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Abstract 

The U.S. has the most confirmed cases of coronavirus in the world, and all the states have been affected 

in varying degrees, including the death rates. Washington, New York, Oklahoma, have COVID-19 

deaths rates of over 4.5%, which is three times higher than Tennessee and Texas death rates, of 1.8%.1 

It is unknown whether such inequalities reflect differences between states in their population 

characteristics, socio-economics, health, and tobacco environmental or all of these. We used data from 

the COVID-19 data repository of the Johns Hopkins Center for Systems Science and Engineering 

(Baltimore, MD, USA) to examine state-by-state differences in COVID-19 mortality rates. We estimate 

regression models to determine the independent effect of pre-pandemic tuberculosis rate on COVID-19 

death rates. We exploit differences in tobacco policy environment across states to build an instrument 

for our main variable of interest – pre-existing tuberculosis prevalence. We show that a significant 

proportion of the observed interstate variation can be traced back to pre-existing prevalence of 

tuberculosis. Our results imply that pre-existing tuberculosis rates are associated with an increase in 

COVID-19 mortality rates of 3.2 to 7.4 deaths per 100,000 population. Our findings point to the need 

for considering pre-existing tuberculosis context in designing interventions aimed at reducing pandemic 

transmission. Identifying heterogeneity in the state-by-state distribution of tuberculosis cases and 

characterising its drivers can help to inform targeted public health response and can benefit efforts to 

stop the spread of COVID-19.  
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INTRODUCTION 

 

Why do some U.S. states have a higher COVID-19 fatality rate than others? The answer 

to this question can provide useful information for the design and implementation of policy 

interventions. In this paper, we show that a significant proportion of the observed interstate 

variation can be traced back to the pre-existing prevalence of tuberculosis. Tackling the 

tuberculosis pandemic is therefore likely to have positive externalities for COVID-19.  

 Geographical inequality in US adult mortality has been studied in the context of 

spatially patterned characteristics of the population and the socio-economic environment. These 

include social cohesion (e.g. inequality of income distribution, unemployment, incidence of 

violent crime) (Montez et al. 2016; Singh and Siahpush, 2014), economic opportunities (e.g. 

median household income, aggregate real income, educational expenditure, and education 

attainments) (Dunn et al., 2005; Kinding and Cheng, 2013; Morgan and Morgan, 2013; Montez 

et al. 2019), and racial and demographic factors (Ezzati et al. 2008; Bime et al. 2016). 

Interestingly, some recent analysis suggests that part of the variation due to race is explained 

by other characteristics, primarily education attainments and exposure to risk factors such as 

obesity and smoking (Elo et al. 2017). 

  While data are still preliminary, some evidence on factors affecting variation in 

COVID-19 mortality is starting to emerge. Studies emphasise several common characteristics 

shared by at-risk individuals, including older age (Diamond et al. 2020; Zhou et al. 2020), pre-

existing conditions/comorbidities (e.g. other respiratory disease, hypertension, cardiovascular 

disease) (Cen et al. 2020; Wu et al. 2020a; Diamond et al. 2020; Ahmed et al. 2020), and 

obesity and smoking (Wu et al. 2020b, Wang et al. 2020). The availability of hospital beds in 

the relevant territorial administration is another relevant risk factor (Wu et al. 2020).  

 Our study joins these two strands of the literature to estimate the contribution of pre-

existing tuberculosis prevalence to the observed variation in COVID-19 mortality in the U.S. 

Miller et al. (2020) identify a correlation between Bacille Calmette Guerin (BCG) 

immunization policy and reduced morbidity and mortality for COVID-19. However, other 

studies argue that this correlation is not significant (Li et al. 2020) or spurious (Fukui et al. 

2020). We contribute to this debate in two ways. First, we look at tuberculosis prevalence 

directly, so to focus on the outcome of the policy intervention rather than the input. Second, we 

take advantage of significant differences in the tobacco policy environment across U.S. states 

to instrument our variable of interest. 
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DATA AND RESULTS 

 

We used data from the COVID-19 data repository of the Johns Hopkins Center for Systems 

Science and Engineering (Baltimore, MD, USA) to examine state-by-state differences in 

COVID-19 mortality rates. 2  We estimate multivariate regressions that relate recent COVID-

19 death rates to pre-pandemic tuberculosis rate (TB) across states. 3  The percentage of 

tuberculosis cases vary significantly by geographical location across the U.S. states. In 2018, 

among the U.S. states, the majority of TB cases continued to be reported from 4 states: 

California (23.2%), Texas (12.5%), New York (8.3%), and Florida (6.5%) (Centre for Disease 

Control and Prevention). Low-socioeconomic status and ethnic background continue 

disproportionally to bear the burden of tuberculosis among U.S. born individuals (Noppert et 

al. 2017). 4 The immune status that makes people vulnerable to tuberculosis could also make 

them susceptible to coronavirus infection and increase disease severity (Liu et a. 2020). 

We estimate regression models to determine the independent effect of pre-pandemic 

tuberculosis rate on COVID-19 death rates. 5  We include state-level socioeconomic 

characteristics (gross state product per capita, percent of adults 25 years and older with a 

bachelor’s degree, unemployment rates as percentage of the labor force, proportion of 

population above aged of 65, violent crime rate, number of hospital beds) and pre-existing 

health characteristics (hypertension and kidney prevalence). We account for omitted variable 

bias in an instrumental variable model by considering tobacco environment as a potential risk 

factor for tuberculosis infection and disease progression.6 We use as instruments state-level 

controls for average cost per cigarette pack and state tax as percent of retail price of cigarette.7 

The exclusion restriction rests on the assumption that average cost per cigarette pack and state 

tax as percent of retail price of cigarette do not affect the COVID-19 outcome directly. 

 
2 Data of COVID-19 cases and death per state were obtained from John Hopkins University Coronavirus Resource Centre on 9th 
April 2020. Although there is no ideal geographic level for examining health inequalities, there is long and prominent tradition of 
focusing on states (e.g., Patel et al., 2014).  

3 Tuberculosis (TB) remains one of the major causes of infectious morbidity and mortality globally, claiming 

millions of lives every year. Approximately one-third of the world’s population is estimated to be infected with 

Mycobacterium tuberculosis, giving rise to 10 million cases of active TB disease each year (WHO, 2019).  
4  The tuberculosis rates are higher among Hispanics, blacks or African Americans. In 2015, about 87% of the TB cases in the 
U.S. were in racial and ethnic minorities (Centres for Disease Control and Prevention).  
5 Death rate refers to the number of people who die from coronavirus compared with the number of confirmed cases. According 
to John Hopkins University Coronavirus Resource Centre the global death rate is 4.5%. 

6 Smoking is a leading cause of preventable disease, disability, and death in the United States (HHS, 2014). 
7 The instrumental variable method allows us to estimate the coefficient of interest (pre-pandemic tuberculosis rate) consistently 
and free from asymptotic bias from omitted variables, without actually having data on the omitted variables or even knowing what 
they are (Angrist and Krueger, 2001).  
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We find a significant association between the pre-existing tuberculosis rates and 

COVID-19 mortality rates. In a most parsimonious specification, while only controlling for the 

proportion of elderly individuals (+65), our results imply that pre-existing tuberculosis rates are 

associated with an increase in COVID-19 mortality rates of 2.7 deaths per 100,000 population.8 

Controlling for socioeconomic and pre-existing health conditions increases slightly the 

magnitude of the main coefficient of interest, and we find a statistically significant increase in 

COVID-19 mortality rates of 3.2 deaths per 100,000 population (see Fig. 1). We see no 

significant predictive effect of the pre-existing hypertension and kidney health conditions, and 

socio-economic characteristics. To assess the robustness of our results to potential outliers we 

repeat the analysis excluding New York state. 9  Our results remain robust to this sample 

exclusion. 

 

Figure 1 COVID-19 and pre-existing tuberculosis rate for the 50 U.S. states – OLS 

regression 

 

 
8 Table A 2. shows four specifications in which variables were added sequentially. The first specification includes proportion of 
elderly individuals (+65), and column (2) adds in addition health conditions, such as hypertension and kidney prevalence. In 
columns (3) and (4) we expand the regression model by controlling for total resident population, gross state product per capita, 
and number of hospital beds, unemployment rate and percent of adults 25 years and older with a bachelor’s degree, respectively. 
9 New York state has experienced the most severe COVID-19 outbreak and we anticipate that it may influence our analysis.  
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The instrumental variable estimates are twice as large - other things equal. Our results imply 

that pre-existing tuberculosis rates are associated with an increase in the COVID-19 mortality 

rates of 7.4 deaths per 100,000 population (see Fig. 2). The first-stage result indicates that the 

coefficients for the average cost per cigarette pack and state tax as percent of the retail cigarette 

price are highly significant, indicating that the two instruments are strong predictors for the 

prevalence of tuberculosis. Previous systematic reviews and meta-analyses of observational 

studies have shown a strong association between the global epidemics of tuberculosis and 

smoking, exposure to tobacco smoke having been associated with tuberculosis infection, active 

tuberculosis, and tuberculosis-related mortality (Bates et al., 2017). Other things equal, we 

demonstrate that higher average cost per pack and the state taxation are reducing significantly 

the incidence of tuberculosis (see Table A 2).  

 

Figure 2:  COVID-19 and pre-existing tuberculosis rate for the 50 U.S. states – IV 

regression 

 

This study has several limitations. The present analysis cannot approximate relationships at the 

individual level; instead relationships between state aggregate characteristics are described. 

Although we have done considerable exploration of alternative factors, this article does not 

demonstrate causality as the analysis is limited by data availability. Individual level data from 

across the U.S. and other countries about deaths by age, underlying medical conditions, 
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medications being taken at time of death, and other factors could help us understand how the 

COVID-19 behaves at both a population and individual level. While we have tried to address a 

range of factors identified as important in mortality context, including tobacco policy 

environment, our analysis may not capture all of the factors that contributed to the COVID-19 

mortality. In particular, our analysis does not account for local state interventions in response 

to the pandemic that could have influenced the variation in the COVID-19 death rates across 

states. 

 

DISCUSSION 

 

“The current pandemic is not COVID-19 but tuberculosis. It is worth comparing the COVID-

19 and tuberculosis pandemics to ensure that, while we focus on the former, we do not forget 

the latter” (Wingfield, et al., 2020). Our findings support the view that tackling the tuberculosis 

pandemic generates positive externalities for the COVID-19 pandemic. While we do not 

establish a direct casual effect between the Bacille Calmette-Guerin (BCG) vaccine and 

COVID-19 mortality, our results indicate that a policy aimed at preventing the spread of 

tuberculosis will likely reduce mortality from COVID-19. A second important corollary finding 

of our analysis is that the tobacco policy environment, through its impact on the prevalence of 

tuberculosis, can also contribute to reducing COVID-19 mortality. Future work should extend 

the analysis towards the estimation of a more structural set of relationships, whereby the 

determinants of tuberculosis prevalence and its effect on COVID-19 are jointly estimated. 

 

References 

Ahmed, F., Ahmed, N., Pissarides, Ch., Stiglitz, J. (2020), Why inequality could spread COVID-19, 

The Lancet Public Health.  

Aaron, M., Mac Josh Reandelar, M., Fasciglione, K., Roumenova, V., Li, Y., and Otazu, G. (2020), 

Correlation between universal BCG vaccination policy and reduced morbidity and mortality for 

COVID-19: An epidemiological study, unpublished.  

 

Angrsit, J. and Krueger, A. (2001), Instrumental Variables and the search for identification: From 

Supply and Demand to Natural Experiments, Journal of Economic Perspectives, 15(4), 69-85.  

 

Bates, M., Khalakdina, A., Pai M, Chang L, Lessa F, Smith KR. (2007). The risk of tuberculosis from 

exposure to tobacco smoke a systematic review and meta-analysis. Arch Intern Med;167(4):335–342. 

 



 

7 
 

Bime, C., Poongkunran, C., Borgstrom, M., Natt, B., Desai, H., Parthasarathy, S., & Garcia, J. G. (2016). 

Racial differences in mortality from severe acute respiratory failure in the United States, 2008–2012. 

Annals of the American Thoracic Society, 13(12), 2184-2189. 

 

Bloch, A., Cauthen, G., Onorato, I., Dansbury, K., Kelly, G., Driver, C. (1994), Nationwide survey of 

drug-resistant tuberculosis in the United States. JAMA, 271, 665–71. 

 

Chen Tao, Wu Di, Chen Huilong, Yan Weiming, Yang Danlei, Chen Guang. (2020), Clinical 

characteristics of 113 deceased patients with coronavirus disease 2019: retrospective study BMJ; 368 

:091 

 

Diamond M, Peniston Feliciano H., Sanghavi D. (2020), Acute Respiratory Distress Syndrome (ARDS) 

In: StatPearls Treasure Island (FL): StatPearls Publishing; 2020. 

 

Ezzati, M., Friedman, A., Kulkarni, C., and Murray, C. (2008), The reversal of fortunes: trends in county 

mortality and cross-county mortality disparities in the United States. PLoS Medicine, 5, 0557–0568. 
 

Fukui, M., Kawaguchi, K. and Matsuura, H., 2020. Does TB Vaccination Reduce COVID-19 Infection? 

No Evidence from a Regression Discontinuity Analysis. No Evidence from a Regression Discontinuity 

Analysis (April 9, 2020). 

 

HHS. The health consequences of smoking: 50 years of progress. A Report of the Surgeon General. 

Altanta, GA: CDC, National Center for Chronic Disease Prevention and Health Promotion, Office on 

Smoking and Health.  

 

Kindig, D., and Cheng, R. (2013), Even as mortality fell in most U.S. counties, female mortality 

nonetheless rose in 42.8 percent of counties from 1992 to 2006. Health Affairs, 32, 451–458. 

 

Li, Y., Zhao, S., Zhuang, Z., Cao, P., Yang, L., & He, D. (2020). The Correlation between BCG 

Immunization Coverage and the Severity of COVID-19. Available at SSRN 3568954. 

 

Liu, Y., Bi, L., Chen, Y., Wang, Y., Fleming, J., Yu, Y., Gu, Y., Liu, C. Fan, L, Wang, X, Cheng, M. 

(2020) Active or latent tuberculosis increases susceptibility to COVID-19 and disease severity, The 

preprint server for health sciences. medRxiv. 

 

Miller, A., Reandelar, M.J., Fasciglione, K., Roumenova, V., Li, Y. and Otazu, G.H., 2020. Correlation 

between universal BCG vaccination policy and reduced morbidity and mortality for COVID-19: an 

epidemiological study. medRxiv. 

 

Morgan, K., and Morgan, S. (2013), State rankings 2013. A statistical view of America, Los Angeles: 

SAGE and CQ Press.  

 

Montez, J., Zajacova, A., Hayward, M. (2016), Explaining inequalities in women’s mortality between 

U.S. States, SSM-Population Heath 2, 561-571.  

 

Montez, J. K., Zajacova, A., Hayward, M. D., Woolf, S. H., Chapman, D., & Beckfield, J. (2019). 

Educational disparities in adult mortality across US states: how do they differ, and have they changed 

since the mid-1980s? Demography, 56(2), 621-644 

 

Noppert, G., Yang, Z., Clarke, P., Ye, W., Davidson, P. Wilson, M. (2017). Individual and 

neighbourhood-level contextual factors are associated with Mycobacterium tuberculosis transmission: 

genotypic clustering of cases in Michigan, 2004-2012, Annals of Epidemiology, 27(6), 371-376. 

 

Patel, S., Narayan, K., Ali, M., and Mehta, N. (2014), Interstate variation in modifiable risk factors and 

cardiovascular mortality in the United States, PLoS One, 9, e101531.  



 

8 
 

 

Singh, G. K., & Siahpush, M. (2014). Widening rural–urban disparities in life expectancy, US, 1969–

2009. American Journal of Preventive Medicine, 46(2), e19-e29. 

Stock J, Yogo M. 2005. Identification and inference for econometric models: Essays in honor of Thomas 

Rothenberg, chap. Testing for Weak Instruments in Linear IV Regression. Cambridge University Press, 

80–108  

Wang D, Hu B, Hu C. (2020), Clinical characteristics of 138 hospitalized patients with 2019 Novel 

Coronavirus–Infected pneumonia in Wuhan, China, JAMA 323:1061-9.  

 

Wingfield, T., Cuevas, L., MacPherson, P., Millington, K., and Squire, B. (2020), Tackling two 

pandemics: a plea on World Tuberculosis Day, The Lancet Respiratory Medicine. 

World Health Organization (2019), Global tuberculosis report 2019. Latest status of the tuberculosis 

epidemic. Geneva: World Health Organization.  

World Health Organization (2020), Report of the WHO-China Joint Mission on coronavirus disease 

2019 (COVID-19). 

 

World Health Organization (2020), Tuberculosis and COVID-19. 

 

Wu, X., Nethery, R., Sabath, B., MA, Braun, D., Dominici, F., (2020), Exposure to air pollution and 

COVID-19 mortality in the United States. 

 

Wu Z, McGoogan JM. (2020), Characteristics of and important lessons from the coronavirus disease 

2019 (COVID-19) outbreak in China: summary of a report of 72314 cases from the Chinese Center for 

Disease Control and Prevention. JAMA. 

 

Zhou, F., Yu, T., Du, R., Fan, G., Liu, Y., Liu, Z., Xiang, J., Wang, Y., Song, B., Gu, X. and Guan, L., 

(2020). Clinical course and risk factors for mortality of adult inpatients with COVID-19 in Wuhan, 

China: a retrospective cohort study. The Lancet. 

 

 

  



 

9 
 

Appendix 
 

Table A 1. State contextual characteristics, data sources, and years of coverage 

 

Characteristic (data source in brackets) 

 

Year 

Economic Environment  

1. Real gross state product per capita  2018 

2. Education expenditures per capita  2017 

3. % of adults aged 25+ years with a bachelor’s degree or higher 2018 

  

Health conditions  

4. Tuberculosis rate  2018 

5. Hypertension  2018 

6. Kidney prevalence  2018 

 

Social Cohesion and population  

7. Gini coefficient of household income inequality 2018 

8. Unemployment rate  2019 

9. Total resident population 2019 

10. Population ages 65+ 2018 

11. Violent crime rate  2008 

  

Tobacco Environment  

12. State tax as percent of retail price of cigarettes 2018 

13. Average cost per cigarette pack 2018 

 

References 

[1] U.S. Bureau of Economic Analysis. 

[2] Urban Institute & Brookings Institution. 

[3] U.S. Census Bureau. 

[4] Centers for Disease Control and Prevention. 

[5] Hypertension Hospitalization Rate per 1,000 Medicare Beneficiaries. 

[6] Kidney prevalence per million state residents. Centers for Disease Control and Prevention. Chronic Kidney Disease 

Surveillance System. 

[7] U.S. Census Bureau. Income. Gini ratios by state. 

[8] U.S. Bureau of Labor Statistics. Unemployment Rates shown are a percentage of the labor force. 

[9] U.S. Census Bureau. 

[10] U.S. Census Bureau. Vintage 2018 Population Estimates. 

[11] U.S. Violent Department of Justice, Federal Bureau of Investigation, Crime in the United States, annual. 

[12] State Tobacco Activities Tracking and Evaluation (STATE) System. 

[13] State Tobacco Activities Tracking and Evaluation (STATE) System. 
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Table A 2. OLS and IV regressions with state COVID-19 as a function of pre-existing 

tuberculosis  

 OLS First-stage IV 

  (1) (2) (3) (4) (5) (6) 

       
Pre-pandemic Tuberculosis rate 2.776*** 3.173*** 3.629*** 3.194*** - 7.393*** 

 (0.643) (0.739) (0.736) (1.021)  (2.631) 

Population ages 65+ -0.001 -0.002 -0.002 -0.008 -0.001 -0.002 

 (0.001) (0.001) (0.001) (0.013) (0.001) (0.013) 

Hypertension - 0.070 0.053 0.018 -0.006 0.051 

  (0.089) (0.093) (0.115) (0.010) (0.108) 

Kidney prevalence - 0.004 0.004 0.001 0.000 0.005 

  (0.006) (0.007) (0.008) (0.001) (0.009) 

Total resident population - - -0.077 -0.039 0.002 -0.000 

   (0.140) (0.146) (0.014) (0.000) 

Real GDP per capita - - -0.000 -0.000 0.000 -0.000 

   (0.000) (0.000) (0.000) (0.000) 

Number of hospital beds  - - - 0.000 0.000 0.000 

    (0.001) (0.000) (0.001) 

Unemployment rate - - - 0.863 0.172 1.274 

    (2.902) (0.289) (3.102) 

Bachelor’s degree - - - -0.318 -0.024 -0.239 

    (0.718) (0.064) (0.622) 

Violence crime  - - - -0.000 0.000 -0.000 

    (0.000) (0.000) (0.000) 

Average cost per cigarette pack - - -  -1.896***  

     (0.494)  
State tax as % of retail cigarette price  - - - - -1.927*** - 

     (0.603)  
First- stage F-statistics - - - - 13.96 - 

Sargan statistics p-value      0.9045  
Durbin-Wu-Hausman test p-value       0.0366 

N 50 50 50 50 50 50 

R2 0.103 0.141 0.170 0.195   0.138 

Notes: Standard Errors clustered at state level are in parentheses. *p< 0.1, **p<0.05, ***p<0.01. The The first–

stage F–statistics on the excluded instruments compare favourably with the Stock and Yogo (2005) rule-of-thumb 

threshold. The Sargan test of the overidentifying restriction (p-value) implies that the overidentifying restrictions 

are valid and cannot be rejected, thus confirming that the two instruments are well determined. Endogeneity test 

corresponds to Durbin-Wu-Hausman (DWH) test (p-values).  

 

 


