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background

 

We hypothesized that investments to improve the control of tuberculosis in selected
high-incidence countries would prove to be cost saving for the United States by reduc-
ing the incidence of the disease among migrants.

 

methods

 

Using decision analysis, we estimated tuberculosis-related morbidity, mortality, and
costs among legal immigrants and refugees, undocumented migrants, and temporary
visitors from Mexico after their entry into the United States. We assessed the current
strategy of radiographic screening of legal immigrants plus current tuberculosis-con-
trol programs alone and with the addition of either U.S.-funded expansion of the strat-
egy of directly observed treatment, short course (DOTS), in Mexico or tuberculin skin
testing to screen legal immigrants from Mexico. We also examined tuberculosis-related
outcomes among migrants from Haiti and the Dominican Republic using the same
three strategies.

 

results

 

As compared with the current strategy, expanding the DOTS program in Mexico at a cost
to the United States of $34.9 million would result in 2591 fewer cases of tuberculosis in
the United States, with 349 fewer deaths from the disease and net discounted savings
of $108 million over a 20-year period. Adding tuberculin skin testing to radiographic
screening of legal immigrants from Mexico would result in 401 fewer cases of tubercu-
losis in the United States but would cost an additional $329 million. Expansion of the
DOTS program would remain cost saving even if the initial investment were doubled, if
the United States paid for all antituberculosis drugs in Mexico, or if the decline in the
incidence of tuberculosis in Mexico was less than projected. A $9.4 million investment
to expand the DOTS program in Haiti and the Dominican Republic would result in net
U.S. savings of $20 million over a 20-year period.

 

conclusions

 

U.S.-funded efforts to expand the DOTS program in Mexico, Haiti, and the Dominican
Republic could reduce tuberculosis-related morbidity and mortality among migrants
to the United States, producing net cost savings for the United States.
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lthough the incidence of active

 

tuberculosis has declined in most high-
income countries, the global incidence of

the disease continues to increase.

 

1

 

 Migrants from
low-income countries with a high incidence of tu-
berculosis account for a growing proportion, and
often the majority, of these cases.

 

2-4

 

 Legal immi-
grants to many high-income countries undergo ra-
diographic screening for tuberculosis.

 

5,6

 

 Adjunctive
tuberculin skin testing, with treatment of latent tu-
berculosis infection, has been recommended,

 

7

 

 and
a recent decision analysis provides support for this
approach.

 

8

 

 However, the effectiveness of screen-
ing is limited by administrative problems of these
programs and poor adherence to screening, evalu-
ation, and treatment

 

9-11

 

; the failure to screen un-
documented migrants and visitors, who constitute
the majority of entrants to the United States

 

12,13

 

;
and reexposure of foreign-born residents who re-
visit their countries of origin.

 

14

 

Implementation of the World Health Organiza-
tion (WHO) strategy of directly observed treatment,
short course (DOTS),

 

15

 

 can substantially reduce the
incidence

 

16,17

 

 and prevalence

 

18

 

 of tuberculosis in
countries with a high incidence of the disease. How-
ever, because of inadequate funding,

 

19

 

 global im-
plementation of the DOTS program remains far
from complete. One strategy to reduce the incidence
of tuberculosis in high-income countries that has
received little attention is to strengthen tuberculo-
sis-control programs through the expansion of the
DOTS program in key countries that are the source
of migrants.

We estimated tuberculosis-related morbidity,
mortality, and costs associated with radiographic
screening and existing tuberculosis-control pro-
grams over a period of 20 years among Mexican-
born migrants to the United States. We compared
these results with those arising from the addition
of either a U.S.-funded expansion of the DOTS pro-
gram in Mexico or tuberculin skin testing of legal
immigrants. We conducted parallel analyses for mi-
grants entering the United States from Haiti and the
Dominican Republic.

 

general description of the model

 

We devised a decision-analysis model incorporat-
ing multiple Markov processes (TreeAgePro 2005
Health Care release 0.4, TreeAge Software) to esti-
mate the cumulative probability of active tubercu-

losis, tuberculosis-related death, and associated
costs among migrants to the United States. We used
the societal perspective, meaning that direct and in-
direct costs were included.

 

20

 

 Future expenditures
and outcomes were discounted at a rate of 3 per-
cent.

 

21

 

 Migrants were categorized as legal immi-
grants (persons applying for entry from abroad or
within the United States, refugees, asylum seekers,
and short-term laborers), undocumented migrants,
or temporary visitors. Throughout the 20-year pe-
riod, the number, age, and types of migrants enter-
ing the United States annually remained unchanged
in this analysis. We considered three source coun-
tries: Mexico for the primary analysis and Haiti and
the Dominican Republic for secondary analyses.
A more detailed description of the structure of the
model, underlying assumptions, and variables and
additional results are provided in the Supplemen-
tary Appendix (available with the full text of this ar-
ticle at www.nejm.org).

 

tuberculosis-control strategies

 

We evaluated three strategies of tuberculosis con-
trol: the current program of radiographic screening
and tuberculosis control in Mexico, radiographic
screening plus expansion of the DOTS program in
Mexico, and radiographic screening together with
tuberculin skin testing. With the use of the current
strategy, legal immigrants and refugees would un-
dergo radiographic screening when entering the
United States and current outcomes would ap-
ply.

 

5,9,22,23

 

 Current epidemiologic and tuberculo-
sis-control variables would not change in the Unit-
ed States or in Mexico over a 20-year period in this
analysis.

In the second scenario, expansion of the DOTS
program would be added to radiographic screen-
ing. The U.S. government would pay for all costs of
expanding the DOTS program in Mexico in order to
achieve WHO benchmarks of 100 percent coverage
of the population, a 70 percent rate of case detection,
and an 85 percent rate of treatment success

 

15

 

 within
three years. The rates of treatment failure, mortality,
and drug resistance would not change during the
20-year period. After the expansion of the DOTS pro-
gram, the incidence of new, smear-positive cases
would decline 6 percent annually,

 

16

 

 as would the
prevalence of latent tuberculosis infection

 

24

 

 among
departing migrants.

In the third scenario, tuberculin skin testing
would be added to radiographic screening.

 

5,8

 

 The
tuberculosis-control programs would not change in

a

methods
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Mexico, nor would relevant variables related to tu-
berculosis and human immunodeficiency virus
(HIV) infection change among migrants. We as-
sumed that tuberculin skin testing would have a
sensitivity of 99 percent

 

25

 

 and a specificity of 88 per-
cent.

 

8,26

 

 Migrants with a positive test (defined by
induration of at least 10 mm) would be prescribed
nine months of isoniazid therapy, with an efficacy

of 90 percent for isoniazid-sensitive cases of la-
tent tuberculosis

 

27

 

 and 0 percent for isoniazid-resis-
tant cases

 

28

 

 (Table 1). Overall, only 21 percent of all
screened migrants with latent tuberculosis would
complete nine months of isoniazid therapy — the
average percentage in several large-scale programs
that use tuberculin skin testing

 

9-11,38,39

 

 (see Ta-
ble S4 of the Supplementary Appendix).

 

Table 1. Modeling Variables and Assumptions.*

Variable
Legal 

Immigrants†
Undocumented

Migrants‡
Temporary 
Visitors§ Value Reference or Source

Characteristics of U.S. Entrants from Mexico

 

No. entering United States each year 174,201 961,600 633,078 2002 Yearbook of Immigra-
tion Statistics,

 

12

 

 ITA 
Office of Travel and 
Tourism Industries

 

13

 

Mean age (yr) 29 29¶ 35 2002 Yearbook of Immigra-
tion Statistics

 

12

 

Prevalence of latent tuberculosis infection (%)

Total 6.3 6.3 6.9 Styblo

 

24

 

Recent (<2 yr) 0.5 0.5 0.5

Prevalence of HIV infection (%) 0 0.3 0.3 Joint United Nations 
Programme on HIV/
AIDS

 

30

 

Prevalence of underlying multidrug-resistant 
infection

2.4 2.4 2.4 Granich et al.

 

31

 

Average income after entry ($)

1st yr 14,443 9,027 0 World Bank,

 

32

 

 Lubotsky,

 

33 

 

Green and Worswick,

 

34

 

 
Borjas

 

35

 

5th yr 18,054 14,443 0 World Bank,

 

32

 

 Lubotsky,

 

33 

 

Green and Worswick,

 

34

 

 
Borjas

 

35

 

Key variables

 

 

Screening legal immigrants

Radiographic screening

Sensitivity for active tuberculosis (%) 100 Assumption

Sensitivity for latent tuberculosis infection (%) 11 Nolan and Elarth,

 

23

 

 
Schwartzman and 
Menzies,

 

26

 

 Groth-
Peterson et al.,

 

36

 

 
Ferebee

 

37

 

Cost of screening per person ($) 16.73 Dasgupta et al.

 

9

 

Cost of medical evaluation per person if result 
abnormal ($)¿

144.36 Dasgupta et al.

 

9

 

Tuberculin skin testing

Sensitivity for latent tuberculosis infection (%) 99 WHO

 

25

 

Specificity for latent tuberculosis infection (%) 88 Khan et al.,

 

8

 

 Schwartzman 
and Menzies

 

26

 

Cost of screening per person ($) 16.51 Khan et al.

 

8

 

Cost of medical evaluation per person if test 
is positive ($)**

100.44 Dasgupta et al.

 

9
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pathogenesis, diagnosis, and treatment 
of tuberculosis

 

We included four tuberculosis-related health states:
no infection; latent tuberculosis infection, subdivid-

ed into recent infection (acquired within the past
two years) and long-standing infection (acquired at
least two years ago); active tuberculosis; and healed
active tuberculosis (treated or spontaneously re-

 

* Costs are in 2003 U.S. dollars.

 

29

 

 Direct costs were those borne by the U.S. government and health care system for the expansion of the DOTS 
strategy and tuberculosis-related screening and health care. Indirect costs are out-of-pocket expenditures by patients and their families and 
lost wages due to death, disability, or provision of care.

† Among legal immigrants, the prevalence of human immunodeficiency virus (HIV) infection is effectively 0, owing to immigration regula-
tions. We assumed that immigrants would visit their country of origin for two weeks every other year, beginning two years after entry.

‡ We assumed that undocumented migrants stay in the United States up to 20 years and visit their country of origin for 2 weeks every other 
year beginning 5 years after entry. We assumed that the prevalence of seropositivity for HIV and rate of death from HIV were similar to those 
in the general population of source countries.

 

30

 

§ The number of person-years in the United States is determined by multiplying the total number of visitors by the average length of stay in 
days, and then dividing the value by 365. We assumed that the visitors will not work in the United States (no income) or make return visits 
and that the prevalence of seropositivity for HIV among visitors would be the same as that for undocumented migrants.

¶ We assumed that the mean age and prevalence of latent tuberculosis infection among undocumented migrants are the same as those among 
legal immigrants.

¿ Medical evaluation for abnormal radiographic screening includes an initial clinic visit, a consultation, repeated radiographic screening, tu-
berculosis skin testing, three sputum smears, blood tests, and follow-up visit (clinic and physician charges).

** Medical evaluation for a positive tuberculin skin test includes an initial clinic visit, consultation, radiographic screening, and blood tests.
††These costs are extrapolated from a DOTS-expansion project in Ecuador and include those related to infrastructure, equipment, materials, 

personnel, and training.

 

46

 

‡‡Drug costs are for the treatment of all new smear-positive cases, including retreatment if required during the 20-year period of analysis. Unit 

 

prices are from the Global Drug Facility.

 

47

 

Table 1. (Continued.)

Variable
Legal 

Immigrants†
Undocumented

Migrants‡
Temporary 
Visitors§ Value Reference or Source

 

Tuberculosis treatment in United States

Latent tuberculosis infection

Cost of treatment per person ($) 281.69 Dasgupta et al.

 

9

 

Cost of drug-induced hepatitis per person ($) 9,257 Khan et al.

 

8

 

Likelihood of person with positive test completing 
treatment (%)

21 Dasgupta et al.,

 

9

 

 British 
Columbia Center for 
Disease Control,

 

11

 

 
Blum et al.,

 

38

 

 Catlos et 
al.,

 

39

 

 Moran-Mendo-
za,

 

40

 

 Yuan et al.,

 

41

 

 
Lauzardo M: unpub-
lished data

Likelihood of isoniazid-induced hepatitis (%) 1 Kopanoff et al.,

 

42 

 

Nolan 
et al.

 

43

 

Likelihood of hospitalization if hepatitis develops (%) 9 Nolan et al.

 

43

 

Active tuberculosis

Likelihood of cure (%) 91.5 CDC

 

44

 

Direct costs per person ($) 36,045 Brown et al.

 

29

 

Indirect costs per person ($) 2,262 Questionnaire

Costs associated with expansion of DOTS 
strategy in Mexico

DOTS coverage in 2002 in Mexico (%) 70 Lee et al.

 

45

 

Initial costs of DOTS expansion in Mexico ($)†† 34.9 
million

Vaca et al.

 

46

 

Costs of antituberculosis drugs in Mexico for 
20 yr ($)‡‡

2.8 
million

Global Drug Facility

 

47
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solved). Latent and active tuberculosis were mod-
eled as drug-sensitive, resistant to a single drug, or
multidrug-resistant. The prevalence of recent and
long-standing latent tuberculosis infection reflect-
ed migrants’ mean age at entry

 

12

 

 and the annual risk
of infection,

 

24

 

 derived from the incidence of smear-
positive cases in the source country.

 

48

 

 Among HIV-
negative migrants with a recent diagnosis of latent
tuberculosis infection, we estimated that the infec-
tion would become active in 5 percent in the first
two years after entry into the United States,

 

49

 

 with
an annual rate thereafter of 0.1 percent if the chest
x-ray film showed no abnormalities

 

23,50

 

 and of 0.6
percent if the film showed abnormalities.

 

23

 

 We also
accounted for the possibility that migrants could
become infected during return visits to their coun-
tries of origin.

We assumed that the outcomes among treated
migrants would equal those among U.S.-born
persons.

 

2

 

 The mortality rate among persons with
undiagnosed smear-positive tuberculosis was as-
sumed to be 33 percent annually,

 

51

 

 and 25 percent
of cases were assumed to resolve spontaneously.

 

52

 

effect of hiv infection

 

We modeled three HIV-related health states: unin-
fected, early infection (asymptomatic), and late
infection (clinical acquired immunodeficiency syn-
drome). The number of HIV-infected legal immi-
grants entering the United States is negligible, but
the prevalence of seropositivity for HIV among un-
documented migrants and visitors was assumed to
be similar to that in the general population of the
source countries.

 

30

 

 For migrants with both tubercu-
losis and HIV infections, the risk of active tuberculo-
sis depends on the duration of latent tuberculosis
and the stage of HIV infection,

 

53,54

 

 and the mor-
tality rate is higher, but cure and relapse rates for
active tuberculosis are similar to those among HIV-
negative migrants

 

55,56

 

 (see Table S1 of the Supple-
mentary Appendix).

 

costs

 

Costs, expressed in 2003 U.S. dollars, were catego-
rized as direct (borne by the U.S. government and
health care system for the expansion of the DOTS
program and tuberculosis-related screening and
health care) or indirect (out-of-pocket expenditures
by patients and their families and lost wages due to
disability, death, or provision of care). Costs for
expansion of the DOTS program, including those
related to infrastructure, equipment, materials, per-

sonnel, and training, were derived from a DOTS-
expansion project in Ecuador

 

46

 

 overseen by the
Canadian Lung Association (see the Supplementary
Appendix for details). Projected drug expenditures
reflected WHO incidence estimates

 

48

 

; projected
rates of failure, relapse, and defaults requiring re-
treatment; and drug prices in the Global Drug Fa-
cility.

 

47

 

Within the United States, the most important
direct cost was $36,045 for the treatment of active
tuberculosis, a value based on a comprehensive,
17-state survey of all payers

 

29

 

 (adjusted for infla-
tion

 

57

 

). Productivity losses from premature deaths
related to tuberculosis were calculated on the basis
of the expected annual income and the number of
years remaining in the 20-year simulation. To esti-
mate other indirect costs, we used a standardized
questionnaire to interview 50 patients with tuber-
culosis and their families in Montreal, New York,
and Miami. All respondents provided written in-
formed consent, and the survey was approved by
the institutional review boards of all participating
centers.

 

sensitivity and secondary analyses

 

We changed variables individually and then jointly
to assess changes in all outcomes among migrants
from Mexico. We also examined the effect of the
same three tuberculosis-control strategies among
migrants from Haiti and the Dominican Republic.

According to our model, over the 20-year period of
analysis, 35.4 million migrants are projected to en-
ter the United States from Mexico. With the current
strategy of radiographic screening and the current
tuberculosis-control program in Mexico, we esti-
mated that there would be 47,610 cases of tubercu-
losis and 5245 deaths related to tuberculosis in this
population, resulting in direct and indirect costs of
$1.985 billion and $632 million, respectively (Ta-
ble 2). If the U.S. government invested $34.9 million
to expand the DOTS program in Mexico without
changing screening or control programs in the
United States, there would be 2591 fewer cases of
tuberculosis and 349 fewer deaths related to tuber-
culosis in the United States. These numbers reflect
the projected reduction in latent tuberculosis infec-
tion, particularly recent infection, among newly ar-
rived migrants owing to the reduction in incidence
after the expansion of the DOTS program in Mexico.

results
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By preventing these cases of tuberculosis, the ex-
panded DOTS program would result in a net reduc-
tion in direct (government) spending of $84 million
and a reduction of another $24 million in indirect
costs. Of the cases of tuberculosis averted with the

implementation of the expanded DOTS program,
88 percent would have occurred among undocu-
mented migrants and visitors.

Adding tuberculin skin testing to radiograph-
ic screening for legal immigrants and refugees

 

 

* Costs are in millions of 2003 U.S. dollars. Values in parentheses are net savings. Direct costs were those borne by the U.S. government and 
health care system for the expansion of the DOTS strategy and tuberculosis-related screening and health care. Indirect costs are out-of-pocket 
expenditures by patients and their families and lost wages due to death, disability, or provision of care.

† Costs of expansion of DOTS strategy were attributed only to legal immigrants in the analysis to facilitate comparison with tuberculin skin test-
ing (which was applied only to legal immigrants). Hence, the direct costs for this group under the strategy of DOTS expansion appear dispro-

 

portionately higher.

 

Table 2. Tuberculosis-Related Morbidity, Mortality, and Costs among Migrants from Mexico after Arrival in the United States with the Three 
Strategies.*

Variable and Strategy
Legal

Immigrants
Undocumented 

Migrants
Temporary

Visitors Total

Cases of tuberculosis

 

Total no. of cases with radiographic screening plus current strategy 5766 34,089 7755 47,610

No. of cases averted with radiographic screening plus expansion 
of DOTS strategy

322 1,779 490  2,591

No. of cases averted with radiographic screening plus tuberculin 
skin testing

401 0 0 401

 

Deaths from tuberculosis

 

Total no. of deaths with radiographic screening plus current strategy 392 3,962 891 5,245

No. of deaths prevented with radiographic screening plus expansion 
of DOTS strategy

33 269 47 349

No. of cases prevented with radiographic screening plus tuberculin 
skin testing

30 0 0 30

 

Direct costs (millions of $)

 

Total costs of radiographic screening plus current strategy 263 1,395 327 1,985

Radiographic screening plus expansion of DOTS strategy

Total costs 286† 1,311 304 1,901

Added costs or net savings 23 (84) (23) (84)

Radiographic screening plus tuberculin skin testing

Total costs 523 1,395 327 2,245

Added costs or net savings 260 0 0 260

 

Indirect costs (millions of $)

 

Total costs of radiographic screening plus current strategy 129 501 2 632

Radiographic screening plus expansion of DOTS strategy

Total costs 125 481 2 608

Added costs or net savings (4) (20) 0 (24)

Radiographic screening plus tuberculin skin testing

Total costs 198 501 2 701

Added costs or net savings 69 0 0 69

 

Total direct and indirect costs (millions of $)

 

Total costs of radiographic screening plus current strategy 392 1,896 329 2,617

Added costs or net savings of radiographic screening plus 
expansion of DOTS strategy

19 (104) (23) (108)

Added costs or net savings of radiographic screening plus 
tuberculin skin testing

329 0 0 329
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would result in 401 fewer cases of tuberculosis but
would increase net direct costs by $260 million, or
$648,379 per additional case averted. Implement-
ing this policy would not affect undocumented mi-
grants and visitors, since they are not screened. With
the implementation of the DOTS-expansion strate-
gy, net savings for the United States would begin
within 9 years, whereas the implementation of tu-
berculin skin testing would require progressively
greater expenditures over the 20-year period (Fig. 1).

 

sensitivity analyses

 

As shown in Table 3, if the expansion of the DOTS
program produced a slower-than-expected decline
in the incidence of tuberculosis in Mexico, cost sav-
ings for the United States would be anticipated un-
less the rate of decline was less than 1.2 percent an-
nually. Cost savings would be anticipated even if
the U.S. government doubled its initial investment
for expansion of the DOTS program or paid for
antituberculosis drugs for all new and retreated
cases in Mexico for all 20 years or if the number of
migrants was only 33 percent of current levels. If
the number of migrants entering the United States
or the prevalence of HIV infection, latent tubercu-
losis infection, or drug resistance were higher or in-
creased over the 20-year period, savings from ex-
pansion of the DOTS program would be even
greater (data not shown). Finally, if the frequency

or duration of return visits by legal immigrants and
undocumented migrants were doubled, expan-
sion of the DOTS program would avert an addi-
tional 249 cases of tuberculosis and save an addi-
tional $5.2 million (data not shown).

In sensitivity analyses, we assumed that 100 per-
cent of migrants completed screening, 100 percent
of migrants with positive tuberculin skin tests were
evaluated, 100 percent of those with latent infec-
tions received treatment, and 78 percent completed
nine months of isoniazid therapy. The direct costs
of this ideal screening program would be $187,243
for each additional case of tuberculosis averted in
the United States. And, if four additional key varia-
bles were also made more favorable, the direct costs
of the strategy of radiographic screening plus tu-
berculin skin testing would be $240 million to avert
1812 additional cases, equivalent to direct costs of
$132,450 per additional case averted.

 

secondary analyses involving haiti 
and the dominican republic

 

According to our model, over a 20-year period, near-
ly 2 million migrants are expected to enter the Unit-
ed States from Haiti and the Dominican Republic,
and active tuberculosis will develop in 11,809 of
them, resulting in 1288 deaths. These higher rates
of morbidity and mortality reflect the higher preva-
lence of tuberculosis and HIV infection in these
countries. As shown in Table 4, a U.S. investment
of $9.4 million to expand the DOTS program in
these two countries would result in 590 fewer cases
of tuberculosis and net savings of $20 million in the
United States. Adding tuberculin skin testing of le-
gal immigrants would result in 315 fewer cases of
tuberculosis in the United States, but at an added
total cost of $128 million.

Our comparison of three strategies for the control
of tuberculosis among migrants to the United States
suggests that U.S. government–funded expansion
of the DOTS program in Mexico could result in the
lowest net costs to the United States and the great-
est reduction in the number of cases of tuberculo-
sis in the United States. This finding was robust in
sensitivity analyses. The alternative strategy of add-
ing tuberculin skin testing to current radiographic
screening of legal immigrants would have less ef-
fect and would substantially increase costs.

The DOTS strategy is a cost-effective method of

discussion

 

Figure 1. Net Savings or Added Costs of Implementing a Strategy of Radio-
graphic Screening plus Either Expansion of the DOTS Program or Tuberculin 
Skin Testing over a 20-Year Period among Migrants from Mexico to the United 
States.

 

The values are relative to the cost of the current strategy of radiographic 
screening plus current tuberculosis-control efforts.
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controlling tuberculosis in low-income countries

 

61

 

that has reduced the mortality,

 

62,63

 

 prevalence,

 

18

 

and incidence

 

16

 

 of tuberculosis in several countries
with a large burden of disease. Despite these dem-
onstrated benefits, global implementation of the
DOTS program remains hampered by insufficient
funding. Our analysis demonstrates the potential

domestic economic and public health gains afford-
ed by U.S. underwriting of expansion of the DOTS
program in three nearby countries. These domestic
gains would complement the humanitarian, eco-
nomic, and public health benefits from improved
control of tuberculosis abroad.

A recent analysis predicted that the implemen-

 

* Costs are in millions of 2003 U.S. dollars. Values in parentheses represent net savings realized by the expansion of the 
DOTS strategy or the addition of tuberculin skin testing to the current strategy. Because of rounding, subcategories may 
not add up to the total.

† We assumed that there was a 3 percent annual decline in the incidence of tuberculosis with the use of the DOTS strategy, 
long-term residents made no return visits to their country of origin, and the U.S. government would pay for all drug costs 
in Mexico over the full 20 years, as well as for the costs of the initial DOTS expansion.

‡ We assumed that tuberculin skin testing had a specificity of 65 percent and that 21 percent of those with latent tubercu-
losis infection completed nine months of isoniazid therapy. We also assumed that in Mexico, the underlying prevalence 
of resistance to isoniazid was 50 percent higher than current estimates, the prevalence of latent tuberculosis infection 
was 50 percent lower than current estimates, and the prevalence of seropositivity for HIV was 50 percent lower than cur-
rent estimates.

§ We assumed that tuberculin skin testing had a specificity of 90 percent and that 78 percent of those with latent tubercu-
losis infection completed nine months of isoniazid therapy. We also assumed that in Mexico, the prevalence of resis-
tance to isoniazid therapy was 50 percent lower than current estimates, the prevalence of latent tuberculosis infection 
was 25 percent higher than current estimates, and the prevalence of seropositivity for HIV was 25 percent higher than 

 

current estimates.

 

Table 3. Added Costs or Net Savings in Sensitivity Analyses of the Two Alternative Strategies for Tuberculosis Control 
among Migrants from Mexico.*

Assumptions That Were Changed

No. of Cases 
of Tuberculosis 

Averted
Change in Direct 

Costs
Change in Indirect 

Costs
Change in Total 

Costs

 

millions of dollars

 

Expansion of DOTS strategy vs. current 
strategy

Base case (no change in assumptions) 2591 (84) (24) (108)

Initial investment for DOTS doubled 2591 (49) (25) (74)

U.S. government also pays all drug costs over 
20-yr period

2591 (80) (26) (106)

Annual decline in incidence is 4% 1909 (51) (18) (69)

Annual decline in incidence is 3% 1518 (32) (15) (47)

Annual decline in incidence is 2% 1048 (12) (11) (22)

Annual decline in incidence is 1.2% 658 6 (7) (1)

Three variables made less favorable† 1444 (26) (14) (40)

No. of migrants entering the United States from 
Mexico declines to 50% of current levels

1296 (24) (12) (37)

No. of migrants entering the United States from 
Mexico declines to 33% of current levels

864 (5) (8) (13)

Addition of tuberculin skin testing to 
radiographic screening vs. current 
strategy

Base case (no change in assumptions) 401 260 69 329

78% of legal immigrants with latent 
tuberculosis infection complete 9 mo 
of isoniazid therapy

1411 264 64 328

Five variables made less favorable‡ 305 510 101 611

Five variables made more favorable§ 1812 240 56 296

Copyright © 2005 Massachusetts Medical Society. All rights reserved. 
Downloaded from www.nejm.org on December 4, 2008 . For personal use only. No other uses without permission. 



n engl j med 353;10 www.nejm.org september 8, 2005

The new england journal of medicine

1016

tation of tuberculin skin testing of immigrants to
the United States from various parts of the world,
with treatment of latent infection tailored to region-
al patterns of drug resistance, would result in cost
savings.8 Our findings regarding the implementa-
tion of tuberculin skin testing are at variance with
this analysis for several reasons. We focused on Mex-
ico because of its geographic proximity and the high
numbers of Mexicans who migrate to the United
States. The cost-effectiveness of tuberculin skin
testing of migrants from countries such as Mexico,
with an intermediate incidence of tuberculosis, will
be less than that among migrants from countries
with a higher incidence and therefore a higher
prevalence of latent tuberculosis infection.26 We
also accounted for the anticipated failures of pro-
viders and patients to comply with recommenda-
tions for screening and therapy for latent infection.
These operational problems have substantially re-

duced the impact of several large-scale screening
programs.9-11,23,38,39

There remains uncertainty regarding several key
assumptions in our analysis, particularly the as-
sumption that the incidence of tuberculosis would
decline 6 percent annually within the migrants’
source countries after the expansion of the DOTS
program. This rate of decline was documented in
Peru after the countrywide implementation of the
DOTS program16 and falls midway between the
4.3 percent annual decline in prevalence attribut-
able to the implementation of the DOTS program
in China18 and the projected 7.5 percent reduction
in the annual incidence in countries meeting DOTS
targets.17 However, the epidemiologic effect in
Mexico of the expansion of the DOTS program from
70 percent to 100 percent coverage of the popula-
tion might be lower than the effect of expanding
coverage from the very low levels that existed in Peru

Table 4. Analysis of the U.S. Government’s Investing in Expansion of DOTS Strategy in Haiti and Dominican Republic.*

Variable Haiti
Dominican
Republic Total† Reference

Key model variables

No. of migrants entering United States each year

Legal immigrants (screened)‡ 18,701 19,387 38,088 2002 Yearbook of Immigration Statistics12

Undocumented migrants and temporary visitors 
(unscreened)§

21,448 36,734 58,182 2002 Yearbook of Immigration Statistics,12 
ITA Office of Travel and Tourism 
Industries13

Annual incidence of new smear-positive cases of 
tuberculosis in 2001 (no./100,000)

138 59 WHO58

Prevalence of latent tuberculosis infection among 
30-year-old migrants (%)

Total 50.8 24.3 Styblo24

Recent (<2 yr) 2.3 1.5

Prevalence of underlying multidrug resistance (%) 0.1 6.6 Pitchenik et al.,59 Espinal et al.60

Prevalence of HIV infection (%) 4.5 2.5 United Nations Joint Programme on HIV/
AIDS30

DOTS coverage beginning of 2002 (%) 37 25 Lee et al.45

Cost of initial expansion of DOTS strategy 
(millions of $)¶

4.2 5.2 9.4 Vaca et al.46

Costs of antituberculosis drugs over 20 yr 
(millions of $)¿

1.8 0.9 2.7 Global Drug Facility47

Key model findings

No. of cases of tuberculosis in United States

Radiographic screening plus current strategy 7,349 4,460 11,809

No. of cases prevented with radiographic 
screening plus expansion of DOTS strategy

342 248 590

No. of cases prevented with radiographic screen-
ing plus tuberculin skin testing

213 102 315
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before the DOTS program was implemented or
might be lower than assumed because the inci-
dence in Mexico is already declining. However, in a
threshold analysis, expansion of the DOTS pro-
gram in Mexico would remain cost saving for the
United States as long as the annual decline in the
incidence after the expansion of the program was
at least 1.2 percentage points greater than the de-
cline expected in the absence of changes in the tu-
berculosis-control strategy.

Other important limitations of our analyses
were our assumption that the patterns of migration
would remain constant and our estimates of the
number of undocumented migrants in the United
States. If the number of migrants decreases in fu-
ture years, then the savings afforded by the DOTS

program would decrease, although this strategy
would remain cost saving even if migration fell to a
third of current levels. Conversely, if the number of
migrants increases, expansion of the DOTS pro-
gram would produce greater savings. Because of the
large number and epidemiologic importance of
undocumented migrants, inaccurate estimation of
their numbers will affect overall projections. How-
ever, even if this group were excluded from our
analysis, expansion of the DOTS program in Mexico
would still result in net savings for the United States.

It may have been unrealistic to assume that the
prevalence of seropositivity for HIV would not
change for 20 years in the three source countries or
among persons leaving these countries. However,
in sensitivity analyses, expansion of the DOTS pro-

* Costs are in millions of 2003 U.S. dollars. Values in parentheses represent net savings.
† Because of rounding, subcategories may not add up to the total.
‡ The same assumptions hold as listed in Table 1 for legal immigrants from Mexico.
§ The same assumptions hold as listed in Table 1 for undocumented migrants and visitors from Mexico, and the same method was used to cal-

culate the number of person-years of visitors in the United States.
¶ Costs are extrapolated from a DOTS-expansion project in Ecuador and include those related to infrastructure, equipment, materials, person-

nel, and training.46

¿ Drug costs are based on estimates of new and retreated cases over a period of 20 years and unit prices listed by the Global Drug Facility.47

Table 4. (Continued.)

Variable Haiti
Dominican
Republic Total† Reference

Costs in United States (millions of $)

Direct costs 

Total costs of radiographic screening plus 
current strategy

278 171 449

Added costs or net savings of radiographic 
screening plus expansion of 
DOTS strategy

(9) (5) (14)

Added costs or net savings of radiographic 
screening plus tuberculin skin testing

64 45 109

Indirect costs

Total costs of radiographic screening plus 
current strategy

106 61 167

Added costs or net savings of radiographic 
screening plus expansion of 
DOTS strategy

(4) (2) (6)

Added costs or net savings of radiographic 
screening plus tuberculin skin testing

10 9 19

Total direct and indirect costs

Total costs of radiographic screening plus 
current strategy

384 232 616

Added costs or net savings of radiographic 
screening plus expansion of 
DOTS strategy

(13) (7) (20)

Added costs or net savings of radiographic 
screening plus tuberculin skin testing

74 54 128
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gram would yield greater cost savings if the preva-
lence of seropositivity for HIV was higher, because
only undocumented migrants or visitors enter the
United States with both tuberculosis and HIV in-
fection. Enhanced screening would have no effect
on these groups, since they are not screened, where-
as expansion of the DOTS program would reduce
the prevalence of latent tuberculosis infection
among all migrants, including those with HIV in-
fection.

We did not model the secondary spread of tu-
berculosis within the United States. However, the
inclusion of secondary cases would further favor ex-
pansion of the DOTS program, because of the great-
er reduction in cases in the United States among all
types of migrants with the implementation of this
strategy.

The true costs of expanding the DOTS program
are also uncertain, although costs similar to the
ones we used have been documented in India.63

We used Ecuadorian cost data because of the simi-
larity of socioeconomic conditions, health, and in-
frastructure in Ecuador46 to those in Mexico and
the Dominican Republic. The applicability of these
data to Haiti is less certain, given the possible need
for increased infrastructure. Yet, the actual infra-
structure-related costs of expanding the DOTS pro-
gram in India63 (which has income levels very sim-
ilar to those in Haiti31) were lower than the costs we
estimated for Haiti. Moreover, in sensitivity analy-
ses, the finding of net U.S. savings with expansion
of the DOTS program was robust even with sub-
stantial increases in the costs of initial expansion.

Our analysis had a number of strengths. We con-
sidered all types of migrants, including undocu-
mented migrants and visitors, who constitute the
vast majority of entrants to the United States.12,13

We also considered the effect of recent infection

and return visits to migrants’ countries of origin,
since the latter variable accounts for 20 percent of
cases of tuberculosis among foreign-born perma-
nent residents.14 Most values in the model were de-
rived from cohort studies or randomized trials, re-
ducing uncertainty. We estimated direct and indirect
costs in an effort to determine the total costs to so-
ciety of tuberculosis. Ultimately, the DOTS-expan-
sion strategy remained the most effective and eco-
nomical approach in multiple sensitivity analyses.
Findings were similar for migrants from Haiti and
the Dominican Republic, despite differences from
Mexico in the current infrastructure of the DOTS
program, DOTS coverage, and the epidemiologic
characteristics of tuberculosis and HIV infection.
This suggests the findings are potentially applicable
to migrants from other countries and possibly also
for other high-income countries that receive large
numbers of migrants.

We conclude that U.S. government’s underwrit-
ing of the expansion of the DOTS strategy in Mexi-
co, the Dominican Republic, and Haiti is the most
effective long-term approach to reducing tubercu-
losis-related morbidity and mortality among mi-
grants from those countries and would produce net
savings in the United States. These projected do-
mestic benefits should encourage the governments
of developed countries to provide substantial and
sustained funding for the control of tuberculosis
abroad.
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