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Transmission of multidrug-resistant tuberculosis in the USA: 
a cross-sectional study
Patrick K Moonan, Larry D Teeter, Katya Salcedo, Smita Ghosh, Shama D Ahuja, Jennifer Flood, Edward A Graviss

Summary
Background Multidrug-resistant (MDR) tuberculosis is a potential threat to tuberculosis elimination, but the extent of 
MDR tuberculosis disease in the USA that is attributable to transmission within the country is unknown. We assessed 
transmission of MDR tuberculosis and potential contributing factors in the USA.

Methods In a cross-sectional study, clinical, demographic, epidemiological, and Mycobacterium tuberculosis genotype 
data were obtained during routine surveillance of all verifi ed cases of MDR tuberculosis reported from eight states in 
the USA (California from Jan 1, 2007, to Dec 31, 2009; Texas from Jan 1, 2007, to March 31, 2009; and the states 
of Colorado, Maryland, Massachusetts, New York, Tennessee, and Washington from Jan 1, 2007 to Dec 31, 2008). In-
depth interviews and health-record abstraction were done for all who consented to ascertain potential interpersonal 
connections. 

Findings 168 cases of MDR tuberculosis were reported in the eight states during our study period. 92 individuals 
(55%) consented to in-depth interview. 20 (22%) of these individuals developed MDR tuberculosis as a result of 
transmission in the USA; a source case was identifi ed for eight of them (9%). 20 individuals (22%) had imported 
active tuberculosis (ie, culture-confi rmed disease within 3 months of entry into the USA). 38 (41%) were deemed to 
have reactivation of disease, of whom 14 (15%) had a known previous episode of tuberculosis outside the USA. Five 
individuals (5%) had documented treatment of a previous episode in the USA, and so were deemed to have relapsed. 
For nine cases (10%), insuffi  cient evidence was available to defi nitively classify reason for presentation. 

Interpretation About a fi fth of cases of MDR tuberculosis in the USA can be linked to transmission within the country. 
Many individuals acquire MDR tuberculosis before entry into the USA. MDR tuberculosis needs to be diagnosed 
rapidly to reduce potential infectious periods, and clinicians should consider latent tuberculosis infection treatment—
tailored to the results of drug susceptibility testing of the putative source case—for exposed individuals. 

Funding Centers for Disease Control and Prevention. 

Introduction
Drug-resistant tuberculosis is a major public health 
problem worldwide.1–5 WHO estimates that more than 
650 000 cases of multidrug-resistant (MDR) tuber-
culosis—defi ned as Mycobacterium tuberculosis resistant 
to at least isoniazid and rifampicin—emerge globally 
every year.6 The development of drug resistance can be 
attributed to several factors, such as poor adherence to 
treatment, inadequate clinical management, drug 
malabsorption, and unstable drug supply.7 Person-to-
person transmission of MDR tuberculosis could be 
further fuelled by slow bacteriological conversion, 
delayed diagnosis and initiation of MDR-specifi c 
treatment, and treatment failure, as suggested by 
widespread outbreaks and secondary transmission of 
MDR tuberculosis within individual households and 
communities.8–10 Migration of foreign-born individuals 
from areas with a high burden of MDR tuberculosis to 
those with a low burden could be an important factor.11–13 
A multiyear study of all cases of MDR tuberculosis 
reported in California, USA, showed that 92% were 
foreign-born individuals.14 

MDR tuberculosis has a substantial economic eff ect on 
programmatic activities, which is a result of treatment 

costs of long regimens, frequent admissions to hospital, 
and the necessary use of injectable drugs.15 Although 
some control programmes have successfully reduced 
transmission of MDR tuberculosis,16–18 the extent of MDR 
tuberculosis attributable to transmission in the USA is 
unknown. Previous studies14,17,18 have not had wide 
geographical scopes or in-depth examination of 
epidemiological and clinical information that is necessary 
to confi rm transmission. In this study, we analysed 
M tuberculosis genotyping data and interpersonal 
connections between cases of MDR tuberculosis to 
assess potential factors contributing to transmission in 
eight US states.

Methods
Study population
This cross-sectional study was undertaken by the 
Tuberculosis Epidemiologic Studies Consortium 
(TBESC).19 It in cluded all verifi ed cases of MDR 
tuberculosis reported to the US National Tuberculosis 
Surveillance System (NTSS) and National Tuberculosis 
Genotyping Service (NTGS) from eight states: California 
from Jan 1, 2007, to Dec 31, 2009; Texas from Jan 1, 2007, 
to March 31, 2009; and Colorado, Maryland, 
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Massachusetts, New York, Tennessee, and Washington 
from Jan 1, 2007 to Dec 31, 2008. Study periods were 
staggered because of delays in study approval in several 
sites and extended funding in California.

The institutional review boards of the Centers for 
Disease Control and Prevention (CDC) and all 
participating institutions19 approved the study. All 
interviewed participants gave written informed consent.

Procedures
Clinical, demographic, epidemiological, and M tuberculosis 
genotype variables for each case were obtained during 
routine surveillance, as described elsewhere.20 Additionally, 
for all individuals who gave consent, interviews (with a 
structured and standardised face-to-face questionnaire) 
and health-record abstraction were done by trained study 
staff  to ascertain potential interpersonal connections 
(appendix). Health records were hospital-based medical 
records and public health records, which included contact 
investigation logs. 

We defi ned drug resistance as any resistance on a drug 
susceptibility test (DST) reported to NTSS or identifi ed 
during health-record abstraction. Results from con-
ventional DST (ie, liquid-based or agar-based media) 
were used for NTSS reporting. Results of rapid drug-
resistance tests (ie, molecular beacon, line probe assay, or 
other molecular test) were not included. 

Isolates of the M tuberculosis complex were characterised 
with a standardised protocol for spacer oligonucleotide 
typing (spoligotyping), mycobacterial inter spersed repeti-
tive-unit–variable-number tandem-repeat (MIRU–VNTR) 
genotyping, and IS6110 restriction fragment length 
polymorphism (IS6110-RFLP) analysis as part of routine 
molecular surveillance at two contract laboratories with 
documented quality of performance and re-
producibility.20,21 For the purposes of this study, a genotype 

was defi ned as a discrete combination of spoligotype and 
12-locus MIRU-VNTR results (ie, an exact match on all 
loci). When available, extended typing methods, 24-locus 
MIRU-VNTR, or IS6110-RFLP fi ngerprinting, or any 
combination of the three, were done to increase 
specifi city.21 

We defi ned genotype clusters as at least two cases of 
MDR tuberculosis, of which at least one was a study case, 
that had matching genotypes in a specifi c TBESC state 
between Jan 1, 2005, and June 30, 2011 (surveillance 
period). We created the surveillance period to allow 
suffi  cient time to estimate recent transmission within 
genotype clusters and to include potential transmission 
events with non-study cases. When extended typing 
methods were available, we defi ned genotype clusters as 
at least two cases of MDR tuberculosis with matching 
genotype and extended method data (ie, exact match on 
all 24-loci MIRU-VNTR or IS6110-RFLP patterns). Study 
cases with no matching genotype, or, when applicable, 
with matching genotype but diff erent extended typing 
results, were deemed to be non-clustered. A conservative 
approach to defi nition of genotype clusters was taken, 
because nationally defi ned cluster proportions were 
shown to be greater than 75% in other studies.22,23 

We defi ned epidemiological links as named contacts or 
shared transmission venues identifi ed during interview 
or documented as part of standardised tuberculosis 
contact investigation activities.24 Briefl y, contact investi-
gations are multistep processes, in which contacts are 
systematically assessed on the basis of the amount of 
time spent with the infectious person, the environmental 
conditions of the transmission venue, and the host 
susceptibility to tuberculosis infection in individuals who 
are in close contact.24,25 Although genotype cluster 
defi nitions were based on state, the same strain could be 
in several states, and we applied no restriction for 
documentation of transmission occurring between states 
or set by arbitrary periods through epidemiological links.

We defi ned an index case as the fi rst case of tuberculosis 
identifi ed in a genotype cluster by case date (eg, earliest 
count date, treatment start date, or report date). 
Spoligotype and 12-locus MIRU-VNTR results were used 
to assign phylogenetic lineage, as described elsewhere.26 
To establish the likelihood of transmission in the USA, we 
classifi ed cases on the basis of genotype, report date, and 
epidemiological link. Unlikely transmission was defi ned 
as cases of MDR tuberculosis with non-clustered 
genotypes reported in the same state (with or without 
extended typing data), and no epidemiological link. 
Possible transmission was defi ned as study cases for 
which at least one other case of MDR tuberculosis with 
matching genotype (with or without extended typing data) 
had been reported in the same state, but with no 
epidemiological link. Defi nite transmission was defi ned 
as study cases with at least one other case of MDR 
tuberculosis with matching genotype (with or without 
extended typing data) and an epidemiological link. To 

Criteria

Defi nite transmission Documented transmission in the USA from a known source; no previous 
history of latent infection or active disease

Possible transmission Putative transmission in the USA from an unknown source; no previous 
history of latent infection or active disease

Imported active tuberculosis Foreign-born individual who was diagnosed with MDR tuberculosis within 
3 months of entry into the USA, or who had symptom onset before entry 
and a subsequent MDR tuberculosis isolate obtained in the USA

Reactivation of remotely 
acquired tuberculosis 
infection*

Individuals with non-clustered genotypes (ie, unique) reported in the same 
state with no epidemiological link

Known tuberculosis episode 
outside the USA

Foreign-born individual who had no evidence of active disease at entry into 
the USA and no evidence of transmission of MDR disease within the USA; 
documented tuberculosis treatment outside of the USA; subsequent relapse 
after more than 3 months in the USA

Known relapse of MDR 
tuberculosis within the USA

Treatment of a previous episode within the USA; no evidence of exposure to 
another case

Unable to classify Insuffi  cient evidence to classify into one of the other categories

MDR=multidrug-resistant. *Infection acquired in the distant past.

Table 1: Categories of reason for disease occurrence 

See Online for appendix
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classify the reason for disease occurrence, we developed 
seven categories (table 1). 

Statistical analyses
We compared the distribution of clinical, demographic, 
and epidemiological characteristics of clustered and non-
clustered cases of MDR tuberculosis with diff erences of 
proportion, as assessed by Pearson’s χ² or Fisher’s exact 
test when the cell count was less than fi ve. We used the 
Shapiro-Wilk test to test for normality. Unless otherwise 
specifi ed, we used median values with IQRs as a measure 
of central tendency to avoid extreme values. We used 
relative risk and 95% CIs to assess the association of 
specifi c variables with the outcome of tuberculosis 
transmission. We used SAS (version 9.3) for all analyses. 

Role of the funding source
The CDC Division of Tuberculosis Elimination and the 
TBESC led study design, training for data collection and 
monitoring, data analysis, data interpretation, and 
writing of the report. The corresponding author had full 
access to all the data in the study and had fi nal 
responsibility for the decision to submit for publication.

Results
During the study periods, 29 050 verifi ed cases of 
tuberculosis were reported in the USA. Of these, 22 725 
(78%) were culture positive, including 22 222 (76%) with 
DST results for isoniazid and rifampicin. Of individuals 
with reported DST results, 268 (1%) had MDR 
tuberculosis. 168 (63%) of these individuals with MDR 
disease were reported from the eight study sites, of 
whom 92 (55%) consented to an in-depth interview. For 
the other 76 (45%), analysis was limited to routinely 
obtained surveillance variables. 

Individuals who were members of genotype clusters 
were more likely to be male (p<0·0001), be Hispanic 
(p<0·0001), be in prison at time of diagnosis (p=0·01), and 
have an M tuberculosis isolate of Euro-American lineage 
(p=0·004) than were non-members (table 2). 
144 individuals (86%) with MDR tuberculosis were born 
outside of the USA, but the proportion of individuals born 
outside the USA who were or were not members of 
clusters did not diff er signifi cantly (p=0·53; table 2). 
Additionally, we recorded no signifi cant diff erences in 
clinical characteristics—the proportion with a positive 
sputum smear (p=0·77), pulmonary disease (p=0·37), or 
cavitation on chest radiography (p=0·35) did not 
signifi cantly diff er between cases that were and were not 
part of a genotype cluster (table 2). 

Clinical, demographic, and genotypic characteristics 
did not diff er between individuals with MDR tuberculosis 
from TBESC states and those in the rest of the USA 
during the study period, with the exception of ethnic 
origin. TBESC states had more Hispanic (54 [32%] of 168 
vs 23 [23%] of 100; p<0·0001) and Asian individuals 
(89 [54%] vs 41 [41%]; p=0·001), and fewer black (15 [9%] 

vs 23 [23%]; p<0·0001) and white individuals (10 [6%] vs 
13 [13%]; p=0·003) than elsewhere in the country. 
Clinical, demographic, and genotypic characteristics did 
not diff er between individuals who did and did not 
consent to interview (data not shown). 

In the 92 individuals who consented to an in-depth 
interview and health-record abstraction, eight (9%) 
developed MDR tuberculosis as a result of transmission in 
the USA from a known source case. 12 (13%) developed 
MDR disease as part of a transmission event in the USA, 
but no known source case was identifi ed; four were 
identifi ed as the source case for others in the USA. 
20 (22%) had imported active tuberculosis. 38 individuals 

Part of genotype cluster Total 
(n=168)

Relative risk 
(95% CI)

Yes (n=26) No (n=142)

Sex*  

Male 19 (76%) 61 (45%) 80 3·2 (1·4–7·7)

Female 6 (24%) 76 (55%) 82 ··

Hispanic ethnic origin  

Yes 18 (69%) 36 (25%) 54 4·8 (2·2–10·2)

No 8 (31%) 106 (75%) 114 ··

Country of birth  

USA 4 (15%) 20 (14%) 24 1·1 (0·4–2·9)

Other 22 (85%) 122 (86%) 144 ··

Homelessness within the past 12 months

Yes 4 (15%) 8 (6%) 12 2·4 (1·0–5·7)

No 22 (85%) 134 (94%) 156 ··

Substance abuse within the past 12 months

Yes 6 (23%) 18 (13%) 24 1·8 (0·8–4·0)

No 20 (77%) 124 (87%) 144 ··

In prison at time of diagnosis 

Yes 4 (15%) 3 (2%) 7 4·2 (2·0–8·9)

No 22 (85%) 139 (98%) 161 ··

Pulmonary involvement  

Yes 23 (88%) 131 (92%) 154 0·7 (0·2–2·0)

No 3 (12%) 11 (8%) 14 ··

Positive sputum smear

Yes 15 (58%) 79 (56%) 94 1·1 (0·5–2·2)

No 11 (42%) 63 (44%) 74 ··

Cavitary chest radiograph†

Yes 10 (38%) 46 (33%) 56 1·2 (0·6–2·5)

No 16 (62%) 95 (67%) 111 ··

Previous tuberculosis diagnosis

Yes 2 (8%) 30 (21%) 32 0·3 (0·1–1·4)

No 24 (92%) 112 (79%) 136 ··

Euro-American Mycobacterium tuberculosis lineage

Yes 19 (73%) 57 (40%) 76 3·3 (1·5–7·4)

No 7 (27%) 85 (60%) 92 ··

*Data not reported as part of routine surveillance for six individuals: one in 
genotype cluster and fi ve not in genotype cluster. †Data not reported as part of 
routine surveillance for one individual who was not in genotype cluster. 

Table 2: Characteristics of patients with multidrug-resistant tuberculosis 
for whom genotyped isolates were available 
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(41%) were deemed to have reactivation of tuberculosis, of 
whom 14 (15%) had a known previous episode of 
tuberculosis outside the USA. Five individuals (5%) had 
documented treatment of a previous episode within the 
USA, and so were deemed to have relapsed. For nine cases 
(10%), insuffi  cient evidence was available to defi nitively 
classify reason for presentation. 

Of the 92 individuals who underwent in-depth 
interview and health-record abstraction, 26 (28%) had the 
same genotype as another case of MDR tuberculosis in 
the same state during the surveillance period. Extended 
typing data were available for comparison for all but two 
pairs of cases. The lack of extended genotyping results in 
these cases did not aff ect classifi cation of the likelihood 
of transmission. 14 M tuberculosis clusters were associated 
with US transmission (table 3). 13 (93%) M tuberculosis 
isolates were of Euro-American phylogenetic lineage. 
Eight clusters (57%) had an identifi able source case, 
seven (50%) were characterised by abuse of illicit drugs 
or alcohol, two (14%) included confi rmed transmission to 
a child,27 and one included transmission across state 
lines (table 3).8 

Overall, people with MDR tuberculosis attributed to 
transmission in the USA were more likely to be male 
(p<0·0001), have been born in the USA (p<0·0001), be of 
Hispanic ethnic origin (p<0·0001), abuse illicit drugs or 
alcohol (p<0·0001), and to have an M tuberculosis isolate 
of Euro-American lineage (p<0·0001) than were those 
who had disease not attributed to transmission in the 
USA (table 4).

75 (82%) of the 92 individuals who had an in-depth 
interview and health-record abstraction were born 
outside the USA. The 12 individuals whose disease was 
linked with transmission in the USA but of unknown 
source were all born outside the USA, and four were 
identifi ed as the source case for others. Nine were 
diagnosed at least 12 months after US entry, and none 
had a US medical examination on arrival in the country.13 
For the eight individuals for whom a known source case 
was identifi ed, only three source cases were born in the 
USA. There were two US-born, paediatric MDR 
tuberculosis cases included in the study: both children 
were infected by people born outside the USA who had 
been diagnosed with MDR tuberculosis within 12 

Spoligotype 24-locus MIRU-VNTR IS6110-RFLP 
band copies

Lineage Ethnic origin of 
index or source 
case

Country of 
birth of index 
or source case

Potential transmission 
factors 

Transmission 
source

1 777777777760771 223425153322 8 Euro-American White USA Binational case 
management*

Source case 
identifi ed

2 777777777720771 225325153323232%34423336† 7 Euro-American, 
Haarlem

Hispanic Peru None identifi ed Source case 
identifi ed

3 000000000003771 223326173531 17 East Asian, Beijing Black USA Excessive alcohol use; illicit 
drug use

Unknown

4 777777774020771 225325153323 11 Euro-American, 
Haarlem

Hispanic Peru None identifi ed Source case 
identifi ed

5 777777607760771 224226153321443424115228 14 Euro-American, LAM Hispanic Guatemala Excessive alcohol use; illicit 
drug use; homeless

Source case 
identifi ed

6 777776777760601 224325143323243234423336 2 Euro-American, X Hispanic USA Excessive alcohol use; illicit 
drug use; unemployment

Source case 
identifi ed

7 777777607760771 224226153321543424115228 12 Euro-American, LAM Hispanic USA Homeless; transmission to a 
child

Source case 
identifi ed

8 777777607760771 224226153321 12/13 Euro-American, LAM Hispanic Mexico Binational case 
management*; excessive 
alcohol use; illicit drug use

Source case 
identifi ed

9 777777607760771 224327143221 10 Euro-American, LAM Black USA Unemployment Unknown 

10 777777777760771 223321153224 11 Euro-American Hispanic Peru Excessive alcohol use Unknown

11‡ 767777777760771 223425143322242324223324 NA Euro-American Hispanic Guatemala Occupational exposure; 
transmission to a child

Source case 
identifi ed

12§ 477777777720771 227325153323233534423335 10 Euro-American, 
Haarlem

Hispanic Mexico Migrant worker; occupational 
exposure; transmission 
between jurisdictions

Unknown

13 777776777760771 224325153314 4 Euro-American, X Hispanic USA Binational case 
management*; excessive 
alcohol use; incarceration

Unknown

14 777777607760731 224226153321543324115224 13 Euro-American, LAM Hispanic Mexico Diabetes; excessive alcohol 
use; illicit drug use

Unknown

MIRU-VNTR=mycobacterial interspersed repetitive-unit–variable-number tandem-repeat. IS6110-RFLP=IS6110 restriction fragment length polymorphism. LAM=Latin American Mediterranean. NA=not 
available. *Patients who are residents of Mexico and clinically managed in the USA. †The % sign represents either 6 or 7 at MIRU-VNTR loci 2163b. ‡Investigated by the Centers for Disease Control and Prevention 
as part of an outbreak investigation.27 §Investigated by the Centers for Disease Control and Prevention as part of an outbreak investigation.8

Table 3: Genotype and risk characteristics of identifi ed clusters attributed to transmission in the USA 
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months of arrival in the USA. Median times between 
date of US entry and diagnosis was 9 years (IQR 6–25) 
for cases that could be attributed to transmission in the 

USA, and 4 years (1–9) for those that could not be 
attributed. 

Notably, three individuals with extensively drug-
resistant tuberculosis (from Kyrgyzstan, Nepal, and 
Russia) were categorised as imported disease, because 

Disease linked with 
transmission in the 
USA

Total 
(n=92)

Relative 
risk 
(95% CI)

Yes (n=20) No (n=72)

Sex  

Male 15 (75%) 29 (40%) 44 3·1 
(1·2–8·3)

Female 5 (25%) 43 (60%) 48 ··

Age (years)*

0–4 1 (5%) 0 1 ··

5–14 1 (5%) 0 1 ··

15–24 2 (10%) 15 (21%) 17 ··

25–44 7 (35%) 34 (47%) 41 ··

45–64 9 (45%) 21 (29%) 30 ··

≥65 0 2 (3%) 2 ··

Aged <25 years

Yes 4 (20%) 15 (21%) 19 1·0 
(0·4–2·5)

No 16 (80%) 57 (79%) 73 ··

Ethnic origin†

Asian 0 38 (53%) 38 ··

Black 2 (10%) 7 (10%) 9 ··

Hispanic 17 (85%) 20 (28%) 37 ··

White 1 (5%) 7 (10%) 8 ··

Hispanic ethnic origin  

Yes 17 (85%) 20 (28%) 37 8·4 
(2·7–26·7)

No 3 (15%) 52 (72%) 55 ··

Country of birth

USA 8 (40%) 9 (13%) 17 2·9 
(1·4–6·1)

Other 12 (60%) 63 (88%) 75 ··

Homelessness within the past 12 months

Yes 3 (15%) 4 (6%) 7 2·1 
(0·8–5·6)

No 17 (85%) 68 (94%) 85 ··

Abuse of alcohol or illicit drugs within the past 12 months

Yes 9 (45%) 6 (8%) 15 4·2 
(2·1–8·3)

No 11 (55%) 66 (92%) 77 ··

In prison at time of diagnosis 

Yes 1 (5%) 1 (1%) 2 2·3 
(0·6–10·0)

No 19 (95%) 71 (99%) 90 ··

Resident of a long-term care facility at time of diagnosis 

Yes 1 (5%) 1 (1%) 2 2·3 
(0·6–10·0)

No 19 (95%) 71 (99%) 90 ··

Reported HIV status  

Positive 2 (10%) 2 (3%) 4 2·4 
(0·8–7·1)

Not positive 18 (90%) 70 (97%) 88 ··

(Continues in next column)

Disease linked with 
transmission in the 
USA

Total 
(n=92)

Relative 
risk 
(95% CI)

Yes (n=20) No (n=72)

(Continued from previous column)  

Clinical presentation‡  

Pulmonary only 16 (80%) 66 (92%) 82 ··

Extrapulmonary only 2 (10%) 2 (3%) 4 ··

Both pulmonary and 
extrapulmonary

2 (10%) 4 (6%) 6 ··

Pulmonary involvement  

Yes 18 (90%) 70 (97%) 88 0·4 
(0·1–1·2)

No 2 (10%) 2 (3%) 4 ··

Extent of disease§  

Extensive 11 (55%) 40 (56%) 51 ··

Moderate 0 5 (7%) 5 ··

Non-extensive 9 (45%) 26 (36%) 35 ··

Unknown 0 1 (1%) 1 ··

Positive sputum smear  

Yes 13 (65%) 45 (63%) 58 1·1 
(0·5–2·5)

No 7 (35%) 27 (38%) 34 ··

Cavitary chest 
radiograph 

 

Yes 7 (35%) 32 (44%) 39 0·7 
(0·3–1·7)

No 13 (65%) 40 (56%) 53 ··

Previous tuberculosis diagnosis  

Yes 0 16 (22%) 16 ··

No 20 (100%) 56 (78%) 76 ··

Mycobacterium tuberculosis spoligotype-based lineage¶ 

East African Indian 0 2 (3%) 2 ··

East Asian 1 (5%) 29 (40%) 30 ··

Euro-American 19 (95%) 29 (40%) 48 ··

Indo-Oceanic 0 11 (15%) 11 ··

Mycobacterium 
africanum

0 1 (1%) 1 ··

Mycobacterium bovis 0 0 0 ··

Euro-American lineage ··

Yes 19 (95%) 29 (40%) 48 17·4 
(2·4–124·7)

No 1 (5%) 43 (60%) 44 ··

On the basis of health-record review and interview data *χ² test: p=0·06. †χ² 
test: p<0·0001. ‡χ² test: p=0·10. §χ² test: p=0·57; extensive disease when 
positive sputum smear and cavitary chest radiograph, positive sputum smear 
and bilateral infiltrates, or miliary tuberculosis; non-extensive when negative 
sputum smear and non-cavitary chest radiograph; moderate for all other 
clinical presentations. ¶χ² test: p<0·0001.

Table 4: Characteristics of patients with multidrug-resistant tuberculosis 
who consented to an in-depth interview
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diagnosis occurred within 3 months of immigration, 
their M tuberculosis isolates were non-clustering 
genotypes, and no epidemiological links were identifi ed. 

During our study period, we identifi ed 1166 people by 
contact investigation who were exposed to MDR 
tuberculosis, of whom 353 (30%) were diagnosed with 
latent tuberculosis infection. Although which individuals 
will go on to develop active MDR tuberculosis is unclear, 
with the assumption that 10% will develop active 
disease,28 35 new cases of MDR tuberculosis could 
emerge in the USA from our cohort in the absence of 
effi  cacious preventive treatment.

Discussion
In this multicentre, multiyear, population-based study, 
transmission occurred in roughly a fi fth of individuals 
with MDR tuberculosis. Although most people 
diagnosed with MDR tuberculosis were born outside of 
the USA, some were linked to transmission in the 
USA, including four individuals who were the source 
of transmission for other cases. A substantial 
proportion of MDR tuberculosis cases represented 
reactivation of tuberculosis or disease acquired outside 
the USA (20 imported active disease, 14 known 
previous episode outside the USA, fi ve documented 
treatment of previous episode within the USA; 42%), 

including 17 that were diagnosed within 3 months of 
entry into the USA.

The proportion of MDR tuberculosis cases attributed 
to transmission within the USA in our study (22%) was 
similar to that in another report of genotyped cases 
reported in the USA (23%),22 but higher than values 
reported for the state of California (14%14 and 8%18). 
However, in these previous studies,14,18,22 detailed 
information about interpersonal connections between 
cases was not available, and thus genotyping results 
alone were used as a proxy to determine tuberculosis 
transmission. In a study following the major outbreak 
of MDR tuberculosis and resurgence of tuberculosis in 
New York City (NY, USA),29 about 13% of genotyped 
MDR tuberculosis cases were epidemiologically linked 
by medical-record review and interview of patients, 
most of whom were exposed to MDR tuberculosis long 
before the study.17 

Notably, in our study, half the identifi ed source cases 
were born outside the USA. This fi nding contrasts with 
those of other studies, which have suggested that 
transmission of M tuberculosis within a country generally 
occurs between individuals born there,17,18,22,23 and rarely 
occurs between these people and those born elsewhere.30 
Therefore, our fi ndings could have important impli-
cations for algorithms that assign the likelihood of 
tuberculosis transmission in the USA in the absence of 
routinely identifi ed epidemiological linkages and because 
important transmission events might be missed in 
people born elsewhere.31

The large proportion of cases of reactivated disease 
acquired outside the USA might have been prevented 
had appropriate diagnostic screening and treatment been 
implemented at or before immigration (reducing the 
potential for transmission in the USA). Our results were 
similar to those of a cross-sectional study of all patients 
born outside the USA with an M tuberculosis isolate 
genotyped in the USA between 2005 and 2009:23 50% of 
cases were attributable to reactivation of disease acquired 
elsewhere. Importantly, the primary purpose of the 
present US immigration screening programme is to 
identify active disease, and not latent tuberculosis 
infection.32 There is no policy to test for latent tuberculosis 
infection in adults born outside the USA before or during 
the US entry process.32 Moreover, for individuals who 
already live in the USA but were born elsewhere, present 
guidelines33 recommend testing for latent tuberculosis 
infection only for those who have been in the USA for 
less than 5 years. 

More importantly, prevention of transmission and 
progression to active disease is more challenging after 
exposure to MDR M tuberculosis than after exposure to 
drug-susceptible M tuberculosis. The principal strategy 
to interrupt tuberculosis transmission and reduce the 
likelihood of remote reactivation of disease is to use 
treatment for latent infection. Several treatment 
regimens are available for people who have latent 

Panel: Research in context

Systematic review 
We searched PubMed with the term: “(tuberculosis OR TB) 
AND (multidrug resistance OR MDR) AND (transmission)” for 
reports published in any language between Jan 1, 1965, and 
April 31, 2013. We identifi ed 630 reports, of which 134 were 
of peer-reviewed studies and contained original data for the 
epidemiology of drug-resistant tuberculosis, such as 
information about patients and tuberculosis genotype data. 
In 96 studies, information about interpersonal connections 
or transmission venues (as needed to accurately identify 
transmission events) was not obtained. 35 studies were done 
in outbreak conditions or were narrowly focused on specifi c 
groups, such as health-care workers, household contacts, 
people living with HIV infection, prisoners, or miners. Of the 
remaining three population-based studies that investigated 
transmission of multidrug-resistant (MDR) tuberculosis, only 
one was based in the USA: it was done in one state more than 
a decade ago.

Interpretation
As far as we are aware, ours is the largest multicentre, 
population-based study to include detailed information 
about the potential contributing factors of transmission of 
MDR tuberculosis. We showed that as many as one in every 
fi ve individuals diagnosed with MDR tuberculosis in the USA 
could be linked to transmission. Evidence-based standardised 
regimens are urgently needed for people exposed to MDR 
tuberculosis to prevent progression to active disease. 
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tuberculosis and are exposed to drug-susceptible 
M tuberculosis, including a once weekly, 12-dose 
regimen.34 However, because all isolates of MDR 
M tuberculosis have resistance to isoniazid and 
rifampicin, most evidence-based regimens are not 
appropriate for individuals exposed to MDR 
tuberculosis. The American Thoracic Society and CDC 
recommend that immuno competent people exposed to 
MDR tuberculosis be followed up for 24 months, 
irrespective of treatment.33 When treatment is given, a 
two-drug regimen taken for 6–12 months is 
recommended if bacteria from the index case are known 
to be susceptible to pyrazinamide and ethambutol, or 
pyrazinamide and a fl uoroquinolone.33 Unfortunately 
both pyrazinamide regimens have high toxicity;35,36 thus, 
careful follow-up without any treatment is a justifi able 
option for immunocompetent individuals. Therefore, 
the decision to treat latent tuberculosis infection as 
a result of exposure to MDR disease—and how to go 
about it—remains highly controversial. 

As yet, no randomised controlled trials of the effi  cacy 
of recommended treatment combinations for latent 
MDR tuberculosis infection have been reported.37 Several 
approvals for new antituberculosis drugs are imminent, 
including some with early bactericidal activity,38,39 but 
these drugs might not be available for routine clinical 
care for several years. Because these drugs are being 
developed primarily to shorten treatment and improve 
clinical outcomes, whether they will be eff ective in 
prophylaxis or whether they should be used at all for 
latent infection to protect against potential acquired drug 
resistance is unknown.40,41

During our study, contact investigation identifi ed 1166 
individuals who were exposed to MDR tuberculosis, 
including 353 (30%) diagnosed with latent tuberculosis 
infection. Although which individuals will go on to 
develop active disease is unclear, 35 new cases will 
potentially emerge in the future in the USA from this 
cohort without effi  cacious preventive treatment.

Our study was one of the largest population-based 
studies of MDR tuberculosis transmission (panel), and 
we included all genotyped cases reported in eight states 
during the surveillance period, but only about 60% of 
eligible cases were available for in-depth interview. 
Genotypic and epidemiological linkages based on both 
interview and public health records provided a strong 
assessment of transmission between enrolled indivi-
duals, but because not all isolates received all three geno-
typing methods (ie, spoligotyping, 24-locus MIRU-VNTR 
and IS6110-RFLP), some clusters could possibly be 
divided into small subsets. Therefore, we might have 
underestimated transmission. Moreover, not all 
individuals with MDR tuberculosis, including those in 
adjacent states, were interviewed, so we might have 
under estimated the proportion of cases with epi-
demiological linkages and therefore trans mission be-
tween states. Additionally, because MDR tuber culosis 

was a rare event, our sample size was small and cell size 
could aff ect some statistical inferences.

In conclusion, although roughly four-fi fths of 
individuals with MDR tuberculosis included in our study 
were born outside the USA, a fi fth could be linked to 
transmission after immigration. These fi ndings, in 
addition to the substantial proportion of cases that were 
reactivation of MDR disease or disease acquired outside 
the USA, further emphasise the immediate need for 
evidence-based, standardised regimens to prevent 
transmission of MDR tuberculosis and progression of 
active disease. 

Contributors
PKM, JF, and EAG designed the study on behalf of the Tuberculosis 

Epidemiologic Study Consortium. LDT, KS, SG, and SDA collected data. 

PKM, LDT, SG, JF, and EAG analysed and interpreted data. All authors 

wrote the report.

Confl icts of interest
We declare that we have no confl icts of interest.

Acknowledgments
This study was funded by the CDC. The fi ndings and conclusions in 

this report are those of the authors and do not necessarily represent the 

views of the CDC. We thank Melissa Valdez for her early work in the 

organisation and management of logistical aspects of protocol 

development and initial enrolment; the TBESC sites that participated in 

data collection, health-record abstraction, and interviews with patients 

(California Department of Public Health: Ed Desmond, Dayani Nualles, 

Peter Oh, Alicia Rodriguez, Lisa Pascopella; Denver Public Health and 

Hospitals Authority: Kirsten Wall, Randall Reves; Maryland Department 

of Health and Mental Hygiene: Wendy Cronin, Heather Rutz; 

Massachusetts Department of Public Health: Sue Etkind, 

C Robert Horsburgh Jr, Sharon Sharnprapai; New York City 

Department of Health and Mental Hygiene: Holly Anger, Bianca Perri; 

New York State Department of Health, Health Research: 

Wilson P Miranda, Stephen Hughes, Margaret J Oxtoby; Tennessee 

State Health Department: Tamara Chavez-Lindell, Fernanda Maururi, 

Jon Warkentin; Texas Department of State Health Services: 

Denise Dunbar, Nicole Evert, Ken Jost Jr, Charles Wallace, 

Pandora Williams, Frank Valdez; Seattle-King County Department of 

Public Health: Masa Narita, Jenny Pang; University of North Texas 

Health Science Center at Fort Worth: Gerry Drewyer, Thad Miller, 

Guadalupe Munguia, Le Turk, Stephen Weis); staff  from the National 

Tuberculosis Genotyping Service contract laboratories, local and state 

public health laboratories, and local and state health departments who 

collected data included in these analyses; Barbara Seaworth and 

John Oeltmann for critically reading and commenting on the draft 

report; and Kashef Ijaz and Thomas Navin for contributions to the 

analytical approach. 

References
1 Abubakar I, Zignol M, Falzon D, et al. Drug-resistant tuberculosis: 

time for visionary political leadership. Lancet Infect Dis 2013; 
13: 529–39.

2 Dheda K, Migliori GB. The global rise of extensively drug-resistant 
tuberculosis: is the time to bring back sanatoria now overdue? 
Lancet 2012; 379: 773–75.

3 Zumla A, Abubakar I, Raviglione M, et al. Drug-resistant 
tuberculosis—current dilemmas, unanswered questions, challenges, 
and priority needs. J Infect Dis 2012; 205 (suppl 2): S228–40.

4 Raviglione M, Marais B, Floyd K, et al. Scaling up interventions to 
achieve global tuberculosis control: progress and new 
developments. Lancet 2012; 379: 1902–13.

5 Falzon D, Jaramillo E, Schünemann HJ, et al. WHO guidelines for 
the programmatic management of drug-resistant tuberculosis: 2011 
update. Eur Respir J 2011; 38: 516–28.

6 WHO. Multidrug and extensively drug-resistant TB (M/XDR-TB): 
2011 global report on surveillance. Geneva: World Health 
Organization, 2012.



Articles

8 www.thelancet.com/infection   Published online June 5, 2013   http://dx.doi.org/10.1016/S1473-3099(13)70128-2

7 Caminero JA. Multidrug-resistant tuberculosis: epidemiology, risk 
factors and case fi nding. Int J Tuberc Lung Dis 2010; 14: 382–90.

8 Barry PM, Gardner TJ, Funk E, et al. Multistate outbreak of 
MDR-TB identifi ed by genotype cluster investigation. 
Emerg Infect Dis 2012; 18: 113–16.

9 Becerra MC, Appleton SC, Franke MF, et al. Tuberculosis burden in 
households of patients with multidrug-resistant and extensively 
drug-resistant tuberculosis: a retrospective cohort study. Lancet 
2011; 377: 147–52.

10 Brostrom R, Fred D, Heetderks A, et al. Islands of hope: building 
local capacity to manage an outbreak of multidrug-resistant 
tuberculosis in the Pacifi c. Am J Public Health 2011; 101: 14–18.

11 Dara M, de Colombani P, Petrova-Benedict R, et al. Minimum 
package for cross-border TB control and care in the WHO European 
region: a Wolfheze consensus statement. Eur Respir J 2012; 
40: 1081–90. 

12 Fenner L, Gagneux S, Helbling P, et al. Mycobacterium tuberculosis 
transmission in a country with low tuberculosis incidence: role of 
immigration and HIV infection. J Clin Microbiol 2012; 50: 388–95. 

13 Liu Y, Weinberg MS, Ortega LS, et al. Overseas screening for 
tuberculosis in US-bound immigrants and refugees. N Engl J Med 
2009; 360: 2406–15. 

14 Metcalfe JZ, Kim EY, Lin SY, et al. Determinants of 
multidrug-resistant tuberculosis clusters, California, USA, 
2004–2007. Emerg Infect Dis 2010; 16: 1403–09.

15 Fitzpatrick C, Floyd K. A systematic review of the cost and cost 
eff ectiveness of treatment for multidrug-resistant tuberculosis. 
Pharmacoeconomics 2012; 30: 81. 

16 Ghebremichael S, Groenheit R, Pennhag A, et al. Drug resistant 
Mycobacterium tuberculosis of the Beijing genotype does not spread 
in Sweden. PLoS One 2010; 5: e10893.

17 Munsiff  SS, Bassoff  T, Nivin B, et al. Molecular epidemiology of 
multidrug-resistant tuberculosis, New York City, 1995–1997. 
Emerg Infect Dis 2002; 8: 1230–38. 

18 Nitta AT, Knowles LS, Kim J, et al. Limited transmission of 
multidrug-resistant tuberculosis despite a high proportion of 
infectious cases in Los Angeles County, California. 
Am J Respir Crit Care Med 2002; 165: 812–17. 

19 Katz D, Albalak R, Wing JS, et al. Setting the agenda: a new model 
for collaborative tuberculosis epidemiologic research. 
Tuberculosis (Edinb) 2007; 87: 1–6.

20 Ghosh S, Moonan PK, Cowan L, Grant J, Kammerer S, Navin TR. 
Tuberculosis genotyping information management system: 
enhancing tuberculosis surveillance in the United States. 
Infect Genet Evol 2012; 12: 782–88. 

21 Cowan LS, Hooks DP, Christianson S, et al. Evaluation of 
mycobacterial interspersed repetitive-unit-variable-number 
tandem-repeat genotyping as performed in laboratories in Canada, 
France, and the United States. J Clin Microbiol 2012; 50: 1830–31.

22 Moonan PK, Ghosh S, Oeltmann JE, Kammerer JS, Cowan LS, 
Navin TR. Using genotyping and geospatial scanning to estimate 
Mycobacterium tuberculosis transmission, United States. 
Emerg Infect Dis 2012; 18: 458–65.

23 Ricks PM, Cain KP, Oeltmann JE, Kammerer JS, Moonan PK. 
Estimating the burden of tuberculosis among foreign-born persons 
acquired prior to entering the US, 2005–2009. PLoS One 2011; 
6: e27405. 

24 National Tuberculosis Controllers Association, Centers for Disease 
Control and Prevention. Guidelines for the investigation of contacts 
of persons with infectious tuberculosis—recommendations from 
the National Tuberculosis Controllers Association and CDC. 
MMWR Recomm Rep 2005; 54: 1–47.

25 Weis S. Contact investigations: how do they need to be designed for 
the 21st century? Am J Respir Crit Care Med 2002; 166: 1016–17.

26 Click ES, Moonan PK, Winston CA, Cowan LS, Oeltmann JE. 
Relationship between Mycobacterium tuberculosis phylogenetic 
lineage and clinical site of tuberculosis. Clin Infect Dis 2012; 
54: 211–19.

27 Miramontes R, Lambert L, Haddad MB, et al. Public health 
response to a multidrug-resistant tuberculosis outbreak among 
Guatemalans in Tennessee, 2007. South Med J 2010; 103: 882–86. 

28 Tiemersma EW, van der Werf MJ, Borgdorff  MW, Williams BG, 
Nagelkerke NJ. Natural history of tuberculosis: duration and fatality 
of untreated pulmonary tuberculosis in HIV negative patients: 
a systematic review. PLoS One 2011; 6: e17601.

29 Frieden TR, Sherman LF, Maw KL, et al. A multi-institutional 
outbreak of highly drug resistant tuberculosis. JAMA 1996; 
276: 1229–35. 

30 Fenner L, Gagneux S, Helbling P, et al. Mycobacterium tuberculosis 
transmission in a country with low tuberculosis incidence: role of 
immigration and HIV infection. J Clin Microbiol 2012; 50: 388–95.

31 Lindquist S, Allen S, Field K, et al. Prioritizing tuberculosis 
genotype clusters for public health action, Washington, USA. 
Emerg Infect Dis 2013; 19: 493–96.

32 Centers for Disease Control and Prevention. CDC immigration 
requirements: technical instructions for tuberculosis screening and 
treatment, using cultures and directly observed therapy. Atlanta, 
GA: US Department of Health and Human Services, 2009.

33 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.

34 Sterling TR, Villarino ME, Borisov AS, et al. Three months of 
rifapentine and isoniazid for latent tuberculosis infection. 
N Engl J Med 2011; 365: 2155–66.

35 Horn DL, Hewlett D Jr, Alfalla C, et al. Limited tolerance of 
ofl oxacin and pyrazinamide prophylaxis against tuberculosis. 
N Engl J Med 1994; 330: 1241.

36 Langendam MW, Tiemersma EW, van der Werf MJ, Sandgren A. 
Adverse events in healthy individuals and MDR-TB contacts treated 
with anti-tuberculosis drugs potentially eff ective for preventing 
development of MDR-TB: a systematic review. PLoS One 2013; 
8: e53599.

37 Fraser A, Paul M, Attamna A, Leibovici L. Treatment of latent 
tuberculosis in persons at risk for multidrug-resistant tuberculosis: 
systematic review. Int J Tuberc Lung Dis 2006; 10: 19–23.

38 Diacon AH, Dawson R, von Groote-Bidlingmaier F, et al. 14-day 
bactericidal activity of PA-824, bedaquiline, pyrazinamide, and 
moxifl oxacin combinations: a randomised trial. Lancet 2012; 
380: 986–93.

39 Gler MT, Skripconoka V, Sanchez-Garavito E, et al. Delamanid for 
multidrug-resistant pulmonary tuberculosis. N Engl J Med 2012; 
366: 2151–60.

40 Grosset JH, Singer TG, Bishai WR. New drugs for the treatment of 
tuberculosis: hope and reality. Int J Tuberc Lung Dis 2012; 
16: 1005–14.

41 Horsburgh CR, Haxaire-Theeuwes M, Lienhardt C, et al. 
Compassionate use of and expanded access to new drugs for 
drug-resistant tuberculosis. Int J Tuberc Lung Dis 2013; 17: 146–152.


	Transmission of multidrug-resistant tuberculosis in the USA: a cross-sectional study
	Introduction
	Methods
	Study population
	Procedures
	Statistical analyses
	Role of the funding source

	Results
	Discussion
	Acknowledgments
	References


