
Tuberculosis (TB) and COVID-19 were leading in-
fectious causes of illness and death globally in 2020. 

In the United States, >17 million COVID-19 cases and 
≈7,000 TB cases were reported in 2020 (1). Both TB and 
COVID-19 are primarily respiratory illnesses with 
overlapping signs and symptoms, and the Centers  

for Disease Control and Prevention (CDC) lists 
TB as a medical risk factor for COVID-19–related  
disease severity and death (2). Few population-based  
reports of outcomes for persons with both TB and 
COVID-19 have been reported (3,4), and the defini-
tion of TB and COVID-19 co-diagnosis differs across 
studies. Those reports, and meta-analyses incorpo-
rating case reports and small observational series 
(5–8), have demonstrated higher mortality rates 
for persons with TB and COVID-19 compared with  
COVID-19 alone. Little has been published to ad-
equately assess COVID-19 as a risk factor for poor 
TB outcomes. Furthermore, limited information is 
available from low TB incidence populations, includ-
ing the United States. An analysis from California 
showed increased mortality rates for persons with TB 
and COVID-19 compared with TB only reported be-
fore the COVID-19 pandemic, particularly when TB 
and COVID-19 were diagnosed in close succession 
(9). That analysis indicated groups of persons who 
were disproportionately affected by both diseases, 
including Hispanic persons and those with diabetes 
or living in low health equity neighborhoods accord-
ing to the California Healthy Places Index (10).
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Little is known about co-occurring tuberculosis (TB) and  
COVID-19 in low TB incidence settings. We obtained a 
cross-section of 333 persons in the United States co-diag-
nosed with TB and COVID-19 within 180 days and com-
pared them to 4,433 persons with TB only in 2020 and 
18,898 persons with TB during 2017‒2019. Across both 
comparison groups, a higher proportion of persons with TB–
COVID-19 were Hispanic, were long-term care facility resi-
dents, and had diabetes. When adjusted for age, underlying 
conditions, and TB severity, COVID-19 co-infection was not 
statistically associated with death compared with TB infec-
tion only in 2020 (adjusted prevalence ratio 1.0 [95% CI 
0.8‒1.4]). Among TB–COVID-19 patients, death was asso-
ciated with a shorter interval between TB and COVID-19 di-
agnoses, older age, and being immunocompromised (non-
HIV). TB–COVID-19 deaths in the United States appear 
to be concentrated in subgroups sharing characteristics 
known to increase risk for death from either disease alone.
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The COVID-19 pandemic also affected TB epide-
miology and program management across epidemio-
logic contexts (11). In the United States, reported TB 
incidence declined ≈20% in 2020 compared with 2019 
(12). Limited information suggests that some persons 
with TB in the United States may have had more clini-
cally severe disease in 2020 than before the COVID-19 
pandemic (13), and TB diagnoses may have been de-
layed (14). We aimed to describe demographic, social, 
and clinical characteristics of persons with TB and  
COVID-19 in the United States, including risk for 
death, and to identify populations who may benefit 
most from integrated interventions.

Materials and Methods

Design and Population
We established a voluntary collaboration of US 
health jurisdictions to obtain a cross-sectional sam-
ple of persons with TB and COVID-19 diagnosed 
within 180 days (hereafter TB–COVID-19). We used 
the population-based National Tuberculosis Sur-
veillance System (NTSS) for cases reported during 
2017–2021 for standardized demographic, social, un-
derlying conditions, and TB-specific diagnosis and 
treatment variables (15). Each jurisdiction captured 
a subset of the standardized data elements from the 
National Notifiable Disease Surveillance System for 
COVID-19 cases (16) and contributed them to this 
project. The core set of COVID-19 and TB surveil-
lance data elements were consistent across jurisdic-
tions. We included all persons with COVID-19 meet-
ing the public health surveillance case definition 
for confirmed or probable COVID-19 (17) reported 
during January 1, 2020–June 30, 2021, who were 
also persons with TB reported in 2020 (i.e., persons 
with TB–COVID-19). Although the methods used by 
participating jurisdictions to identify persons with 
TB–COVID-19 varied (Appendix Table 1, https://
wwwnc.cdc.gov/EID/article/29/10/23-0286-App1.
pdf), each jurisdiction systematically identified their 
residents with co-diagnoses of TB and COVID-19 
using personal identifiers. Of 26 participating ju-
risdictions, 11 (42.3%) used a software algorithm 
that included name and date of birth to match per-
sons (several also included various combinations 
of sex, race/ethnicity, and place of residence), 8 
(30.8%) had integrated surveillance systems (i.e., 
a given individual’s TB and COVID-19 diagno-
ses were already linked to a single record), and 1 
(3.8%) with an integrated surveillance system also 
performed a name-based software match (Appen-
dix Table 1). Directly identifiable information in the  

surveillance registries was retained by participating  
jurisdictions and not shared with investigators in 
other jurisdictions or with CDC.

Each jurisdiction securely transmitted data on 
persons with TB–COVID-19 to CDC. We then ex-
cluded persons with TB–COVID-19 with unknown 
TB or COVID-19 diagnosis dates and for which 
diagnoses occurred >180 days apart, regardless of 
which disease was diagnosed first (Figure 1). For 
analysis of TB treatment outcomes, we excluded ju-
risdictions with incomplete TB case outcome data. 
To identify characteristics of persons with TB– 
COVID-19 that differed from persons with TB only, 
we compared them to characteristics of persons 
with TB reported in 2020 without COVID-19 (i.e., 
2020 TB-only) and TB reported during the 3 most 
recent pre–COVID-19 years, 2017–2019 (i.e., 2017–
2019 TB-only).

Data Elements
NTSS data included demographic, social, and clini-
cal characteristics, and TB diagnosis and treatment 
outcomes. We used a composite all-cause death 
outcome that included TB diagnosed after death, 
death occurring before or during TB treatment, and 
death recorded on the COVID-19 case report form. 
We defined the TB diagnosis date as the earliest 
among positive smear or tissue collection, positive 
nucleic acid amplification test result, first culture 
specimen collected for phenotypic drug-sensi-
tivity testing, or TB treatment start date. For the  
COVID-19 diagnosis date, we used the date of spec-
imen collection of the first positive nucleic acid am-
plification test or antigen test. We defined persons 
with disseminated TB as having meningeal or mili-
ary disease, both pulmonary and extrapulmonary 
disease, or having a positive culture for Mycobacte-
rium tuberculosis complex from blood.

Analytic Methods
We compared characteristics of persons with TB–
COVID-19 with those of persons with 2020 TB-only 
and 2017–2019 TB-only, calculating statistically sig-
nificant differences of bivariate frequencies by us-
ing the Mantel-Haenszel χ2 test (or Fisher exact test 
for small cell counts) with Bonferroni correction 
for multiple comparisons. We also calculated Clop-
per–Pearson binomial 95% CIs for some frequencies. 
For continuous variables, we assessed differences 
in parametric means by using t-tests. We used the 
Wilcoxon rank-sum test to compare nonparamet-
ric continuous variables. We calculated prevalence 
ratios (PRs) and 95% CIs by using log-binomial  
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multivariable regression employing backward selec-
tion in logistic regression models to identify statisti-
cally significant (α = 0.05) variables for inclusion in 
the log-binomial models. The final models included 
all variables reaching statistical significance and the 
COVID-19 co-diagnosis status as the exposure of in-
terest. We did not assess interaction terms in multi-
variable models. Rather than exclude persons with 
missing covariate data, we classified missing values 
as unknown and retained them in the models. We 
stratified outcomes by the proximity in timing of TB 
and COVID-19 diagnoses (i.e., within 30, 90, and 180 
days) and fit independent log-binomial models to 
each time interval.

Ethics Considerations
This activity was determined to meet the require-
ments of public health surveillance as defined in 
45 CFR 46.102(l) (2). Informed consent was not re-
quired because the project was classified by CDC 
as nonresearch. Although most participating ju-
risdictions relied on the CDC project determina-
tion, some independently classified the activity  
as nonresearch.

Results

TB–COVID-19 Analytic Population
The 26 participating jurisdictions accounted for 
62.9% of US TB cases in 2020 and 67.0% of the 2020 
US population (18). The number of all TB cases re-
ported in 2020 per participating jurisdiction ranged 
from 10 to 1,703: 12 jurisdictions (46.2%) reported 
<75 cases, 8 (30.8%) reported 75–149 cases, and 6 
(23.1%) reported >150 cases. Participating jurisdic-
tions reported ≈64% of the ≈46,353,000 COVID-19 
cases reported in US states and territories reported 
during the observation period (1). Jurisdictions us-
ing more robust methods (i.e., a software algorithm 
or an integrated surveillance system) to identify 
persons with TB–COVID-19 (Appendix Table 1) ac-
counted for 91.7% of the TB cases among the 26 par-
ticipating jurisdictions.

One of 26 jurisdictions (North Dakota) did not 
identify persons with TB–COVID-19 meeting our cri-
teria, and so we excluded numerator and denomina-
tor data for this jurisdiction from statistical analyses. 
The remaining 25 jurisdictions (23 US states; New 
York, NY; and Puerto Rico) identified 333 persons 
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Figure 1. Analytic sample 
selection for persons with TB 
and COVID-19 co-diagnosed 
within 180 days (TB–COVID-19), 
26 US jurisdictions, 2020. 
Three states performed registry 
matches with COVID-19 data up-
to-date through an earlier date 
(January 24, 2021; February 
2, 2021; August 31, 2021); 1 
US state (North Dakota) that 
participated did not have TB–
COVID-19 cases. The number of 
days between TB and COVID-19 
diagnosis dates was calculated 
without regard for which disease 
was diagnosed first. Data 
from 2 jurisdictions (Puerto 
Rico and Los Angeles County; 
remainder of California included) 
were excluded because of 
incompleteness of outcomes 
data. TB, tuberculosis.
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with TB–COVID-19 meeting study criteria (Figures 
1, 2). The number of persons with TB–COVID-19 
identified per health jurisdiction ranged from 1 to 
114 (Figure 2). The median age of persons with TB– 
COVID-19 was 55 years (interquartile range 35–69 
years); 204 (61.3%) were male and 129 (38.7%) female, 
and 264 (79.3%) were non–US-born (Table 1,  https://
wwwnc.cdc.gov/EID/article/29/10/23-0286-T1.
htm). Six (1.8%) persons were co-diagnosed with TB 
and COVID-19 on the same date, and 65 (19.5%) per-
sons were co-diagnosed within 14 days (Figure 3). Of 
the 327 TB–COVID-19 cases diagnosed >1 day apart, 
204 (62.4%) had TB diagnosed before COVID-19.

TB–COVID-19 Demographics Compared with  
2020 TB-only and 2017‒2019 TB-only 
We did not find statistically significant (95% CI with 
Bonferroni correction) bivariate differences in per-
sons with TB–COVID-19 relative to the 2020 TB-only 
and 2017–2019 TB-only comparison groups for sex, 
residence in a correctional facility, homelessness, or 
excessive alcohol use (Table 1). The TB–COVID-19 
group had a higher proportion of Hispanic persons 
compared with both of the reference groups (Table 
1). Higher proportions of persons with TB–COVID-19 
also were residents of long-term care facilities at TB 
diagnosis compared with both reference groups.

TB–COVID-19 Clinical Characteristics Compared  
with 2020 TB-only and 2017‒2019 TB-only 
We did not find statistically significant differences, 
compared with either the 2020 TB-only or 2017–
2019 TB-only reference group, for the proportion 
of persons with TB–COVID-19 by the status of a 
previous episode of TB, HIV infection, TB disease 
site (i.e., pulmonary-only, extrapulmonary, or both 
sites), or TB disease dissemination (Table 1). Com-
pared with both reference groups, persons with TB– 
COVID-19 had a higher rate of diabetes and end-
stage renal disease.

Multivariable Comparison of TB–COVID-19  
Characteristics Compared with 2020 TB-only and 
2017‒2019 TB-only
In comparison to 2020 TB-only, persons with TB and 
COVID-19 diagnosed within 180 days were more 
likely to be in American Indian/Alaska Native (ad-
justed prevalence ratio [aPR] 5.3 [95% CI 2.1–13.4]) 
and, with borderline statistical significance, Na-
tive Hawaiian/Other Pacific Islander (aPR 2.3 [95% 
CI 1.0–5.3]) relative to non-Hispanic whites (Table 
2). Persons with TB–COVID-19 also had a higher 
proportion of being non–US-born (aPR 1.5 [95%  

CI 1.1–2.1]), residing in long-term care facilities at 
TB diagnosis (aPR 2.5 [95% CI 1.6–4.0]), and having 
diabetes (aPR 1.6 [95% CI 1.3–2.0]). When comparing 
persons with TB–COVID-19 to 2017–2019 TB-only, 
those associations remained statistically significant; 
in addition, a higher proportion of persons with TB–
COVID-19 also had end-stage renal disease (aPR 1.7 
[95% CI 1.1–2.7]) and, with borderline statistical sig-
nificance, acid-fast bacilli sputum smear positivity 
(aPR 1.3 [95% CI 1.0–1.6]) (Table 2).

Mortality Rates Compared with 2020 TB-only Patients
The occurrence of death at any time before or during 
TB treatment was 450/3,793 (11.9% [95% CI 10.8–
12.9]) for 2020 TB-only. This rate compares with 
48/288 (16.7% [95% CI 12.6–21.5]; unadjusted preva-
lence ratio [uPR] 1.4 [95% CI 1.1–1.8]) for persons co-
diagnosed with TB and COVID-19 within 180 days, 
39/183 (21.3% [95% CI 15.6–28.0]; uPR 1.8 [95% CI 
1.3–2.5]) for those co-diagnosed within 90 days, and 
17/83 (20.5% [95% CI 12.4–30.8]; uPR 1.7 [95% CI 
1.1–2.7]) for those co-diagnosed within 30 days (Fig-
ure 4). After adjustment for age, comorbidities, and 
markers of TB disease severity, COVID-19 did not 
retain significance as an independent risk factor for 
all-cause mortality in persons with TB disease (Ap-
pendix Table 2). Significant cofactors were age ≥45 
years, HIV infection (aPR 2.1 [95% CI 1.3–3.5]), end-
stage renal disease (aPR 1.8 [95% CI 1.4–2.4]), TB dis-
ease dissemination (aPR 1.5 [95% CI 1.1–1.9]), and 
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Figure 2. Locations of 25 US jurisdictions contributing data for 
333 persons with tuberculosis (TB) and COVID-19 co-diagnosed 
within 180 days (TB–COVID-19), 2020. Participating jurisdictions: 
Alabama (n = 5 cases), Arizona (n = 21), Arkansas (n = 9), 
California (n = 114), Colorado (n = 7), Indiana (n = 10), Iowa  
(n = 2), Kentucky (n = 6), Louisiana (n = 3), Massachusetts 
(n = 7), Michigan (n = 11), Minnesota (n = 14), Nevada (n = 4), 
New Hampshire (n = 1), New Jersey (n = 28), New Mexico  
(n = 4), New York State (n = 6); New York, NY (reporting 
separately; n = 37), North Carolina (n = 11), Ohio (n = 6), Puerto 
Rico (n = 2), South Carolina (n = 2), Tennessee (n = 11), Texas  
(n = 6), and Wisconsin (n = 6). North Dakota provided data but 
had no TB–COVID-19 cases reported.
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sputum smear positivity for acid-fast bacilli (aPR 1.4 
[95% CI 1.1–1.8]). We observed similar associations 
when persons had TB and COVID-19 diagnosed 
within shorter intervals (i.e., 30 and 90 days) (Ap-
pendix Table 2).

Risk Factors for Death among TB–COVID-19 Patients
Among the 288 persons with TB–COVID-19 with 
known mortality outcome (86.5% of all 333 persons 

with TB–COVID-19), death was associated with both 
TB and COVID-19 co-diagnoses being made within 90 
days (aPR 2.3 [95% CI 1.1–4.8]), being immunocom-
promised (non-HIV) (aPR 2.7 [95% CI 1.1–6.4]), and 
age (Table 3). The adjusted risk for death increased 
with increasing age compared with <44 years: 45–64 
years, aPR 5.6 (95% CI 1.6–19.8); 65–74 years, aPR 8.6 
(95% CI 2.4–31.3); 75–84 years, aPR 12.6 (95% CI 3.5–
45.7); and >85 years, aPR 25.0 (95% CI 6.9–91.1).
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Table 2. Multivariable log-binomial regression of characteristics for 333 persons from 25 US jurisdictions who were diagnosed with 
TB–COVID-19 in 2020 and persons with TB only diagnosed in 2017‒2019 or in 2020* 

Characteristic 
2020 TB only 

 
2017‒2019 TB only 

uPR (95% CI) aPR (95% CI) uPR (95% CI) aPR (95% CI) 
Race/ethnicity†      
 White Referent Referent  Referent Referent 
 Black 0.8 (0.6‒1.1) 1.1 (0.7‒1.7)  0.9 (0.6‒1.1) 1.2 (0.7‒1.9) 
 Asian 0.7 (0.6‒0.9) 0.8 (0.5‒1.2)  0.7 (0.6‒0.9) 0.8 (0.5‒1.3) 
 Hispanic 1.6 (1.3‒2.0) 1.4 (0.9‒2.2)  1.6 (1.3‒1.9) 1.4 (0.9‒2.2) 
 NHOPI 2.4 (1.1‒5.4) 2.3 (1.0‒5.3)  2.2 (0.9‒5.2) 2.9 (1.1‒7.4) 
 American Indian/Alaska Native 3.4 (1.4‒8.1) 5.3 (2.1‒13.4)  2.3 (0.9‒6.0) 3.4 (1.2‒9.6) 
Origin of birth      
 US-born Referent Referent  Referent Referent 
 Non–US-born 1.4 (1.1‒1.8) 1.5 (1.1‒2.1)  1.5 (1.1‒1.9) 1.6 (1.1‒2.2) 
AFB sputum smear result      
 Negative Referent NI  Referent Referent 
 Positive 1.3 (1.0‒1.5)   1.4 (1.1‒1.7) 1.3 (1.0‒1.6) 
 Missing/Unknown 0.9 (0.7‒1.2)   0.9 (0.7‒1.2) 1.0 (0.7‒1.5) 
Long-term care resident at TB diagnosis‡      
 No Referent Referent  Referent Referent 
 Yes 2.6 (1.6‒4.2) 2.5 (1.6‒4.0)  2.5 (1.5‒4.1) 2.4 (1.4‒4.0) 
Diabetes      
 No Referent Referent  Referent Referent 
 Yes 1.8 (1.4‒2.2) 1.6 (1.3‒2.0)  2.0 (1.6‒2.5) 1.8 (1.4‒2.2) 
End-stage renal disease      
 No Referent NI  Referent Referent 
 Yes 1.8 (1.2‒2.7)   2.2 (1.4‒3.4) 1.7 (1.1‒2.7) 
*Model adjusted for other variables in the table. aPR, adjusted prevalence ratio; AFB, acid-fast bacilli; NHOPI, Native Hawaiian and Other Pacific Islander; 
NI, not included in adjusted regression model because not statistically significant at 95% confidence level; TB, tuberculosis; TB–COVID-19, diagnosed 
with both TB and COVID-19 within 180 days; uPR, unadjusted prevalence ratio. 
†Multiple race category not included because no persons with TB–COVID-19 reported multiple races. 
‡Among persons >15 years of age. 
 

Figure 3. Frequency of 333 
persons with TB and COVID-19 
co-diagnosed (TB–COVID-19), by 
sequence and days between TB 
and COVID-19 diagnoses, 25 US 
jurisdictions, 2020. The percentage 
denominator accounts for all 333 
persons. Individual percentages 
may not sum to 100% because of 
rounding. TB, tuberculosis.
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Discussion
We report a large cohort of persons with TB–COVID-19 
from a low TB–incidence setting (the United States) 
during the COVID-19 pandemic. Persons with TB and 
COVID-19 had overlapping sociodemographic and 
medical risk profiles known to be associated with each 
disease, including long-term care residence, diabetes, 
and end-stage renal disease. The frequency of death 
for persons with TB–COVID-19 was higher than per-
sons with TB-only and depended on a shorter interval 
between TB and COVID-19 diagnoses (1 in 5 persons 
who had TB–COVID-19 co-diagnosed within 30 days 
died). However, COVID-19 was not independently 
associated with death among persons diagnosed with 
TB within 180 days when adjusted for age, underly-
ing conditions, and TB disease severity, compared 
with those with 2020 TB-only patients. Among persons 
with TB–COVID-19, the timing of TB and COVID-19 
co-diagnoses (i.e., within 90 days) remained a predic-
tor of death, along with increasing age and being im-
munocompromised (non-HIV). Another analysis from 
California demonstrated an age-adjusted mortality 
rate ratio of 1.3 (95% CI 0.7–2.5) for deaths among TB–
COVID-19 patients compared with 2017–2019 TB-only 
patients (9). That analysis did not adjust for underly-
ing conditions (9). Increased mortality rates for per-
sons with TB–COVID-19 has been repeatedly demon-
strated in other settings when compared with persons 
with COVID-19 only (5–8). Other studies have dem-
onstrated more severe COVID-19 disease classification 
among persons with TB–COVID-19 compared with 
persons diagnosed with COVID-19 without TB (19). 
However, few population-based studies have evalu-
ated COVID-19 as a risk factor for all-cause mortality 

among persons with TB while adjusting for age, un-
derlying conditions, and other potential confounders.

The baseline mortality rate for persons with TB 
was ≈9% annually in the United States in 2017 and 
2018 (18). In our study, ≈17% of persons diagnosed 
with TB and COVID-19 within 180 days died. None-
theless, in multivariable analysis corrected for age 
and underlying conditions, COVID-19 was not an in-
dependent predictor of death among persons with TB 
diagnosed within 180 days. Those findings suggest 
that poor outcomes for persons with TB–COVID-19 
may be driven by the overlapping sociodemograph-
ic and medical risk factors common to each TB and 
COVID-19 that already place persons with TB at risk 
for death with TB, rather than the effect of COVID-19 
coinfection alone. Compared with countries that have 
high TB prevalence, TB disease in the United States 
and other low TB incidence countries is more con-
centrated in older persons who have underlying con-
ditions such as diabetes and renal disease (18). The 
timing of TB and COVID-19 co-diagnoses and its as-
sociation with TB mortality warrants more investiga-
tion, given that our model demonstrated an associa-
tion between a smaller diagnostic interval (90 days) 
and death among persons with TB–COVID-19. In 
addition to biological mechanisms to explain the as-
sociation, persons with more severe COVID-19 may 
have been more likely to receive chest imaging and 
additional diagnostic testing to reveal concurrent TB.

Delayed TB diagnoses could have led to more severe 
TB disease at clinical evaluation in our analysis popu-
lation. Another study from a low TB incidence setting 
showed a higher proportion of positive microscopic ex-
aminations during the COVID-19 pandemic compared 
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Figure 4. Unadjusted mortality 
rates for persons with TB only 
during 2017‒2019 and during 
2020 compared with persons with 
TB–COVID-19 during 2020, 25 US 
jurisdictions. Error bars indicate 
95% CIs. TB, tuberculosis; TB–
COVID-19, diagnosed with both 
TB and COVID-19 within  
180 days.
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with historical trends (20), similar to the observation in 
this US cohort of persons with TB–COVID-19. This find-
ing suggests longer delays until TB diagnosis during the 
COVID-19 pandemic. The timing of TB diagnosis after 
COVID-19 (a substantial proportion had TB diagnosed 
within 14 days after COVID-19) could also reflect de-
layed TB diagnoses, suggesting that COVID-19 could 
have brought persons with undiagnosed TB into care.

TB program participation was nonrandom, which 
limits the representativeness of results to the entire 
United States, perhaps especially related to race and 
ethnicity. Nonetheless, the cohort represented a cross-
section of US jurisdictions with varying TB prevalence. 
An important distinction in comparison with other 
studies is that we were unable to compare outcomes for 
persons with TB–COVID-19 with those for persons with  
COVID-19 only. Other limitations are that the complete-
ness of COVID-19 case reporting may have differed by 
jurisdiction and phase of the epidemic. Missing data 
may have lessened the accuracy of some descriptive 
characteristics; missing death dates precluded hazards 
analyses of time to death. Longitudinal case manage-
ment for persons on TB treatment probably captured 
most, but potentially not all, deaths among persons 
with TB. Our definition for disseminated TB is intend-
ed to capture most cases resulting from hematogenous 
spread that might be associated with delayed diagnoses 
or poor outcomes. It may not reflect all disseminated TB 
characterized by isolated extrapulmonary lymphad-
enitis or TB misclassified because of incomplete tissue 
sampling. The Bonferroni correction may have raised 
the risk for type II error in bivariate comparisons, and 
the small number of persons with TB–COVID-19 and 
having sociodemographic characteristics potentially 
influencing outcomes (e.g., experiencing homeless-
ness) limited our ability to describe them. Strengths 
include the high completeness of sociodemographic 
data available in NTSS (15). Still, some underlying con-
ditions strongly associated with poor COVID-19 out-
comes (e.g., cardiovascular disease and obesity) were  
not available.

In conclusion, this analysis of a US cohort of per-
sons with TB–COVID-19 suggests deaths among per-
sons with TB–COVID-19 in the United States is con-
centrated in subgroups having shared characteristics 
known to increase risk for death with either disease 
alone. Timely consideration for TB disease among 
persons with COVID-19 and TB risk factors should be 
reinforced. Because death was associated with shorter 
intervals between co-diagnoses, prioritizing addition-
al early medical interventions for persons with con-
current disease processes who are at highest risk for 
death might improve outcomes. COVID-19 patients 

with severe disease may be given immunomodulat-
ing treatments that could reactivate latent TB infection. 
Therefore, COVID-19 patients with risk factors for TB 
infection could be considered for screening and treat-
ment of latent TB infection. Last, integration of screen-
ing for TB infection (risk factor review and serum inter-
feron gamma release assays testing) with community 
COVID-19 prevention efforts among subpopulations 
with shared risk profiles, as has been done for persons 
at increased risk for COVID-19 and diabetes (21), may 
expand high-yield opportunities to prevent TB.
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Appendix 

Appendix Table 1. Methods used to identify 333 persons with TB/COVID-19 among 25 U.S. jurisdictions 
Characteristic no./N (%) 
No. responding jurisdictions 26 
Method for identifying persons with TB also diagnosed with COVID-19*  
With formal registry match using advanced software 12/26 (46.2) 
 Formal registry match only 10/26 (38.5) 
 Formal registry match and integrated data system 1/26 (3.8) 
 Formal registry match and manual search 1/26 (3.8) 
Without formal registry match using advanced software 14/26 (53.8) 
 Integrated data system only 5/26 (19.2) 
 Manual search and integrated data system 3/26 (11.5) 
 Manual search only 6/26 (23.1) 
Matching algorithm (among formal registry matches)  
 Probabilistic 9/12 (75.0) 
 Deterministic 3/12 (25.0) 
Software program (among formal registry matches)  
 Project’s SAS script 2/12 (16.6) 
 MatchPro 1/12 (8.3) 
 Link Plus 1/12 (8.3) 
 Locally developed program 5/12 (41.7) 
 Other‡ 3/12 (25.0) 
Data elements used to identify persons with TB/COVID-19 (among formal registry matches)†  
 Name, birth date 3/12 (25.0) 
 Name, birth date, residence 5/12 (41.7) 
 Name, birth date, residence, sex 2/12 (16.7) 
 Name, birth date, race/ethnicity, sex 1/12 (8.3) 
 Name, birth date, residence, race/ethnicity, sex 1/12 (8.3) 
Date through which COVID-19 registry was up-to-date at the time of match  
 10/31/2021 or later 21/26 (80.8) 
 Before 10/31/2021§ 3/26 (11.5) 
 Not reported 2/26 (7.7) 
Legend: TB = tuberculosis; COVID-19 = coronavirus disease 2019. 
* Integrated data system = name-based, person-centric surveillance database across disease conditions. 
† All participants matched using first name, last name, and date of birth; other responses included phone number (2), surveillance system person ID 
(2) and social security number (1) 
‡ Responses included WordCare/SQL (1), other SAS script (1), R (1) 
§ Responses included 1/24/2021, 2/2/2021, and 8/31/2021 
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Appendix Table 2. Adjusted log-binomial association between COVID-19 (exposure) and all-cause death (outcome) among 4,091 persons with TB in 2020 by timing between TB and 
COVID-19 diagnoses, 24 U.S. jurisdictions 

Characteristic 

Time between TB and COVID-19 diagnoses* 
≤30 d (N = 83 TB/COVID-19) ≤90 d (N = 183 TB/COVID-19) ≤180 d (N = 288 TB/COVID-19) 

no. (%) died uPR (95% CI) aPR (95% CI) no. (%) died uPR (95% CI) aPR (95% CI) no. (%) died uPR (95% CI) aPR (95% CI) 
COVID-19 within timeframe 
 No 450 (11.9) Reference Reference 450 (11.9) Reference Reference 450 (11.9) Reference Reference 
 Yes 17 (20.5) 1.7 (1.1‒2.7) 1.2 (0.7‒2.0) 39 (21.3) 1.8 (1.3‒2.4) 1.3 (0.9‒1.9) 48 (16.7) 1.4 (1.1‒1.8) 1.0 (0.8‒1.4) 
Age          
 <45 y 55 (3.3) Reference Reference 55 (3.2) Reference Reference 55 (3.2) Reference Reference 
 45‒64 y 112 (9.6) 2.9 (2.1‒4.0) 2.3 (1.6‒3.4) 118 (9.9) 3.0 (2.2‒4.1) 2.4 (1.7‒3.5) 121 (9.9) 3.1 (2.3‒4.2) 2.6 (1.8‒3.7) 
 65‒74 y 106 (19.5) 5.9 (4.3‒8.0) 4.0 (2.7‒5.9) 111 (19.7) 6.1 (4.4‒8.2) 4.1 (2.8‒6.0) 113 (19.5) 6.1 (4.5‒8.4) 4.2 (2.9‒6.1) 
 75‒84 y 116 (32.5) 9.8 (7.2‒13.2) 6.4 (4.3‒9.4) 124 (33.4) 10.3 (7.6‒13.8) 6.6 (4.5‒9.7) 126 (33.2) 10.4 (7.8‒14.1) 7.3 (5.1‒10.6) 
 ≥85 y 78 (50.3) 15.1 (11.2‒20.5) 7.9 (5.1‒12.1) 81 (51.3) 15.7 (11.6‒21.3) 8.2 (5.4‒12.5) 83 (51.2) 16.1 (12.0‒21.8) 9.0 (6.1‒13.4) 
HIV status          
 Negative 283 (8.7) Reference Reference 298 (8.9) Reference Reference 307 (8.9) Reference Reference 
 Positive 26 (16.5) 1.9 (1.3‒2.7) 2.3 (1.4‒3.8) 26 (16.2) 1.8 (1.3‒2.6) 2.2 (1.3‒3.7) 26 (15.5) 1.7 (1.2‒2.5) 2.1 (1.3‒3.5) 
 Missing/Unknown 158 (35.0) 4.0 (3.4‒4.8) 2.2 (1.7‒2.8) 165 (35.8) 4.0 (3.4‒4.7) 2.2 (1.7‒2.8) 165 (35.3) 4.0 (3.4‒4.7) 2.1 (1.7‒2.7) 
End-stage renal 
disease 

         

 No 403 (10.8) Reference Reference 422 (11.0) Reference Reference 431 (11.0) Reference Reference 
 Yes 64 (48.1) 4.5 (3.7‒5.5) 2.1 (1.5‒2.9) 67 (48.2) 4.4 (3.6‒5.3) 2.1 (1.5‒2.8) 67 (45.6) 4.2 (3.4‒5.1) 1.8 (1.4‒2.5) 
Disseminated TB*          
 No 354 (10.9) Reference Reference 372 (11.2) Reference Reference 381 (11.1) Reference Reference 
 Yes 113 (18.1) 1.7 (1.4‒2.0) 1.5 (1.1‒2.0) 117 (18.2) 1.6 (1.4‒2.0) 1.5 (1.1‒2.0) 117 (17.8) 1.6 (1.3‒1.9) 1.5 (1.1‒1.9) 
Sputum smear status          
 Negative 153 (8.5) Reference Reference 162 (8.8) Reference Reference 166 (8.8) Reference Reference 
 Positive 187 (11.8) 1.4 (1.1‒1.7) 1.5 (1.1‒1.9) 197 (12.1) 1.4 (1.1‒1.7) 1.5 (1.1‒1.9) 202 (12.1) 1.4 (1.1‒1.7) 1.4 (1.1‒1.8) 
 Missing/Unknown† 127 (25.3) 3.0 (2.4‒3.7) 2.4 (1.7‒3.2) 130 (25.3) 2.9 (2.3‒3.5) 2.3 (1.7‒3.1) 130 (24.8) 2.8 (2.3‒3.5) 2.3 (1.8‒3.1) 
Legend: TB = tuberculosis; COVID-19 = coronavirus disease 2019; uPR = unadjusted prevalence ratio; aPR = adjusted prevalence ratio; CI = confidence interval 
NTSS outcomes updated as of September 23, 2022. Five persons with TB/COVID-19 with unknown outcomes status. Puerto Rico and Los Angeles County excluded (remainder of California included) due to 
incompleteness of outcomes data. 
* For persons diagnosed with both TB and COVID-19 
† Disseminated TB = both pulmonary and extrapulmonary sites of disease, positive blood culture for Mtb, meningitis, or miliary pattern on imaging 
‡ Sputum smear status set to unknown for cases with extrapulmonary TB. 
 


