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INTRODUCTION

What is now recognized as tuberculosis (TB) has been part of the human experience for all 

of recorded history, although it was not until the early 19th century that the various clinical 

presentations of the disease were first postulated to be one condition, and not until later in 

that century that TB was recognized as an infectious disease caused by Mycobacterium 
tuberculosis complex.1,2 In addition to the understanding of TB as an infectious disease that 

was transmissible person to person, researchers applied age-period-cohort methods in the 

1930s to demonstrate that the burden of TB in a given cohort at a young age could help to 

predict the TB burden in that cohort later in life.3,4 This observation was some of the earliest 

evidence that TB could remain “latent” in the body for many years after initial infection 

before progressing to clinically evident TB disease; this is now commonly known as latent 

TB infection (LTBI).

However, research in the last 10–20 years has drawn into question the classical model of TB 

as having two clinical states: LTBI and “active” TB disease. Rather, evidence now supports a 

model where infection with M. tuberculosis complex (i.e., “TB infection”) is recognized to 

exist on a clinical spectrum.5–7 Patients who reside on a part of the spectrum where the cell-

mediated immune response to TB infection can be detected through in-vivo (i.e., tuberculin 

skin testing; TST) or in-vitro (i.e., interferon-gamma release assay; IGRA) testing, but 

whose degree of tuberculous lesions remain below the limit of detection of available 

methods (e.g., radiography or microbiologic testing) are diagnosed as having LTBI.5–8 

Correspondingly, those persons whose tuberculous disease is severe enough to be detectable 

are classified as having TB disease.5–7 However flawed a dichotomization might be in terms 

of the true pathophysiology of TB, it can nonetheless be useful when studying TB 
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epidemiology because it is helpful to think of LTBI as potentially preventable TB disease, 

even if infected individuals are not now showing any signs of illness or able to transmit the 

infection to others.

In the United States, TB prevention activities have first focused on early detection and 

treatment of TB cases, in order to cure the patient and prevent further TB transmission.9 The 

second priority is contact investigation around infectious TB cases, to identify other TB 

disease or LTBI cases and offer treatment to reduce the risk of those individuals progressing 

to TB disease.9 Finally, as program resources allow, the third priority is to conduct targeted 

TB infection testing among high-risk populations to identify persons with remotely acquired 

LTBI and offer treatment.9

U.S. TB MORBIDITY, MORTALITY, AND DISABILITY-ADJUSTED LIFE YEARS

MORBIDITY

TB DISEASE

DIAGNOSIS AND VERIFICATION OF TB CASES FOR INCLUSION IN OFFICIAL 
COUNTS: The U.S. government began systematically tracking TB morbidity nationwide in 

1953, shortly after the widespread introduction of anti-TB chemotherapy drugs.10 Definitive 

diagnosis of TB requires compatible clinical signs and symptoms (e.g., persistent cough, 

unexplained weight loss, night sweats) in combination with laboratory and diagnostic 

imaging results consistent with TB.11 TB disease requires a minimum of 6 months of 

treatment following diagnosis, and cases are often not detected immediately because of the 

slow progression of the disease and TB’s mimicry of more common illnesses such as 

community-acquired pneumonia.11 This long treatment period makes it is especially 

important in describing the morbidity of TB to distinguish between incidence (new disease 

cases observed during a period of interest) and prevalence (all disease cases observed during 

the period). For TB, the more useful concept is incidence, and TB incidence is commonly 

described in terms of case counts and incidence rates. CDC uses U.S. Census Bureau official 

census and midyear postcensal estimates for population denominator data in the calculation 

of incidence rates, and rates are typically expressed in CDC TB surveillance data in terms of 

cases per 100,000 persons in the population of interest during the period of interest.12 While 

both measures are useful, this review will focus on annual incidence rates in order to account 

for the effect of changes in the size of the underlying population.

In order for U.S. TB surveillance reporting areas to verify a TB case for surveillance 

purposes, the case must meet the criteria for one of the three diagnostic classifications of 

TB: laboratory confirmation via positive culture or direct testing of a clinical specimen 

(81%), meeting clinical case criteria in the absence of laboratory confirmation (14%), or 

expert opinion of a healthcare provider for cases that do not meet either the laboratory or 

clinical criteria (5%).12

MORBIDITY TRENDS: U.S. TB incidence rates (Figure 1) consistently decreased at 

annual percent declines from 2.1% to 11.1% from the introduction of systematic national 

surveillance in 1953 (52.6 cases per 100,000 persons) to 1985 (9.3). In 1986, the incidence 
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rate increased (9.5) for the first time over the preceding year (previous recorded increases in 

1963 and 1975 were artifacts caused by changes in TB surveillance practices or one-time 

immigration events).10,12 This 1.6% increase in incidence rate could not be explained by 

either an administrative change in reporting criteria or a one-time immigration event.12 

Although declines resumed during 1987–1988, they were much slower (0.4–1.1% annual 

decline in case count and 1.3–2.0% annual decline in incidence rate).12 In 1989, a marked 

increase occurred in incidence rate (3.7%), followed by less dramatic increases during 1990–

1992 (1.5–2.3% annual increase in case count and 0.1–0.9% annual increase in incidence 

rate).12 This increase prompted considerable concern, including a Congressional 

investigation.10 In 1987, the U.S. Department of Health and Human Services established the 

Advisory Committee (later Council) for the Elimination of TB (ACET) to “provide 

recommendations for the development of new technology, application of prevention and 

control methods, and management of state and local tuberculosis programs targeted toward 

the elimination of tuberculosis as a public health problem.”13 In response, CDC and ACET 

created a strategic plan for the elimination of TB in the United States, establishing for the 

first time a national goal of TB elimination (defined as <1 TB case per 1,000,000 

population).13 Major factors that fueled the U.S. TB resurgence were the emergence of 

human immunodeficiency virus (HIV), the spread of multidrug-resistant (MDR) TB (a 

problem first noted in 1978), and reductions in resources for U.S. TB control programs.14–31 

A federal task force created the first National Action Plan to combat MDR TB in 1993.32 

This initial plan has subsequently been updated and built upon with other strategic planning 

documents, most recently in 2015.33 As a result of these efforts, primary MDR TB (i.e., 

MDR TB in a patient with no prior history of TB disease) has constituted <2% of U.S. TB 

cases since 1995.12

Beginning in 1993, the annual incidence rate began to decline again each year until 2015, 

when it increased slightly from 2.9 to 3.0 before beginning to decrease again in 2016 (2.9) 

and 2017 (2.8).12 An analysis of incidence rate trends during this period found that there are 

three distinct periods based on average annual percent change (APC) during 1993–2012: 

1993–2000 (APC = −7.3%), 2000–2007 (APC = −3.7%), and 2007–2012 (APC = −6.7%).34 

The relatively steep 2007–2012 decline included an abrupt drop in 2009 from 4.2 to 3.8 

(−10%) that raised concerns about potential underascertainment of TB cases; however, 

extensive investigations did not find evidence to support underdetection of TB cases.35–37 

One hypothesis for the abrupt decline was that the contemporaneous U.S. economic 

recession resulted in changes in migration patterns that influenced the TB incidence rate.35 

Another potential explanation was the introduction of new technical instructions for overseas 

panel physicians screening for TB among non-U.S.–born persons who were seeking legal 

permanent residency in the United States.38 Since 2012, though, the APC has been only 

−2.2%.34 This slowing trend has been observed across geographic and national origin strata, 

although it is notable that during the entire 1993–2017 period, incidence rates among U.S.-

born persons declined at a substantially faster pace than rates among non-U.S.–born persons; 

in fact, incidence rates for non-U.S.–born persons during 2013–2017 were essentially flat.34 

These data indicate that the percentage of U.S. TB cases occurring among non-U.S.–born 

persons has been steadily increasing.
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LTBI ESTIMATES—While LTBI has been viewed as an important aspect (and a particular 

challenge) of TB epidemiology, measuring and reducing LTBI has historically been 

considered a tertiary priority in the U.S. TB control program.9 The highest program priority 

is prompt detection and treatment of TB disease cases in order to prevent further 

transmission, followed by contact investigation to identify and treat persons recently infected 

with TB to prevent progression to TB disease.9 However, more recent experience including 

the results of multiple statistical models have reinforced the outsized effect of LTBI on the 

long-term epidemiology of TB disease, particularly in low-incidence countries.39–41 Unlike 

TB disease, LTBI is a condition that exists without clinical signs or symptoms. Accordingly, 

rather than incidence, prevalence is the preferred approach to describing LTBI morbidity. 

Also unlike TB disease, because LTBI cases will not come to the attention of the public 

health system without some form of active case-finding, traditional case-based public health 

surveillance is ill-suited to generating LTBI prevalence estimates.

Beginning in 1971, CDC has conducted periodic TB infection prevalence surveys as part of 

the National Health and Nutrition Examination Survey (NHANES), which is an annual 

survey that assesses the health and nutritional status of U.S. residents as part of a continuous 

program to meet emerging public health needs.42–44 The 2011–2012 NHANES estimated 

that 4.7% of the civilian, noninstitutionalized U.S. population aged ≥6 years were infected 

with TB, which corresponds to approximately 13.3 million persons.44 An estimated 5.0% of 

males and 4.4% of females were infected based on TST results, with the highest prevalence 

of infection among persons 45–64 years of age.44 Based on TST results, groups with higher 

LTBI prevalence included non-U.S.–born persons (20.5%), Hispanics (12.3%) and non-

Hispanic Asians (22.2%).44 LTBI prevalence estimates using IGRA resulted in similar 

patterns as for TST.44 In all populations, LTBI prevalence estimates did not significantly 

differ from the NHANES 1999–2000 estimates.43,44

In addition to supporting periodic NHANES estimates, CDC continues to explore other 

innovative approaches to estimating LTBI prevalence. One of these approaches takes 

advantage of an established, field-validated method using routinely collected U.S. TB 

surveillance data, linked to molecular genotyping information, to classify TB cases as being 

attributed to recent transmission (occurring in the preceding 2 years) by using this recent 

transmission estimate as the basis for “back-calculation” of the underlying LTBI prevalence.
45–47 Other approaches using mathematical modeling have also been published.48

MODELING THE FUTURE—Given the numerous key determinants of U.S. TB incidence 

rates, CDC and its partners have developed several advanced statistical models to explain 

and predict incidence rate trends.39–41 These models include many of the known predictors 

for TB incidence, and they indicate that without any changes in current U.S. TB control 

practices, incidence rate declines will continue to slow, with the main contributor to this 

trend being the prevalence of LTBI in the United States, particularly among non-U.S.–born 

persons.39–41
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MORTALITY AND DISABILITY

The United States has made considerable progress in reducing deaths attributed in TB 

(Figure 2). In 1953, the TB mortality rate was 12.4 deaths per 100,000 persons; however, 

within 10 years the rate had declined over 60% to 4.9 in 1963.12 After another decade, the 

rate had dropped by a similar degree to 1.8 in 1973, and this trend continued similarly into 

the early 1980s before slowing during the TB resurgence of the late 1980s.12 After the end 

of the resurgence, the mortality rate rapidly declined again until reaching 0.2 in 2003, where 

it has remained since then.12 A similar, although slower, trend has occurred with case 

fatality ratios, declining from 23.4% in 1953 to approximately 5.0–6.0% in the last several 

years.12 Statistical modeling of TB mortality rates predicts that the mortality rate will remain 

close to 0.2 until at least 2025 before the pace of decline in mortality begins to accelerate 

again.41

Reliance on vital statistics (death certificate) data for TB mortality estimates has prompted 

concerns that these estimates might represent persons who died with TB (i.e., TB was not 

the actual cause of death) rather than persons who died from TB; however, recently 

published research has found that most (72%) persons who die with TB did in fact have a 

TB-related death.49 Delayed diagnosis is the major risk factor for TB mortality; almost three 

fourths of persons who died from TB did so before diagnosis or within a month of treatment 

initiation.49 Other risk factors include HIV infection (or not knowing the patient’s HIV 

status), particularly severe forms of TB disease, preexisting comorbidities, use of 

immunosuppressive medications, multidrug resistance, and exclusion of pyrazinamide from 

the initial treatment regimen (possibly because of concern about hepatotoxicity).49,50

In the last two decades, public health programs have increasingly understood the importance 

of long-term effects of disease in patients who survive. The disability-adjusted life year 

(DALY) is a summary measure combining years of life lost to premature death with time 

lived in less than perfect health, which the DALY calculation refers to as “disability.”51 

Figure 3 shows the TB DALY and DALY rate (per 100,000 population) estimates for the 

United States, the Group of Seven (G7) industrialized countries, and for all WHO-member 

states.51 The U.S. DALY rate is on average >200 times lower than the global rate and nearly 

four times lower than the G7 rate; the U.S. rate also declined by nearly half between 2000 

and 2015.51 This suggests that the United States has been more effective at preventing TB 

death and disability than the world in general or even the comparably developed economies 

of the G7 countries; however, it is not clear what factors have led to the U.S. success in this 

regard.

U.S. TB RISK FACTORS

RISK FACTORS FOR ACQUISITION OF TB INFECTION

The beginning and end of the TB epidemiologic cycle is transmission of the infection to a 

new host, and one of the most important goals of public health programs is to prevent 

uninfected persons from becoming infected. This primary prevention goal is the top priority 

of the U.S. TB program. Only persons with respiratory forms of TB are considered 

infectious; however, nearly 80% of all U.S. TB cases reported in 2017 had a respiratory site 
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of disease.12 Over 70% of 2017 pulmonary TB cases were sputum-culture positive, which is 

an indication of infectiousness.12 The risk at a population level of becoming infected with 

TB is directly related to the concentration (case or incidence rate) of infectious TB cases to 

which that person is exposed.

The strongest risk factor for becoming infected with TB is the country in which a person is 

born or spends most of his or her life. For example, a person born in sub-Saharan Africa, 

where most countries report TB incidence rates ≥300 cases per 100,000 population, has 

about 100 times the risk on average of being exposed to someone with TB than a person who 

was born in the United States, where the incidence rate in 2017 was 2.8 cases per 

100,000.12,52 As a nation of immigrants, this difference is particularly striking in the United 

States when comparing U.S.-born and non-U.S.–born persons. During 2011–2012, 

NHANES estimated the overall prevalence of TB infection (based on a conservative TB 

infection definition requiring that both TST and IGRA results be positive) in the United 

States at approximately 2%; however, when stratified by origin of birth, the TB infection 

prevalence among non-U.S.–born persons using the double-positive definition was about 

9%, which is considerably higher than the estimate among U.S.-born persons (0.6%).44 As a 

result, non-U.S. birth is the major defining risk factor for >70% of U.S. TB cases, while the 

approximately 30% of cases occurring among U.S.-born persons typically involve one or 

more clinical or social risk factors such as immunocompromise, homelessness, or substance 

misuse.12

This difference in risk of infection is further demonstrated through the birth cohort effect.
3,4,12 However, even when stratifying by origin of birth among U.S. TB disease cases 

reported during 1996–2016 and controlling for age and period effects, all successive birth 

cohorts had lower age-specific incidence rates than all previous cohorts.53 This strong birth-

cohort effect is the consequence of steady reductions over time in the risk of TB exposure 

for each successive cohort.53

The next most important risk factor for acquiring TB infection is documented close contact 

with a TB patient; the risk of infection increases proportionately to the amount of time spent 

in close contact with persons who have infectious TB disease.54 Accordingly, any 

circumstances that can lead to crowding can increase the risk of TB infection and disease, 

e.g., estimated TB rates among persons experiencing homelessness (36–47 cases per 

100,000) and incarceration (8–29 cases per 100,000).55–57 Two analyses of data from the 

1999–2000 NHANES cycle identified associations between tobacco smoking or exposure to 

secondhand tobacco smoke and acquiring TB infection; however, this association has not 

been identified in subsequent NHANES cycles.58,59

Occupation can also increase risk of exposure to TB. Healthcare workers are at least 

theoretically at particular risk for TB exposure, although only a small proportion of U.S. TB 

cases are reported among healthcare workers, and these individuals often have other risk 

factors for acquiring TB infection, such as birth outside of the United States.60 A recent 

analysis in Canada, which has similar TB epidemiology to the United States, found that 

occupational exposure to TB (based on workers’ compensation claims) was relatively 

uncommon.61
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PROGRESSION OF TB INFECTION TO TB DISEASE

HIV coinfection played a major role in the resurgence of TB in the late 1980s and early 

1990s.17,19,21 Systematically assessing the degree of coinfection has been challenging 

because of low rates of HIV testing of TB patients and incomplete reporting of these data to 

CDC; however, efforts to promote testing and treatment for HIV infection have been largely 

successful.62 In 1993, only 30% of TB patients were tested for HIV, but nearly half of those 

tested were HIV-positive.12 In contrast, by 2017 nearly 90% of TB patients had been tested 

for HIV, and only 5.5% were positive.12 Even among this small proportion of coinfected 

patients, it is unclear how many are substantially immunocompromised given the widespread 

availability of highly effective antiretroviral therapy.

Individuals who misuse alcohol or drugs or who smoke tobacco are also at higher risk of 

progressing to TB disease, which could be because of a combination of factors including 

impaired overall health status.63–67 Use of TNF-α inhibitors for conditions such as 

rheumatoid arthritis is also associated with progression to TB disease.68 Additional risk 

factors for progression to TB disease include diabetes mellitus (19.1% of reported TB cases) 

and other non-HIV immunocompromising conditions, including end-stage renal disease and 

history of solid organ transplantation (7.5%).12,69–80

DISCUSSION

As the U.S. TB control program enters a new decade, a combination of old and new 

approaches are needed to maintain and accelerate progress toward eliminating TB in the 

United States. Traditional programmatic priorities focused on early detection of TB cases, 

prompt treatment of TB cases to prevent further transmission, and early identification and 

treatment of recently infected persons to reduce the risk of progression to TB disease have 

been highly successful in reducing TB incidence among U.S.-born persons; however, the 

decline in TB incidence among the non-U.S.–born has been much slower, largely because 

U.S.-based efforts to reduce recent transmission are substantially less effective in reducing 

TB incidence among non-U.S.–born populations that were most likely infected many years 

before arriving in the United States. Accordingly, more emphasis is needed on testing for 

and treating LTBI in high-risk populations such as the non-U.S.–born. However, while 

epidemiologic models have demonstrated that stopping recent transmission in the United 

States alone will not be sufficient to achieve TB elimination, it is equally clear from the TB 

resurgence in the late 1980s and early 1990s that control measures aimed at reducing recent 

transmission must be maintained to prevent a reversal of the substantial gains in TB control 

achieved during the last 70 years.

While it cannot be at the expense of transmission control activities, wherever possible TB 

control programs should increase their investments in testing for and treating LTBI among 

high-risk populations in order to accelerate progress toward TB elimination in the United 

States.81 More sensitive and specific tests are needed for TB infection to ensure that LTBI 

cases are not missed and persons without LTBI are not treated unnecessarily.81 Continued 

progress is also needed on developing LTBI treatment regimens that are less expensive, 

shorter, and less toxic than current treatments.81 In addition, development of diagnostic tests 

that can distinguish which LTBI cases are more likely to progress to TB disease would help 
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to prioritize LTBI cases for treatment.82 Finally, improvement of overseas TB screening of 

persons seeking entry into the United States to include more visa types and broaden testing 

for TB infection beyond children could substantially reduce the burden of TB among non-

U.S.–born persons living in the United States.83
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KEY POINTS

• Public health efforts have been successful in reducing TB morbidity and 

mortality through an approach largely focused on preventing TB transmission 

within the United States.

• Future U.S. TB prevention efforts should include a focus on testing for and 

treating latent tuberculosis infection in order to prevent progression to 

tuberculosis disease.

• Measures to prevent TB transmission in the United States must be maintained 

to avoid potential increases in recent transmission that could lead to large 

outbreaks.
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SYNOPSIS

Although considerable progress has been made in reducing U.S. tuberculosis incidence, 

the goal of eliminating the disease from the United States remains elusive. An enhanced 

focus on preventing new tuberculosis infections while also identifying and treating 

persons with existing tuberculosis infection is needed. Continued vigilance to ensure 

ongoing control of tuberculosis transmission remains key.

Langer et al. Page 14

Clin Chest Med. Author manuscript; available in PMC 2020 December 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Figure 1: 
Tuberculosis Cases and Incidence Rates --- United States, 1953–2017
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Figure 2: 
Tuberculosis Deaths and Mortality Rates --- United States, 1953–2016

Langer et al. Page 16

Clin Chest Med. Author manuscript; available in PMC 2020 December 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Figure 3: 
Disability-Adjusted Life Years (DALYs) Lost to Tuberculosis and DALYs per 100,000 

Population --- All WHO Member States, All G7 Countries, and United States, 2000–2016
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