TB cases.

POLICY IMPLICATIONS

The rate of TB decline in San Francisco has slowed in the last de-
cade, and has not occurred uniformly among the various popula-
tions. This study suggests that to eliminate TB, population-specific
strategies are required. The smallest decline occurred among the
Mexican-born patients, who had the highest frequency of coinfec-
tion with HIV among the foreign-born groups and had the highest
proportion of cavitaryTB, perhaps due to delay in seekingmedical
attention. For this group, an aggressive outreach program with
public awareness campaigns and bidirectional screening of per-
sons living with HIV for TB and persons with TB for HIV should
be implemented. Among Filipino patients, the high rate of INH
resistance (15%) suggests the need for implementing rifamycin-
based preventive treatment, such as the 12-dose, 3-month short-
course rifapentine-based regimen (38). In the U.S.-born patients,
the efforts started in the 1990s to address both TB and HIV
among the homeless in San Francisco should be continued and
expanded to the Mexican-born population, as these are still im-
portant risk factors for TB in San Francisco. Consideration
should be given to target testing for LTBI regardless of age and
time living in the United States in the Chinese population to
identify those who would benefit from preventive therapy, es-
pecially among those with other risk factors for TB infection
and progression (i.e., tobacco and diabetes). However, neither
the risk benefit nor the cost benefit of such a strategy is known.

At this point, knowledge ofM.tb lineage does not have a direct
impact on TB control in San Francisco. However, we and others
have demonstrated that the various lineages and sublineages of
M.tb have distinct clinical and epidemiological phenotypes, in-
cluding their pathogenicity (11, 39–42). If bacterial factors asso-
ciated with pathogenicity are found, it may be possible in the
future to determine which patients are more likely to transmit
and cause secondary cases among their contacts, enabling imple-
mentation of specific strategies directed toward these contacts.

There are some limitations in our study. First, the denominator
of each foreign-born population used to estimate the incidence
rate was drawn from various sources and available only since
2000 and may not account for unregistered immigrants or for
changes in the immigration/emigration patterns over time. Sec-
ond, the proportion of foreign-born populations that were pre-
screened for tuberculosis in their home country before entering
permanently to the United States may be different. Third, we in-
cluded only 2,419 (74%) of 3,278 culture-positive cases. However,
we believe that the differences observed between those included
and those excluded from the study will not impact our conclusions.

CONCLUSIONS

We have presented evidence that the clinical, epidemiological,
and microbiological characteristics of TB differ among patients

TABLE 3. (CONTINUED)

Place of Birth Patient Characteristic

Secondary Cases*

[n (%)]

Unique or Index

Cases (n)

Unadjusted OR (95% CI),

P Value

Adjusted† OR (95% CI),

P Value

Initial drug resistance

INH resistant 12 (5.1) 225 0.26 (0.14–0.47), ,0.001 0.33 (0.17–0.62), ,0.001

INH susceptible 342 (17.2) 1,650

Definition of abbreviations: CI ¼ confidence interval; HIV ¼ human immunodeficiency virus; INH ¼ isoniazid; OR ¼ odds ratio.

*Matched by restriction fragment length polymorphism (RFLP) typing within 1 year.
yAdjusted for positive sputum smear and cavitary disease (known risk factors for transmission), and all factors with P , 0.20 in bivariate (unadjusted) analysis as shown.
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born in the United States, China, the Philippines, and Mexico.
The causes of these differences are unclear but are likely multi-
factorial and may include social, environmental, and comorbid
conditions, and the presence or absence of effective public health
interventions as well as preimmigration screening in their
countries of origin. These differences can be used to inform
TB control policies and measures and point to more targeted
interventions of the future.

Author disclosures are available with the text of this article at www.atsjournals.org.
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