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SUPPLEMENTAL METHODS 

 

General outline of model 

We developed a decision analysis model, incorporating multiple Markov processes 

(TreeAgePro 2005 Health Care release 0.4, TreeAge Software, Williamstown, MA), to estimate the 

cumulative probability of active tuberculosis (TB), TB-related death, and associated costs among 

migrants after their entry into the US. A societal perspective was used, meaning that we included 

costs for governments and health care providers (together considered direct costs), and out-of-pocket 

expenditures, plus lost wages due to time spent for care, plus disability and death for patients and 

their families (together considered indirect costs).  

Throughout the 20-year time frame of the analysis, we assumed there would be no change in 

the number and average age of migrants of each major type entering the US from Mexico (and Haiti 

and the Dominican Republic in secondary analyses). As shown in Figure S1, at the time of entry, 

migrants were assumed to be in one of five TB-related health states, and one of three HIV-related 

health states. The probability (prevalence) of latent tuberculosis infection (LTBI) was the only 

parameter that differed between the three strategies. With the DOTS expansion strategy, LTBI 

prevalence declined in migrants – of all types, in proportion to the impact of DOTS on incidence, 

but prevalence did not change with the radiographic screening/current TB control strategy, or with 

the tuberculin skin testing (TST) screening strategy.  

In the first year after entry, migrants could have one of several outcomes; the probability of 

each of these outcomes depended on their TB and HIV related health states at entry (Table S1). 

Clinical outcomes would also vary according to whether the TB-related state was diagnosed and 

treated.  Potential clinical outcomes were the same for HIV infected or uninfected persons, but the 

probabilities of some outcomes were very different (Table S1). Specifically, for HIV infected 
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persons there was no chance of spontaneous cure, and 100% mortality from TB disease with MDR 

strains.  

Migrants’ health states at the beginning of each subsequent year depended on the events 

during the preceding year - particularly whether treatment had been successfully completed, or 

whether new TB or HIV infection had occurred. Since the risk of new TB infection was much lower 

after entry into the US, the likelihood of development of active TB fell considerably after the first 

two years in the US – as observed in the US (1), and elsewhere (2;3). Mortality from all other causes 

among migrants in the US was assumed to be the same as for the US general population (4) 

 Figure S2 represents a simplified sample decision analysis tree for a migrant who enters the 

US with recent latent TB infection (acquired within the last two years). After entry the migrant can 

either die from other (non-TB) causes, remain infected with LTBI, or reactivate to active TB disease. 

The probability of each of these events was determined from published estimates, summarised in 

Table S1. If active TB disease develops, this may be diagnosed, or undiagnosed – the probability of 

which is determined by their migrant status (95% of legal immigrants diagnosed, compared to 90% 

of undocumented migrants or visitors).  

Treatment outcomes were determined by underlying drug sensitivity (the probability of 

which was taken from published studies of prevalence of drug resistant TB in the countries of 

origin), compliance and HIV infection. The average probability of cure among defaulters was taken 

from studies of timing of default and randomised trials of 3, 4, and 5 months of therapy. Co-

infection with HIV did not alter probability of diagnosis, nor the treatment outcomes of cure, or 

relapse. However, mortality among HIV infected persons with active TB was 2.25 times higher 

during treatment, and was 100% if TB was undiagnosed.  

              Those who survived the first year re-entered a second Markov process in Year 2. The 

specific health state in which they began year 2, was the health state in which they ended Year 1. For 
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example, migrants who survived Year 1 with undiagnosed active TB disease then entered Year 2 in 

the “active TB disease” state.  

 

Detailed definitions and sources of information for migrants 

We developed separate models for three categories of migrants: 

i) Legal Immigrants – this group included all legally accepted permanent residents. This 

included immigrants who applied and were accepted from overseas, and those who requested 

adjustment of their status while in the United States. This also included refugees accepted overseas, 

and persons who sought and were granted asylum after arrival in the US. The number of migrants in 

this category was taken from Table 2 from reference (5), and the average age for this group of 

migrants from each country calculated from data in Table 13 from reference (6).  

ii) Undocumented Migrants (previously referred to as “illegal aliens”) – there is little 

information on the number of undocumented migrants who enter each year and stay long term in 

the US. We used data from Table Q from reference (5) to obtain the estimated prevalent number 

from each country in the US in 2002. Based on an assumption they would adjust their status after 5 

years, we estimated the number entering per year as the prevalent number divided by 5. We assumed 

this group would have the same average age as legal immigrants. 

iii) Visitors – this included all short-term visitors such as tourists and individuals visiting friends 

and relatives, as well as those who enter with temporary visas. This last group includes students, 

business people and migrant workers. The number of visitors was taken from two federal sources: 

Table  25 of reference (5), and reference (7).  Person years of visitors’ time (shown in all Tables) in 

the USA was calculated from the total number of entrants each year (7) and average length of stay 

for different sub-groups (5;7). Inherent in the person-year method is the assumption that the daily 

risk of developing tuberculosis in visitors staying 2 weeks is the same as for a person who stays a full 

year. The average age for visitors from each country was calculated from data in Table 29 from (5). 
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There is no published information on the income of visitors. It is likely that a small proportion do 

work, but likely at temporary jobs and at low wages. Therefore, for this analysis we assumed visitors’ 

income to be nil. 

 

Screening of migrants – current practice 

At present in the United States two different screening strategies are employed, depending 

upon the location of application for permanent residence. If application is made overseas, a chest x-

ray (CXR) is done first. If this is abnormal, then sputum smears are done. If the sputum smears are 

positive, the applicant is treated overseas for active TB - at least until sputum smear-negative. If 

sputum smears are negative, applicants may be classified as B1 (strong radiographic suspicion of 

active TB) or B2 (the x-ray is considered compatible with inactive TB), or normal. These individuals 

are allowed to enter the US. After arrival, immigrants classified as having B1 or B2 chest radiographs 

are referred to local public health units for active follow-up.  

As summarized in Table S2, 10.3% of individuals with B1 designation, and 2.4% of those 

with B2 designation, are found to have active tuberculosis within the first year after arrival (8). Most 

likely involve prevalent active cases that are missed by sputum smears - as even after arrival in the 

United States the great majority of culture-confirmed cases are smear-negative (9). Of those with B1 

or B2 CXRs and negative sputum cultures, many will have tuberculin tests; those who are tuberculin 

positive may be offered treatment for latent tuberculosis. However, tuberculin testing and provision 

of LTBI therapy is at the discretion of the local public health department; practice and compliance 

vary considerably. There are no national data on these outcomes, although evaluations of these 

aspects of the screening programme have been published (10;11).  

 For individuals who apply to adjust their status to become legal permanent residents from 

within the United States, the screening procedures are different. They are seen by civil surgeons, 

who are instructed to perform tuberculin skin testing.  If the TST reaction measures 5mm or greater, 
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then the applicant undergoes a chest x-ray; if this is abnormal, further testing including sputum 

examinations are done. If the chest x-ray is normal or sputum examinations are negative, then TST-

positive individuals are referred to the local public health department. A recent evaluation noted that 

in approximately 20% of applicants, only a chest x-ray was done--and among those tuberculin tested, 

approximately 10% of all applicants had positive reactions (12). There are no data on the proportion 

that are seen at local public health departments, nor the evaluations undertaken, nor the proportion 

prescribed or completing LTBI therapy.  

 In total only four legal immigrants who entered the US during 1998-2002 from the three 

source countries were HIV-positive (CDC, unpublished data) (Table S2). This supports our 

assumption that the HIV seroprevalence among legal immigrants was nil. 

 

Details of tuberculosis control strategies – including screening 

Radiographic screening plus current tuberculosis control strategy: With this strategy, current TB control 

programmes in the US and Mexico (and Haiti and the Dominican Republic – for secondary 

analyses) would remain unchanged. This means current levels of case finding, treatment outcomes, 

incidence of smear positive disease, corresponding annual risk of TB infection as well as prevalence 

of underlying TB drug resistance and HIV seroprevalence would remain unchanged for the entire 20 

year analytic horizon in all three source countries included in this analysis. Therefore the prevalence 

of latent TB infection, active TB and HIV infection would remain unchanged among migrants from 

Mexico (and Haiti and the Dominican Republic).  

We also assumed that the current levels of DOTS coverage as reported by WHO would 

remain unchanged. These current levels of DOTS coverage have been achieved with assistance from 

foreign donors, particularly USAID. Hence consideration of current levels of DOTS coverage 

implicitly accounts for current levels of US government investment in these three countries. The 

current levels of foreign donor assistance were not explicitly modelled. This is because the same 
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expenditures would have been added to all three strategies, making all strategies more expensive, but 

without changing the differences between them. 

 When modelling the current radiographic screening strategy, we assumed that ALL 

applicants would undergo chest radiographic screening as a first step. We also assumed that the 2-

3% of individuals with abnormal x-rays suggestive of inactive TB would undergo tuberculin 

screening and appropriate further evaluation and follow up - including therapy for LTBI, as 

recommended by the American Thoracic Society (13). This was considered a part of every 

applicant’s evaluation, even though the evaluation and therapy of LTBI is presently performed at a 

different time, in a different place, and by different providers from the chest radiographic screening. 

The assumption that under “current conditions,” radiographic screening (and not TST 

screening) would be performed for all legal immigrants was made for a number of reasons. i) 

Previously published studies have shown that TST screening is much less cost-effective than chest 

radiographic screening (14). ii) Sensitivity of TST for detection of active TB is, if anything less than 

with CXR (15). iii) Including TST screening for some, but not all, legal immigrants, and CXR for the 

others would make the modelling results more difficult to interpret.  iv) There is very little published 

information regarding outcomes and costs of the evaluation, treatment and follow-up of the TST 

positive adjusters, who are currently seen by US civil surgeons.  Including TST screening of legal 

immigrants as part of the current radiographic screening strategy would have increased the costs, but 

the effectiveness--in terms of prevention of future cases--could not be predicted, given the absence 

of data. The primary objective of TST screening of adjusters, and chest radiographic screening of 

overseas applicants is the detection of prevalent active TB. Therefore, we felt that using chest 

radiography as the sole screening modality would be less expensive, hence less favourable to the 

DOTS expansion strategy. Including some TST screening within the radiographic screening strategy, 

might have resulted in costs and impact closer to the TST strategy, but would not have altered the 

differences between the TST strategy and the DOTS expansion strategy. 
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In addition, we considered all costs of radiographic screening to be US costs, even though 

almost half the legal immigrants undergo this screening overseas. This is because these costs are 

often borne by family members already in the US, who are their sponsors. As well, it may be argued 

that cash expenditures just prior to immigration to the US acts to reduce the immigrants’ net wealth 

upon arrival in the US.  

 The yield of radiographic screening is summarised in Table S2. The prevalence of active TB 

currently detected in newly arrived immigrants from the 3 source countries is much lower than was 

assumed for the base case analysis. (We assumed prevalence of active TB = 0.1% for migrants from 

Mexico, 0.2% for migrants from the Dominican Republic, and 0.3% for migrants from Haiti). The 

base case assumptions were based on screening studies conducted 20 or more years ago (16-18), or 

from other countries (19;20). If the prevalence of active TB at the time of entry was over-estimated 

in our analysis (as it appears to have been), this would inflate the benefits of screening, making 

DOTS expansion seem less cost-effective. More importantly, this assumption would reduce the 

apparent advantages of the DOTS expansion strategy, which acts mainly to reduce incident cases 

after entry due to reactivation of LTBI.   

  

DOTS expansion strategy:  We assumed this would be in addition to, and would not replace, 

radiographic screening of legal immigrants. We assumed that in all three countries DOTS would be 

expanded from the level of coverage in January 2003 (21), to reach 100% of government health 

facilities by the end of three years. Case detection would increase from WHO estimated levels (22) 

to 70%, and treatment success (cure and treatment completion) to 85% - the WHO targets (23). 

Delay in diagnosis, and hospitalization would decrease with DOTS as has been documented 

elsewhere (24;25). HIV sero-prevalence (26), and underlying drug resistance in the three countries 

(18;27-29) would not change. 
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The most important assumption was that DOTS expansion would result in a 6% annual 

decrease in the incidence of new smear positive TB cases. This would result in corresponding 

reduction in annual risk of infection (30) and therefore also prevalence of recent and long-standing 

latent TB infection.  This impact of DOTS expansion in Mexico, Haiti and the Dominican Republic 

was assumed to be the same as reported in Peru because of their similar economic situations(31), 

health infrastructure, HIV and TB epidemiology - including drug resistance levels. In Peru TB 

incidence declined by 6% annually for more than a decade after nationwide implementation of 

DOTS (32). This decline, used for the base case analysis also is midway between two more recent 

estimates. In China, the annual decline in prevalence of active TB attributable to DOTS was 4.3% 

(33). Using a well-validated model (34), incidence was predicted to decline by 7.5% annually (35) 

following achievement of WHO targets of 70% case detection and 85% treatment success.  

We ignored the potential impact of the DOTS expansion strategy in reducing prevalent 

active TB upon entry to the US.  This means we assumed the prevalence of active TB among 

entrants to the US would not change over the full 20 years of analysis – a conservative assumption 

with respect to potential benefits of the DOTS strategy. 

Unfortunately the costs of DOTS implementation in Peru are not available. Therefore, costs 

for initial expansion in our model were extrapolated from a DOTS expansion project in Ecuador. 

This project, funded by the Canadian International Development Agency and administered by the 

Canadian Lung Association is described in detail elsewhere (36). In brief, with an investment of $3.3 

million (US) over three years, DOTS was implemented for 52% of Ecuador’s population, or 6.7 

million persons. This funding provided for infrastructure, equipment, training, supervision as well as 

external consultants and administration. By the end of three years, DOTS was initiated in 100% of 

the Ministry of Health facilities covering 6.7 million persons, case finding had increased, and 

treatment outcomes had reached WHO targets.  
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To extrapolate these costs to the three countries analysed, we categorised expenditures as 

internal i.e. within Ecuador (71% of the total), and international i.e. external (29%). External costs, 

calculated per new smear positive TB case were extrapolated directly to Haiti, Dominican Republic 

and Mexico on the basis of the total number of new smear-positive TB cases in each country (22). 

Internal costs per TB case were extrapolated based on the ratio of per capita annual Gross National 

Income (GNI) in the country of interest (31)divided by the per capita annual gross national income 

in Ecuador (31), multiplied by the total number of new smear positive TB cases. This meant costs 

per TB case were lower in Haiti, but higher in Mexico than in Ecuador. The costs for DOTS 

expansion based on the Ecuador experience were lower than the funding requested for DOTS 

expansion in Haiti – in an application to the Global Fund for AIDS, Tuberculosis and Malaria (37), 

but much higher than actual costs incurred for a massive DOTS expansion project in India (38)- 

even after accounting for differences in GNI (31) – as shown in Table S3.  

Using the same general modeling methods, and the same pathogenetic inputs summarized in 

table S1, the impact of DOTS expansion in the three countries was estimated. The impact was very 

substantial. In Mexico, for example, with the current DOTS coverage and programme function, 

336,000 TB cases and 147,000 TB deaths are projected over the next 20 years. This mortality is 

predicted with 70% case detection in DOTS areas and 50% case detection in non DOTS areas, 

because of the very high mortality of untreated smear positive cases. With the key assumption that 

DOTS expansion will result in 6% decline in incidence of TB each year,  241,500 TB cases are 

projected and 94,500 deaths. This means that DOTS expansion in Mexico would prevent 94,500 TB 

cases and avert 52,500 deaths within that country (data not shown in tabular form).  

 

TST screening strategy:  We assumed TST screening would be for all legal immigrants, conducted 

within the US, and in addition to (not instead of) chest radiographic screening. All immigrants would 

undergo TST screening; those with a positive TST would undergo a medical evaluation, and 
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appropriate investigations including repeat CXR, sputum and blood tests. Immigrants with a positive 

TST would be prescribed 9 months isoniazid (INH), according to US standards (13). The efficacy of 

9 months INH would be 90% (39) with drug sensitive LTBI, and 0% with INH resistant LTBI (40). 

The prevalence of INH-resistant latent TB among migrants would be the same as the prevalence of 

initial INH resistance among active TB cases in the countries of origin (18;28;29;41).  

Since we assumed there would NOT be legal enforcement for TST screening nor INH 

therapy, immigrants could fail to complete TST testing, not return for reading, not report for 

medical evaluation, refuse to initiate, or fail to complete INH therapy. And their providers could fail 

to prescribe INH even when clinically indicated. Therefore, we took the average percentage of 

dropouts and non-compliance at each step, from published evaluations of large-scale tuberculin 

screening programmes, which are summarised in Table S4. The probability that LTBI was cured was 

therefore the product of the probabilities of completing screening, reporting for medical evaluation, 

prescription of INH by physicians when indicated, acceptance and completion of INH therapy by 

migrants, and the probability the TB infection was INH sensitive. 

 

Tuberculosis pathogenesis, testing and treatment 

Tuberculosis health states: Possible TB-related health states were: 1) no tuberculosis; 2) latent 

tuberculosis infection (LTBI), which was subdivided into: 2a) recent - meaning acquired within 2 

years; and, 2b) long-standing - meaning acquired more than 2 years ago; 3) active tuberculosis; and, 

4) healed active tuberculosis (treated, or spontaneously resolved), as shown schematically in Figure 

S1. Latent and active TB were modelled as drug-sensitive, single-drug resistant, or multi-drug 

resistant.  Key pathogenetic model assumptions regarding reactivation and cure rates for HIV-

negative and HIV-positive individuals were based on published cohort studies and randomized 

trials. These are summarized in Table S1.  
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Incidence of tuberculosis among migrants is highest in the first two years after entry or re-

entry (1;42;43). There is evidence that this is primarily due to recent infection, or re-infection (42;43). 

To account for this phenomenon, we estimated the proportion of migrants who had acquired TB 

infection less than two years before entry into the US or Canada. This was calculated as: 

[proportion uninfected at (average age of immigration – 2)]  times 2[average annual risk of infection (ARI)]  

(The ARI is calculated using the WHO estimated incidence of smear-positive disease (44) and the 

Styblo formula (30)).  

In these migrants the risk of TB reactivation was assumed to be 5% (if HIV-negative) in 

total during the first two years after entry (45;46). After that, the risk fell to 0.1% annually, the same 

as those with long-standing LTBI at entry, based on two large cohorts followed prospectively after 

tuberculin screening (16;47).  

Treatment outcomes were taken from US national average outcomes. It was assumed that, 

once diagnosed, all categories of migrants would receive US standard of care for their tuberculosis 

and therefore achieve US national average cure rates (48). We assumed that treatment outcomes of 

transfers-out were equivalent to those of default, based on a California study in which treatment 

outcomes of transferred patients were much worse than in patients not transferred (49). For 

individuals who defaulted from therapy we assumed an overall cure rate of 62%. This was based on 

published studies of timing of default (50), and the following assumptions. For patients who 

defaulted with two months or less of therapy, cure rate would be 25% which is the same as 

untreated patients (51). For those who defaulted after three or four months of therapy, risk of 

relapse and failure is higher, but cure rates are better than in untreated patients – based on 

randomized trials of regimens of 3 or 4 months duration (52-54). Patients who complete five months 

or more of therapy were considered to have the same cure rate as those who complete a full course.  

LTBI treatment was considered to occur only at initial entry to the US, as the result of 

radiographic or tuberculin screening as described above. This ignores the small number of 
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individuals who might be tuberculin tested and receive LTBI therapy as the result of contact 

investigations. We estimated this number - using the number of cases of active TB reported in the 

United States among foreign-born individuals and an assumption that each would infect four 

contacts. Based on this calculation, the annual number of newly infected contacts would be less than 

1% of all entrants each year.  

The risk of acquiring TB infection in the US in 2002 was assumed to be negligible. The 

annual risk of TB infection has been declining steadily among US military recruits, from the 1960’s 

(47) until the 1990’s (55), when it was less than 0.04% per year. However during return visits to their 

countries of origin, migrants face the same risk of TB infection as the general population there (56). 

Low budget travellers from low incidence countries have the same risk of TB infection as the 

general population of high incidence countries they visit (56). Hence, we assumed that legal 

immigrants making return visits to their country of origin must have at least the same risk as low 

budget travellers from low incidence countries.  

We assumed the sensitivity of TST to be 99% in HIV negative immigrants (57). TST 

specificity, as shown in Table 1 (main article), was calculated from the effect of BCG vaccination, 

non-tuberculous mycobacteria and TB infection in foreign born populations (14;58). Since so few 

legal immigrants who entered the US between 1998-2002 from the 3 countries had HIV infection – 

the impact of HIV infection on the sensitivity of TST in the screening of legal immigrants would be 

negligible, and was ignored.  

 

HIV-related health states: We modelled three HIV-related health states: no HIV infection, early 

(asymptomatic) infection, and late infection - clinical AIDS.  We assumed the prevalence of HIV 

infection to be zero among legal immigrants, as explained earlier. However, undocumented entrants 

and visitors were considered to have the same HIV seroprevalence as the general populations of 

their countries of origin, as estimated by UNAIDS (26). 
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For entrants with concomitant LTBI and HIV infection, the risk of active TB was 

determined by the duration of latent TB, and the stage of HIV infection (Table S1). The risk of 

active TB in persons with long-standing LTBI, and HIV infection has been studied in a number of 

settings. In many of these studies the states of new or old TB infection and early or late HIV were 

not clearly distinguished. However, a South African study did address these methodologic problems 

(59). Therefore the base case estimate is taken from that study.  Risk of active disease in persons 

with long-standing LTBI and late HIV infection was taken from the same study, and is substantially 

higher.  

There is much less information regarding risk of disease following newly acquired TB 

infection in HIV-infected individuals.  We therefore extrapolated from data for HIV-negative 

persons, in whom the risk of development of active TB following newly acquired TB infection is 10-

50 times higher than the risk of reactivation from longstanding LTBI.  Patients with early HIV and 

new TB infection are thus estimated to have a tenfold increase in risk of active disease, relative to 

persons with early HIV and longstanding LTBI—i.e. a 33% annual risk of disease.  

Outbreak reports among groups with late HIV infection describe very high rates of active 

disease within months of exposure (60-62). Therefore we assumed that 100% of individuals with late 

HIV infection and new TB infection would develop active TB within one year. We assumed that 

HIV infection would not affect the likelihood of diagnosis for active TB, nor response to treatment. 

However, HIV-infected individuals with smear positive active TB were assumed to have a 2.25-fold 

increase in the risk of death during treatment (63-66), 2.2 times increased risk of death after 

treatment (67;68), and 100% mortality without treatment.   

Risks of progression and survival with early and late HIV infection were obtained from 

cohort studies in Haiti and Uganda (69;70), because HIV infected undocumented entrants and 

visitors were assumed to have limited access to HIV care after entry.  HIV infection would not 

affect the sensitivity of the TST strategy, because only HIV-negative legal immigrants undergo TST 
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screening.  We assumed that migrants would not acquire HIV infection within the US, but would 

have the same risk of infection as the general population, during subsequent return visits to their 

countries of origin. 

Costs 

We assumed that all TB-related health care expenditures in the US were made by 

governments, because the great majority of TB care in the US is publicly funded. Screening costs 

were also assumed to be borne by governments, as explained earlier.  

There is little published information on indirect costs of active TB for patients and their 

families in high-income countries. Data on disability was therefore taken from studies in low- and 

middle-income countries (71;72). Patients with active TB would be 50% disabled (productivity loss) 

from symptom onset until diagnosis, unable to work while hospitalised, and 50% disabled for the 

remainder of the first two months of treatment(71;73;74). Undiagnosed patients, or those who failed 

treatment had 50% disability throughout their illness. Productivity loss from death was estimated as 

annual gross national income per capita (31) times the number of years remaining in the model, with 

appropriate discounting(75). Hourly wage was the annual gross national income per capita, divided 

by 2080 hours (40 hours per week for 52 weeks).   

To measure out-of-pocket expenditures, and time lost from work for TB patients and their 

families we adapted a questionnaire originally used to measure the cost of illness in Sub-Saharan 

Africa (76). This was pre-tested in Montreal, translated into French, Creole, and Spanish, and 

administered to 50 TB patients and their families in Montreal, New York City, and Miami. This 

questionnaire estimated lost wages, and out-of-pocket expenditures by TB patients and their families 

- in the pre-diagnostic period, during hospitalisation if any, and during treatment and follow up. We 

could find no published report of indirect costs related to tuberculosis screening – so such costs 

were not included. 
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Sensitivity analyses 

We conducted extensive sensitivity and threshold analyses, to assess the robustness of our 

findings to variations in key assumptions. Each parameter was varied, except for those pathogenetic 

parameters, summarized in Table S1, for which there were estimates from cohorts that were well 

characterized and properly studied.  

For example, we examined the influence of varying rates of decline in tuberculosis incidence 

following DOTS expansion, and of a doubling in the cost of DOTS expansion.  We considered a 

scenario where the US continues to pay for all TB drugs needed for new and retreatment cases in 

the countries throughout the 20-year simulation. Although this level of investment may not be 

sufficient to maintain DOTS, we assumed that the national governments would be motivated by this 

continued donor investment to support the additional costs of DOTS maintenance such as on-going 

refresher training, and supervision. Finally, we varied the frequency of return visits to entrants’ 

countries of origin.   

We varied the probability of treatment completion for latent TB, which is a key parameter 

driving the cost-effectiveness of TST screening:  we increased adherence to TST testing, reading and 

medical evaluation by immigrants, prescription of LTBI by practitioners to 100%, and increased the 

acceptance by patients of INH therapy to 100%, and completion to 78%, as in a previous analysis 

(77;78).  We evaluated favorable and unfavorable scenarios with respect to the specificity of the 

TST, the baseline prevalence of LTBI and HIV infection, and the probability of INH resistance.  

Higher specificity of the TST, higher prevalence of LTBI, higher HIV seroprevalence and less INH 

resistance would make TST screening (and INH therapy for LTBI) more cost effective. The reverse 

is also true i.e., lower specificity of the TST, lower prevalence of LTBI, lower HIV seroprevalence 

and more INH resistance would make TST screening less cost effective.  
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SUPPLEMENTAL RESULTS: 

 

Although the US federal government would be most likely to make foreign investments for 

DOTS expansion, the majority of the cost reductions would benefit individual US states. Based on 

the total number of all types of migrants arriving in each state, the estimated reduction in health care 

costs (ie direct costs) would be $51 and $24 million for California and Texas, respectively, as seen in 

Table S5. 

 A key sensitivity analysis determined the threshold impact of DOTS expansion on 

subsequent trends in incidence in Mexico, at which point this strategy would no longer be cost 

saving. As seen in Figure S3, DOTS expansion would still result in net savings if TB incidence 

declined by more than 1% annually. This also means that if the incidence of TB declined by 3% or 

4% with the radiographic screening/current TB control strategy, and by 5% or 6% with DOTS 

expansion, then net savings would still result. 
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SUPPLEMENTAL TABLES: 
 
Table S1: Summary of assumptions about tuberculosis pathogenesis 

 

    Pathogenetic Factor   Base    Range     Reference 

Reactivation from latent TB infection  
Present more than 2 years (“longstanding LTBI”)* 
HIV uninfected 
HIV infected – asymptomatic 
HIV infected – AIDS 

 
 
0.1%/ year 
3.4%/year 
33%/year 

 
 
0.1% - 0.2%/year 
3.4% - 8.7% 
33% - 67% 

 
 
(16;47) 
(59;79;80) 
(59) 

Within 2 years of new TB infection (“recent LTBI”) 
HIV uninfected 
HIV infected – asymptomatic  
HIV infected – AIDS 

 
5% 
33% 
100% 

 
2% - 15% 
33% - 100% 
50% - 100% 

 
(46;81) 
Extrapolated 
(60;62;82-84) 

    

Within 2 years of a second TB infection (re-infection)  
HIV uninfected – Protective effect 80% 
HIV infected – No protective effect 

 
1% 
33% or 100% 

 
 
 

 
(85;86)* 
Assumption 

HIV Uninfected and TB    
Untreated smear positive tuberculosis  
        Mortality   -  1 year, & 2 years 
        Spontaneous remission 
        Relapse after spontaneous remission 

 
33%, & 50% 
25% 
2.5%/year 

 
 
 
1.3% - 2.5%/ year 

 
From (87) 
(51) 
(51;88) 

     

Treated smear positive tuberculosis:  
        Relapse after cure (total over next 2 years) 
         
        Cure rate if default (SDR or drug sensitive) ** 

 
3.0% 
 
62.4% 

 
1.5% - 5% 

 
(89-93) 
(50;52-54) 

    

Effect of drug sensitivity or treatment outcomes 
        Relative risk of failure/ if single drug resistant 
        Relative risk of failure/ if multi-drug resistant 
        Relative risk of death/ if single drug resistant 
        Relative risk of death/ if multi-drug resistant 
 
        If MDR – Probability of cure with treatment  
                     – Probability of death with treatment 

 
2.0 
10.5 
1.0 
4.5 
 
48% 
12% 

 
 
 
 
 
 
48%-73% 
12%-26% 

 
(94) 
(94) 
(94) 
(94) 
 
(95;96) 
(95;96) 

HIV Infected and TB 
Average duration of HIV infection – Total 

 
9.8 years 

 
7.3-9.8 

 
(69;70) 

- Time spent in HIV asymptomatic state 9.0 years  (69) 
Annual risk of progression of asymptomatic HIV to AIDS 7% 7%-9% (69;70) 
    

Annual risk of death from HIV: HIV asymptomatic state 4.6%  (69) 
Annual risk of death from HIV: AIDS 22%  (69) 
Effect of prior active TB on relative risk of death from HIV 2.2 (2.2 – 4.0)  (23;67;68) 
Effect of HIV infection on relative risk of death during TB treatment (drug 
sensitive or single drug resistance) 

2.25  (63-66) 

Relapse after successful TB treatment (cured)  3.1% 3.1% - 6.4% (97-99) 

*    Assume that rate of reactivation from latent TB is the same whether it is more than two years after a 
first infection, or after re-infection. 

**  Transfer out considered equivalent to default (49). Overall cure rate if default based on timing of default 
(from (50)), and cure rates from trials of very short course treatment (52-54).
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Table S2: Active tuberculosis cases detected by immigrant screening abroad– 
estimated numbers and proportions – between 1998-2002 
 
 

 Immigrants to the US from 
 

 Haiti Dominican 
Republic Mexico 

Category B1 
- Total Number identified* 
- Proportion with active TB** 
- Total Number of TB Cases 

 
148 
.103 

15

 
140 
.103 

14 

 
701 
.103 

72
Category B2 

- Total Number identified * 
- Proportion with active TB** 
- Total Number of Cases 

 
769 
.024 

18

 
447 
.024 

11 

 
1,092 
.024 

26
 
Total estimated number of TB cases 
 
Total number screened overseas (1998-2000)*** 
 
Overall prevalence (%) of active TB 

 
33 

 
66,294 

 
0.05%

 
25 

 
71,842 

 
0.04% 

 
98 

 
323,527 

 
0.03%

 
TOTAL Number with HIV infection entering US 
in 1998-2002* 1

 
 

1 2
  
*  Source: CDC - unpublished data 
**  Source: Reference (8) – all immigrants and refugees. A second study (9) of refugees only, found 

higher rates of TB (19.7% for B1, 3.6% for B2). 
*** Source: Tables 3 & 10 from reference (5). 
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 Table S3: Estimation of total and infrastructure DOTS expansion costs. 
 

DOTS Implementation/Expansion Annual Smear 
Positive Costs per Infrastructure 

Country 
(GNI per 
capita) † 

Unit Population 

Incidence/ 
100,000 

Number 
(per unit) Total ($) Person TB case Total ($) (% of 

total) 
$ per 

person 
$ per 

TB case
Ecuador†† 
($1450) 

Health 
area 

104,000 63 65 $48,102 $0.46 $740 $15,813 (33%) $0.15 $243 

China‡ 
($960) 

County 400,000 36 144 $40,000 $0.10 $278 $23,200 (58%) $0.06 $145 

India** 
($470) 

Country 
(40%) 

436 
million 

101 440,360 $50 
million 

$0.11 $114 $8 million* (16%) $0.02 $18 

Haiti‡‡ 
($440) 

Country 
(all) 

8.3 million 147 12,201 $20 
million 

$2.40 $1,639 $3.9 
million 

(20%) $0.47 $320 

 
†     GNI:  Gross National Income; data from (31) 
††    Information from (36)  
*  From World Bank Report 1589-N. Includes: “Civil works, laboratory equipment, other goods or equipment, vehicles and 

project preparation facility”  
** Other information from India from (38) 
‡ Information from Dr. Dan Chin – WHO office Beijing, personal communication. 
‡‡ From (37) application to the Global Fund  
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Table S4: Results of large-scale tuberculin skin test screening programmes 
 

LTBI treatment 
Completed * Place (reference) Years 

(Reason/Population) 
Tuberculin 

Tested 
TST  

positive 
Medical 

evaluation 

LTBI 
treatment 
offered 

LTBI 
treatment 

started completed % offered % of LTBI 
British Columbia 
(100) 

2002 
(All) 19,001 4,292  1,617 814 452 28% 11% 

Denver (17)† 1987-88 
(immigration Adjusters) 4,840 2,039 1,528 1,029 863 716† 70% 35% 

Toronto (101)†† 1992-93 
(schoolchildren) 720** 162 142 62 56 52†† 84% 13% 

Seattle (16) 1980-81 
(refugees) 9,250 3,300 3,300      

British Columbia 
(102) 

1990-2001  
(contacts) 33,146 7,668  4,083 2,600 1,589 39% 21% 

1996-97 (immigrant 
applicants)  388 353 190  145   

(“B2”)  298 191 66  49   
(Contacts) 200 113 103 91  57   

Montreal (19) 

Total  799 647 347  251 72% 31% 

USA (103) 1999 
(contacts) 55,417‡ 12,901   9,018 5,746 64% 37% 

Montreal (104) 1987-1991 
(Students, workers) 7,669‡‡ 782 525 293  140 48% 13% 

Florida (105) 2001-2002 
(All)     8,350 4,214 50.5%  

*   % of offered - % of subjects who completed at least 6 months of therapy, out of all subjects who were recommended to take INH  
 % of LTBI– the % who completed at least 6 months of INH, out of all subjects initially identified to have LTBI (TST positive) or who would have been 

identified if they had TST .  
**  In this study the number tested represented 41% of all those who should have been tested 
†   Total cost of the program was 209,000 or $292 per patient completing therapy 
†† Total cost of the program was 43,178 or $830 per patient completing therapy. 
‡   This represented 83% of all those who should have been tested. 
‡‡   This represented 75% of all who should have been tested.  
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Table S5:  Cases averted and direct savings from DOTS expansion - for 5 US states 
that receive large numbers of migrants from the 3 source countries  (All costs in US$ 
MILLIONS) 

 
 

 Arizona California Florida New 
York 

Texas TOTAL 

Migrants entering per year (all types)† 
 From Mexico 
 From Haiti 
 From Dominican Republic 
 TOTAL 

70,193
32
34

70,259

628,805
266
245

629,316

30,709
15,920
4,730

51,359

 
26,323 
11,107 
27,910 
65,340 

299,779
119
272

300,170

1,055,809
27,444
33,191

1,116,444
TB Cases averted over 20 years 

 Migrants from Mexico 
 From Haiti 
 From Dominican Republic 
 TOTAL 

124
0
0

124

1114
2
1

1117

54
146
25

225

 
47 

102 
147 
296 

531
1
1

533

1870
251
174

2295
Direct, or State government savings 
with federal DOTS investment * 

 Migrants from Mexico 
 From Haiti 
 From Dominican Republic 
 TOTAL 

$5.7
$0.01
$0.01
$5.72

$51
$0.1
$0.1

$51.2

$2.4
$5.7
$1.0
$9.1

 
 

$2.1 
$4.0 
$5.8 

$11.9 

$24
$0.04
$0.1

$24.1

$85.2
$9.85
$7.01

$102.06
 
†  Source: Table PCT 19 from (106), and Tables 2, 25, and Q from (5), and from (7).  
*    Assumes that US federal government will make investment but that savings will accrue to the states’ 

at a governmental level 
 



 22

* Diagram shown for HIV uninfected migrants; certain probabilities and clinical outcomes change for HIV infected individuals  
† Migrant can remain a maximum of 2 years in state of “recent LTBI”, then moves to “old LTBI” state.

Figure S1: Modeling migrants’ health states on entry to the US
Health status on 

entry to USA
Outcome in first year 

in USA

Old LTBIHIV Uninfected*
(all types of migrants)

Active TB

Recent LTBI †

Not Diagnosed

Diagnosis

See Figure S2 for clinical outcomes for 
undiagnosed active TB

Cured TB
Re-infected with TB (Recent LTBI)
Survive cured TB 
Die Other

No TB Infected with TB (Recent LTBI)
Survive uninfected
Die other

Reactivate – active TB (see active TB node)
Remain infected with undiagnosed LTBI
Diagnosis Treated to cure

Not treated/non compliant; remain with old LTBIDie Other

See Figure S2 for clinical outcomes for 
diagnosed active TB

See Figure S2 for events occurring after 
arrival with recent LTBI

Old LTBIHIV Uninfected*
(all types of migrants)

Active TB

Recent LTBI †

Not Diagnosed

Diagnosis

See Figure S2 for clinical outcomes for 
undiagnosed active TB

Cured TB
Re-infected with TB (Recent LTBI)
Survive cured TB 
Die Other

Re-infected with TB (Recent LTBI)
Survive cured TB 
Die Other

No TB Infected with TB (Recent LTBI)
Survive uninfected
Die other

Reactivate – active TB (see active TB node)
Remain infected with undiagnosed LTBI
Diagnosis Treated to cure

Not treated/non compliant; remain with old LTBIDie Other

See Figure S2 for clinical outcomes for 
diagnosed active TB

See Figure S2 for events occurring after 
arrival with recent LTBI
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Figure S2: Sample decision analysis tree for Mexican migrants who 
enter the US with recently acquired latent tuberculosis infection

* Probability of having Recent LTBI will fall over time as DOTS expansion occurs in Mexico, and remains 
unchanged in other strategies

‡ the letter “p” refers to probability. For example pdieother = probability of dieing from other cause.

† states that are entered in subsequent cycles are not shown in figure
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Figure S3 – Government (direct), and societal (direct plus 
indirect) savings in the US, with varying annual decline in TB 

incidence after DOTS expansion in Mexico
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