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ABSTRACT

Purpose. The purpose of this study was to assess whether decreases in tuberculosis (TB) incidence
have been followed by reductions in TB disparities in New England during 2011 and from 2014
to 2018.

Background. Tuberculosis is a potentially serious infectious disease which, without treatment,
can be fatal. In the United States, 8,920 new cases were temporarily reported in 2019, showing a
decrease of 1.1% from 2018. Similarly, TB incidence declined to 2.7 cases per 100,000 persons,
accounting for 1.6% decrease from 2018 (CDC, 2020). Although this improvement, disparities in
rates of tuberculosis disease between Whites and minority groups continue to grow (Noppert,
Wilson, Clarke, Ye, Davidson & Yang, 2017). Among non-U.S.-born persons residing in the United
States in 2019, the highest TB rate was observed among Asians (25.7 per 100,00), compared with
25.1 per 100,000 for Native Hawaiians/Pacific Islanders, 19.5 per 100,000 for blacks/African
Americans, 10.2 per 100,000 for Hispanics/Latinos, 5.3 per 100,000 for American Indians/Alaska
Natives, and 3.1 per 100,000 for whites (CDC, 2020).

Methods. To calculate TB rates, TB rates by race/ethnicity and TB rates by country of origin, we
used TB case data from Centers for Disease Control and Prevention (CDC), Connecticut
Department of Public Health (CDPH), Connecticut Health I-Team, Rhode Island Department of
Public Health (RIDPH), and Vermont Department of Public Health (VDPH). We used rate ratios

(RRs) to evaluate tuberculosis rate disparities.
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Results. Although minority groups experienced decreases in TB rates, the study showed that RRs
for minorities increased, compared with Whites. Similarly, RR for non-U.S.-born people
increased, compared with U.S.-born individuals.

Conclusion. Overall Tuberculosis rates in New England declined during 2011 and from 2014 to
2018 while tuberculosis disparities increased at the same period. Asians experienced the greatest
disparity followed by Blacks and Hispanics, compared with Whites. Non-U.S.-born people had a

greater TB disparity, compared with U.S-born people.

Vi
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Introduction

Background

Tuberculosis (TB) is one of the leading infectious diseases worldwide. According to the
World Health Organization [WHO] (2020), in 2019, about 10 million persons were devastated by
tuberculosis in the world. Overall, incidence in tuberculosis is decreasing at about 2% annually,
and during 2015 to 2019, the cumulative TB incidence reached a reduction of 9% (World Health
Organization, 2020). Similarly, in 2019, 8,900 new TB cases were provisionally reported in the
United States (Centers for Disease Control and Prevention [CDC], 2020), compared with 9272 TB
cases reported in 2016 (CDC, 2017). The incidence of tuberculosis in the United States remained

relatively flat from 2013 to 2015 after steadily declining since the 1990s (Salinas et al., 2016).

Although this improvement, TB in the United States disproportionately affects the
population as minority groups are the most stricken by this infection (Schneider, 2005; Lippold,
Carter, Armstrong, & Hardison, 2014). In the United States, inequalities in income and education,
environmental and socioeconomic conditions, specific health behaviors and lifestyle patterns,
access to care, quality of services, culture and acculturation, racism and racial discrimination, and
ethnicity are some factors that contribute to the disproportionate burden of TB among minorities,

referred to as health disparity (Atrash, 2018).
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Definition of health disparities

Health disparities have been defined as “particular types of health difference closely linked
with social, economic, and/or environmental disadvantage”. Hence, health disparities adversely
affect groups of people who have systematically experienced greater obstacles to health based on
their ethnicity or race, gender or sex, age, religion, socioeconomic status, mental health, physical
disability, or other relevant characteristics (Department of Health and Human Services [DHHS],
2015). As Braveman reported in 2006, only differences that methodically and adversely affect less
advantaged groups are considered to be disparities.

Although disparities exist across these different dimensions mentioned above, the term is
often used or interpreted to reflect primarily differences between racial or ethnic groups
(Dehlendorf, Bryant, Huddleston, Jacoby, & Fujimoto, 2010). Health disparities may stem from
health inequities that are ‘“systematic differences in the health of groups and communities
occupying unequal, avoidable, and unjust positions in society” (Graham, 2004). In the United
States, although a lot of progress have been made to ameliorate health, racial and ethnic disparities
remain the most persistent inequities in health over time (Bell & Lee, 2011; Williams, Mohammed,
Leavell, & Collins 2010),

Racial and ethnic health disparities for minorities in the United States have many shapes,
such as higher rates of chronic disease and premature death, compared with the rates among whites.
This observation cannot be generalized as some minority groups, such as Hispanic immigrants

have better health outcomes than whites (Lara, Health, & Rand, 2005). However, this “immigrant
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paradox” is susceptible to decrease with the years lived in the United States (Lara, Health, & Rand,
2005).
Status of health disparities

Despite the significant progress made in reducing inequality in health outcomes (DHSS,
2016), the elimination of disparities in health has still to be accomplished. Furthermore, for many
illnesses, the reduction of health inequity does not represent the authenticity of fact as many are
concerned by the fact that minorities continue to face poorer quality of the care and have less
probability to undergo even ordinary medical care than Whites, even at the same health insurance
coverage (Smedley, Stith, & Nelson, 2003). As a result, some disparities, such as TB disparity
between white people and racial/ethnic minority groups, and between U.S.-born and foreign-born
people persist and grow substantially over time and continue to defy progression to the TB
suppression in the U.S (Jung, Bennion, Sorvillo, & Bellomy, 2010).

As many factors that contribute to health disparities fall outside the influence of the health
system, the elimination of inequalities in health status ultimately may require changes not only of
psychosocial factors, such as lifestyle characteristics and living conditions or health care delivery,
but also changing of socioeconomic conditions. In addition, health service interventions, whether
used alone or in collaboration with social and economic interventions, are likely to play a

significant role in reducing racial and ethnic disparities (Companelli, 2003).

Significance of study
The study describes and evaluates variations in tuberculosis rates and tuberculosis

disparities in New England during 2011 and from 2014 to 2018. It focuses on minority groups who
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carry an unequal weight of tuberculosis as the risk factors and TB incidence are greater among this
fringe of the population (Schneider, 2005). In fact, in 2019, among non-U.S.-born persons residing
in the United States, Asians had the highest TB rate of 25.7 per 100,000, followed by Native
Hawaiians/Pacific Islanders with 25.1 per 100,00, blacks/African Americans with 19.5 per
100,000, Hispanics/Latinos with 10.2 per 100,000, American Indians/Alaska Natives with 5.3 per
100,000 and whites with 3.1 per 100,000 (CDC, 2020).

According to Nelson, Schneider, Wells, & Moore (2004), in the United Sates, TB cases were
also reported among children younger than age 15 years who frequently and closely lived with TB
infected people in an environment where tuberculosis was endemic (Marais et al., 2005). The study
showed that children of all ages had higher TB rates. However, infants younger than 1 year and
children aged 1 to 5 years presented higher TB rates, compared with adult TB rates in progression
from infection to disease (Nelson & Wells, 2004).

In addition, contaminated children whose tuberculosis does not progress to illness constitute
a likely reservoir for tuberculosis in adulthood (Nelson & Wells, 2004). Moreover, adolescents
represent a major group that is likely affected with adult-type pulmonary TB and in which
tuberculosis rates continue to increase. As a result, adolescents are more likely than younger
children to transmit TB to others (Donald, Maher, & Qazi, 2007)

Purpose of the study

The purpose of this study was to assess whether declines in TB incidence have been followed

by decreases in TB disparities in New England during 2011, and from 2014 to 2018. The study

was consisted of two questions that were formulated using the variables race/ethnicity, country of
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origin, and TB incident cases. The first question we looked further was to investigate whether gaps
in TB rates narrowed when TB incidence globally decreased. Calculation of TB rates was based
on person-time that is an estimate time-at-risk participants contributed to the study (CDC, 2020 a).
The second question to be studied was to evaluate whether decreases in TB incidence have been
followed by reductions in TB disparities among racial/ethnic minority groups and non-U.S.-born
people. Reducing TB disparities in New England could play a substantial role in not only for an
equity point of view, but also for improving access of minorities to a health coverage and care of
quality (DHHS, 2015), and ensuring they receive care in a culturally and linguistically suitable
way (Malcolm, Laurie, Lois, Linnea, & Alice (n.d.).
Literature Review

Tuberculosis incidence rates and disparities

In 1989, after greatly reducing tuberculosis incidence rates in the United State, the Center
for Disease Control and Prevention (CDC) formulated a national strategic plan for TB elimination,
stipulated as “less than 1 case per million population” (CDC, 1989). In 2019, the CDC’ National
TB Surveillance System (NTSS) reported 8900 TB cases, the lowest annual number ever recorded
before (CDC, 2020). In the same year, due to the CDC organized TB control, an incidence rate of
29 per million, the lowest in the surveillance history (Khan et al., 2018), was recorded (Katrak &
Flood, 2018),

Despite the considerable efforts mentioned above, tuberculosis disparities related to
race/ethnicity continue to be reported in the United States (Noppert et al., 2017) as the disease is

differentially distributed among the U.S. population, striking largely minorities groups (Schneider,
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2005; Lippold, Carter, Armstrong & Hardison, 2014). The persistence of TB disparities between
whites and racial/ethnic minority groups, and between U.S.-born and foreign-born people
constitute a defiance to overcome to eliminate tuberculosis in the United States (Jung, Bennion,
Sorvillo & Bellomy, 2010).

Causes of persistence of TB disparity.

The higher prevalence of latent TB infection (LTBI) observed in minority groups, mainly
in non-U.S.-born people is one of the causes leading to the persistence of TB disparities in the
United States (Miramontes et al., 2012). The reactivation of LTBI, mostly that contracted in the
countries of origin, is considered as the reason for justifying the presence of TB cases among more
than 90% of non-U.S.-born persons (CDC, 2017). In fact, the United States accounts for 6.3 million
of the LTBI among about 40 million non-U.S.-born persons (Miramontes et al., 2012).

In addition, TB disparity persistence may derive from the roots of TB disparities that
include differential exposure to TB, historical discrimination, lack of health care access or quality
of care, lifestyles, and cultural practices (Thomas, Fine & Ibrahim, 2004). Moreover, many people
who are infected by tuberculosis present more than 1 social or medical condition that increases
their risk of infection with Mycobacterium tuberculosis or progression of TB disease, once infected
(Oeltmann, Kammerer, Pevzner & Moonan, 2009).

Determinants of tuberculosis disparities

Disparities in TB incidence may be related to nativity, the country where a person is born

(Noppert et al.,, 2017). This type of disparities can be differentiated into TB cases whose

transmission occurred recently and those occurring from reactivation of LTBI. Immigrants, for
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example, can be found in the second case as they may be infected in their country of origin and
reactivate sometime later when in the United States (Nuzzo, Golub, Chaulk & Shah, 2015).
Depending on race or ethnicity, TB adversely affects minority groups that have historically
experienced greater obstacles to health care. In fact, the percentage of TB cases that occurs in
Hispanics, Blacks, and Asians is constantly higher, compared to the one observed in White
Americans who represent the majority group. In 2016, for example, about 85.9% of the TB cases
reported in the United States were found among racial and ethnic minority groups. The percentage
of TB cases occurring in foreign-born was 68.5% of the total of the national cases (CDC, 2016).
The socio-economic status constitutes an important determinant of tuberculosis disparities.
It is a complex concept that includes a combination of factors, such as lack of education, low
income, overcrowding, unemployment, and some medical conditions that are responsible for an
important part of health inequities or increasing the risk of contracting tuberculosis (Sarkar, 2014).
To illustrate, HIV-infected patients are 18 times more likely to have active TB disease than persons
without HIV as HIV infection alters the immune system’s ability to fight TB germs (WHO, 2020;
Narasimhan, Wood, Macintyre & Mathai, 2013). As a result, people with this condition are likely
to develop TB disease if they are infected with TB germs (CDC, n.d.). Other TB risk factors, such
as diabetes, alcohol, malnutrition, homelessness, hepatitis C, and tobacco use may as well play an

important role in TB disparity determinants (Narasimhan, Wood, Macintyre & Mathai, 2013).
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Methods

Data collection

The data of TB cases, TB cases by race/ethnicity and TB cases by country of origin of the
years 2011, 2014, 2015, 2016, 2017, and 2018 from the States of Connecticut, Maine,
Massachusetts, New Hampshire, Rhodes Island, and Vermont were collected and combined to
estimate TB case rate (TB incidence rate), TB rate by race/ethnicity, TB rates by countries of
origin, and rate ratios (RRs) to assess TB disparities between minority groups and Whites, and
between U.S.-born and non-U.S.-born population.
Measures of TB rates

To calculate the annual TB case rates, the total number of new TB cases collected in given
year across all New England region was divided by the total number of populations observed in
the same year, using a multiplier of 100,000 to express the TB rate as the number of cases per
100,000 persons (Passannante, Sevilla, & Ahamed, 2005). The annual TB rates by race/ethnicity
was obtained dividing the total number of new TB cases observed in given race/ethnicity in given
year by the total number of the population inventoried in that race/ethnic group in the same year,
using a multiplier of 100,000. The annual TB rates for U.S.-born or non-U.S.-born persons were
obtained dividing the total number of new TB cases in U.S.-born or non-U.S.-born observed in
given year by the total number of the U.S.-born or non-U.S.-born population identified during the
same year, using a multiplier of 100,000.

To calculate different TB cases per 100,000 persons, we used as numerators the numbers

of TB cases, TB cases by race/ethnicity and TB cases by country of origin collected from different
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tuberculosis reports (CDC, n.d.; CDC, 1989; CDC, 2009; CDC, 2013; CDC, 2014; CDC, 2015;
CDC,2016; CDC, 2017; CDC, 2018, CDC, 2018a; CDC, 2019a; CDC, 2019b; CDC, 2019c¢; CDC,
2020; Connecticut Department of Public Health [CDPH], 2017; CDPH, 2020; Connecticut Health
[-Team, 2016; Rhode Island Department of Public Health [RIDPH], 2016; ; RIDPH, 2018; and
Vermont Department of Public Health [VDPH], 2017).

To obtain the number of population at risk for different racial/ethnic groups, U.S.-born persons,
and non-U.S.-born people, the data of annual estimates of the population of the years 2011, 2014,
2016, 2017, and 2018 from the States of Connecticut, Maine, Massachusetts, New Hampshire,
Rhodes Island, and Vermont were collected from different sources (U.S. Census Bureau, n.d. a, b,
c, d, e, f; CDC, 2013, 2016, 2017, 2018, 2018 a; Governing the Future of States & Localities
[GFSL], n. d.; Index Mundi, n. d.; Lattice Publishing, n. d.; Mass.gov., n. d.; Migration Policy
Institute [MPI], n. d. a, b; Pew Research Center [PRC], n. d. a, b). Annually, the data of population
of different racial/ethnic groups, and U.S.-born and non-U.S.-born populations was collected from
all States forming the New England region. The annual results of population of each demographic
characteristic obtained in different States was combined to obtain the total annual number of the
population. For each demographic group, we added the different total annual numbers of the
population obtained during the study period to obtain the number of the population at risk for that
demographic group. The addition of all numbers of the population at risk of all demographic

groups constituted the global number of the population at risk for this study.
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Measures of TB disparities

To measure TB disparity between racial/ethnic groups and Whites, and between U.S.-born
persons and non-U.S.-born persons, we annually calculated TB rate ratios (RRs) dividing TB rate
in given minority group in given year by TB rate in Whites (majority group) in the same year.
Whites were considered as reference group because of their historical lowest reported rates of TB
(Khan et al., 2018).

Using TB data published by CDC and other Agencies was ease of access online and cost
effectiveness as we did not invest any money, time, or effort into the data collection stages. The
data were cleaned and ready to be analyzed.

To evaluate the risk of tuberculosis for minorities, we calculated the Incidence Rate Ratio
(IRR) for each racial/ethnic minority groups during the study period comparing the average of
incidence rate in the more exposed group (a minority group) to the less exposed (Whites) (Boston
University School of Public Health, n. d.).

Measure of the average annual percentage change

To understand variations in TB rates, the average annual percentage decline and increase
rates were successively calculated for two years apart from 2011, 2014 to 2018. For each two
years, the final rate value was divided into the start rate, raised the power of two divided into one.
From this exponent, we subtracted one and then multiplied by 100 to obtain annual percentage
change for that period of time. Once the change rate percentage was calculated for all periods of

the study, we added them and divided the obtained number by six which is the number of years of

10
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the study period. The average annual percentage decreased if the obtained number was negative
or increased if the number was positive (Michael, 2019).
Data analysis

Overall, we examined variations of TB cases and TB incidence in New England during
2011, and from 2014-2018. We described trends in RRs for tuberculosis among racial/ethnic
minority groups compared with Whites and compared tuberculosis rates in U.S.-born with non-
U.S.-born people. The variables used in the analysis included TB incidence and race/ethnicity
categorized into Hispanic Americans, Asian Americans, Blacks or African Americans, and Whites
Americans. The country of origin variable was classified into U.S.-born and non-U.S.-born
individuals.

Results

Characteristics of the study population

Atotal of 1,891 TB cases were found in New England during 2011, and from 2014 to 2018.
Racial/ethnic minorities accounted for 82.3% (n = 1,557) of all reported cases, compared with
15.9% (n = 302) for Whites. Hispanics accounted for 18,8% (n = 356) of TB cases, Asian 38,5%
(n = 728), Blacks 25% (n = 473), and White 16% (n = 302). U.S.-born persons accounted for
16.9% (n = 320) and non-U.S.-born persons accounted for 82.5% (n = 1,560) (Table 1). Overall,
TB cases decreased 9.5%, from 334 cases to 302 cases during the study period.
We disregarded the TB cases for 2012 and 2013 as we did not find the complete data for these two

periods.

11
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Table 1.
Tuberculosis case, Incidence rate per 100,000, and Incidence Rate Ratio by race/ethnicity and
country of origin in New England: 2011, 2014-2018

TB cases (n=1891)
N % Population at risk TB Incidence rate IRR
per 100,000
Race/Ethnicity
Hispanic 356 18.8 9,295,418 3.8 8.6
Asian 728 38.5 4,135,295 17.6 39.3
Black 473 25.0 5,602,161 8.4 18.9
White 302 16.0 67,532,041 0.4 Ref.
Missing 32 1.7
Nativity
U.S.-born 320 16.9 76,792,068 0.4 Ref.
Non-U.S.-born 1560 82.5 11,548,242 13.5 32.4
Missing 11 0.6

Tuberculosis incidence rate distribution

During 2011 and from 2014 to 2018, TB incidence rates among racial/ethnic groups ranged
from 0.4 per 100,000 population for Whites to 17.6 per 100,000 population for Asians. Blacks had
a TB incidence of 8.4 per 100,000 and Hispanics accounted a TB rate of 3.8 per 100,000. From
the nativity point of view, non-U.S.-born persons accounted for 13.5 per 100,000 of TB incidence
rate, compared with 0.4 per 100,000 for U.S.-born persons (table 1).
TB disparities by race/ethnicity

Generally, incidence rate of TB decreased 13%, from 2.3 cases per 100,000 persons in 2011
to 2.0 cases per 100,000 persons in 2018. However, gaps in TB rates remained relatively
unchanged (Figure 1). TB rates decreased 91.7% among Whites from 0.6 to 0.5 per 100,000 and

15.4% among Hispanics from 3.9 to 3.3 per 100,000. Blacks experienced an 19.4% decrease in

12
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TB rates, from 9.3 to7.5 per 100,000, and Asians an 24.6% decrease, from 21.1 to 15.9 per 100,000
(Figure 1). Whereas TB rates declined for all racial/ethnic groups, TB disparities between minority
groups and Whites increased as RRs for all minorities substantially increased, compared with
Whites for each year data. Asians showed the highest RR among minority group followed by
Blacks and Hispanics, compared with Whites (Figure 2). The study showed that Asians had 39.3

times the rate of having tuberculosis, Blacks 18.9 times, and Hispanics 8.6 times, compared with

Whites (Table 1).

Figure 1.
Trends in Tuberculosis Rates Among Racial/Ethnic Groups in New England: 2011, 2014-2018
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Figure 2.
Trends in Rate Ratios for TB Among Minorities Compared with Whites in New England:
2011, 2014-2018
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TB disparities by country of origin

Similarly, TB rates decreased for both U.S-born and non-U.S.-born people. For U.S.-born
persons, TB incidence rate declined from 0.5 per 100,000 persons in 2011 to 0.4 per 100,000
persons in 2018, showing a decrease of 20%. It varied from 15.3 per 100,000 persons in 2011 to
12.3 per 100.000 persons in 2018 for non-U.S.- born persons, accounting for a decline of 19.6%.
However, RR showing the disparity between the U.S.-born and non-U.S.-born individuals
increased (Figure 4). Moreover, non-U.S.-born persons showed an increased risk of tuberculosis

as they had 32.4 times the rate of having the disease, compared with Whites (Table 1).
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Figure 3.

Comparison of Tuberculosis Rates in U.S.-Born and Non-U.S.-Born Persons in New England:
2011, 2014-2018

18

=
[e)]

AN
i

—_

=
N

Cases per 100,000
=
o

8
6
4
2
0 Q © Oo————20 o)
2011 2012 2013 2014 2015 2016 2017 2018
Year

e=@==J.S.-born ==@==N-U.S.-born

15



Disparities in Tuberculosis Rates in New England: 2011, 2014-20

Figure 4.
Trend in Rate Ratio for Non-U.S.-Born Persons Compared with U.S.-Born People in New England:
2011, 2014-2018
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The average annual percentage change
During 2011 and from 2014 to 2018, the average annual percentage change showed a

decline of 1.1%.

Discussion
This study is a part of the aim pursued by CDC that is to “reduce TB morbidity in the
United States with a particular focus on reducing disparities in TB morbidity among
disproportionately affected groups, including non-U.S.-born persons and racial and ethnic
minorities” (CDC, n.d. g). Overall, we found that TB incidence in New England declined during

2011, and from 2014 to 2018. However, gaps in TB rates remained stable (Figure 1). Decreases in
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TB incidence may result from decreasing TB transmission (Vynnycky & Fine, 1999), lower
prevalence of latent TB infection (LTBI) among new immigrants (Mori and Leung, 2010), and
decreasing reactivation rates among foreign-born people resulting from improved nutritional or
socioeconomic status, better access to healthcare or increasing treatment of LTBI (Crossa, Kessler,
& Harris, 2015).

The study showed that the average annual percent decline in TB incidence was 1.1%,
compared with an average percent decline of 1.6% per year observed in the United States during
2014-2018 (CDC, 2019). This identical trend of decline observed in New England and nationwide
might be partially explained by the fact that the population composition in New England became
more diversified like that of more populous U.S. states containing large and heterogeneous
populations at high risk for TB disease (Chemg et al., 2018).

Racial/ethnic minority groups experienced a disproportionate burden of TB disparities
during the study period. RRs demonstrated increases over time for all minority groups, compared
with Whites. Asians had the most important increase of disparity, followed by Blacks and
Hispanics. Particularly, Asians had a significant TB disparity in the average incidence rate
compared with Whites, showing a greater risk of tuberculosis, compared with other racial/minority
groups. Although Stead, Senner, Reddick, & Lofgren (1990) reported greater racial disparity in TB
incidence between Blacks and Whites, our results showed rather the existence of significant racial
disparity between Asians and Whites, corroborating to the national surveillance data (CDC, 2014).

Several important factors might contribute to highest rates of Tuberculosis among Asian

persons. In 2010, more than one third of the world’s TB patients lived in South Asia (CDC, n.d. a)
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and many of the non-U.S.-born Asian people could come from this high TB rate region (Stennis et
al., 2015). Also, the differences in social, clinical, and genotypic characteristics in Asians,
compared with other foreign-born persons constitute other factors contributing to the highest TB
rate observed in this population from Asia (Stennis et al., 2015). Moreover, the large proportion
of Asian TB patients found in this study might be explained by the fact that this minority group,
refusing to take HIV test, shows a high prevalence of HIV infection that could contribute to the
increase burden of TB among this population (Stennis et al., 2015).

Better predictors of TB incidence in New England among racial/ethnic minority groups
and non-U.S.-born persons might be social and environmental vulnerabilities, such as access to
care, poor nutrition, smoking, and alcohol consumption than traditional TB risk factors, such as
over-crowding living conditions or high population density (Myers, Westernhouse, Flood, and
Riley, 2006).

Conclusion

Overall, the study findings showed that Tuberculosis rate in the New England declined
during 2011 and from 2014 to 2018 while tuberculosis disparities increased at the same period.
Racial/ethnic minority groups and non-U.S.-born population sustained a disproportionate burden
of TB disparities. The greatest disparity among racial/ethnic groups was observed among Asians,

followed by Blacks and Hispanics.
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