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Abstract

Background.—Hepatitis C virus (HCV) infection causes dysregulation and suppression of
immune pathways involved in the control of tuberculosis (TB) infection. However, data on the
role of chronic hepatitis C as a risk factor for active TB are lacking. We sought to evaluate the
association between HCV infection and the development of active TB.

Methods.—We conducted a cohort study in Georgia among adults tested for HCV antibodies
(January 2015-September 2020) and followed longitudinally for the development of newly
diagnosed active TB. Data were obtained from the Georgian national programs of hepatitis C
and TB. The exposures of interest were untreated and treated HCV infection. A Cox proportional
hazards model was used to calculate adjusted hazard ratios (aHRS).

Results.—A total of 1 828 808 adults were included (median follow-up time: 26 months; IQR:
13-39 months). Active TB was diagnosed in 3163 (0.17%) individuals after a median of 6 months
follow-up (IQR: 1-18 months). The incidence rate per 100 000 person-years was 296 among
persons with untreated HCV infection, 109 among those with treated HCV infection, and 65
among HCV-negative persons. In multivariable analysis, both untreated (aHR = 2.9; 95% CI:
2.4-3.4) and treated (aHR = 1.6; 95% ClI: 1.4-2.0) HCV infections were associated with a higher
hazard of active TB, compared with HCV-negative persons.

Conclusions.—Adults with HCV infection, particularly untreated individuals, were at higher
risk of developing active TB disease. Screening for latent TB infection and active TB disease
should be part of clinical evaluation of people with HCV infection, especially in high-TB-burden
areas.

Keywords
tuberculosis; hepatitis C; cohort

Globally, tuberculosis (TB) has been the leading infectious disease cause of death before the
coronavirus disease 2019 (COVID-19) pandemic. In 2020, an estimated 10 million people
developed active TB disease, and there were 1.5 million deaths due to TB [1]. Additionally,
an estimated 1.7 billion people worldwide are infected with Mycobacterium tuberculosis
(Mth) and are at risk of developing active TB disease during their lifetime [2]. Hepatitis

C virus (HCV) infection is another major global public health problem. According to the
World Health Organization (WHO), 58 million people were living with chronic hepatitis C
in 2019, 1.5 million new cases occur each year, and 290 000 people died due to hepatitis

C in 2019 [3]. The hepatitis C epidemic affects all parts of the world, with the highest
prevalence in the WHQO’s eastern Mediterranean and European regions [4]. There is a
substantial overlap in population subgroups affected by HCV and TB, with injection drug
use a common risk factor for both infections. However, the role of chronic HCV infection in
developing active TB disease is not established.

Risk factors for progression from latent TB infection (LTBI) to active TB disease

include immunocompromising conditions such as human immunodeficiency virus (HIV)
infection, diabetes, smoking, and organ transplantation [5]. HCV infection is associated with
impairment of macrophage activation and T-cell responses—key components for successful
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host response to Mtb [6-8]. However, the role of HCV infection as a risk factor for active
TB disease has not been adequately studied at the population level. Several studies suggest
that those with chronic HCV infection are at higher risk of active TB disease [9-11], but
compelling evidence is lacking due to a small number of longitudinal studies assessing this
association. Due to this knowledge gap, screening for latent infection or active TB disease is
not typically recommended among patients diagnosed with chronic hepatitis C [12, 13].

This study aimed to assess how untreated and treated chronic HCV infection status impacts
the incidence of active TB disease. Our a priori hypothesis was that the incidence of

active TB is highest among those with untreated chronic HCV infection, followed by

those who were treated for chronic HCV infection, and lowest among those never infected
with HCV. A large nationwide hepatitis C elimination program in the country of Georgia
provides a unique opportunity to estimate population-level active TB incidence rates among
individuals with hepatitis C infection. Demonstrating an association between HCV infection
and increased risk of active TB disease would provide initial evidence for routine screening
for TB among persons with HCV infection in line with the WHO-initiated End TB Strategy,
which calls for integrated, patient-centered care and systematic screening of contacts and
high-risk groups [14].

METHODS

Setting

The eastern European country of Georgia (population 3.7 million) is a WHO high-priority
country for TB prevention and care in the European region [15] (TB incidence: 70 cases

per 100 000 in 2020) [1]. All diagnostic and treatment services for active TB disease are
provided free of charge within the Georgian National TB Program. Tuberculosis surveillance
data are collected in a centralized National TB Program database at the National Center

for Tuberculosis and Lung Diseases [16]. During the study period, the LTBI testing and
treatment were only offered to high-risk groups, such as children younger than 5 years and
people living with HIV. Persons with HCV infection or other population not representing
high-risk groups are usually not offered LTBI treatment [17].

Chronic HCV infection is also highly prevalent in Georgia, affecting 5.4% of the general
adult population (~150 000 individuals) in 2015, making it among the 10 countries with

the highest prevalence worldwide [18, 19]. In 2015, with support from the US Centers for
Disease Control and Prevention (CDC) and other international partners, Georgia became the
first country to formally implement a nationwide program to eliminate hepatitis C [20]. The
program provides free hepatitis C testing and treatment with direct-acting antivirals (DAAS)
for all citizens [21, 22]. The country integrated screening through HCV antibody testing
into multiple settings, such as blood safety, antenatal surveillance, harm reduction, inpatient
settings, prisons, and national HIV and TB programs [21, 23-26]. All hepatitis C screening
and clinical data are entered into nationwide databases.

Clin Infect Dis. Author manuscript; available in PMC 2024 January 13.
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Study Design and Population

We conducted a cohort study among adult residents of Georgia tested for HCV antibodies.
The study period was 1 January 2015-30 September 2020. Exclusion criteria were as
follows: (1) missing national ID number in HCV testing data, (2) missing or conflicting
dates necessary for incidence calculations (dates of HCV antibody testing, death, or hepatitis
C treatment completion), and (3) known diagnosis of active TB disease before or at the time
of the first HCV antibody testing. People who had a conversion of HCV antibody testing
results (n = 17 323) or those with positive HCV antibody results with negative or missing
viremia testing (n = 33 128) were retained in descriptive analysis and incidence calculations
but excluded from the multivariable models (Figure 1).

Data Sources

Hepatitis C testing and treatment information was obtained from 2 nationwide electronic
databases: the National HCV Screening Registry and Hepatitis C Elimination Program
database (ElimC) [23]. The outcome (diagnosis of active TB disease) was ascertained from
the national TB surveillance database. Mortality data were extracted from the national death
registry; date of death was obtained, but causes of death were not available. The linking
variable was the national ID number—a unique identifier used in all databases.

Variables and Definitions

The baseline date was defined as the date of the first known HCV antibody testing. If

a person tested during the study period also had a testing record from before 2015 with

the same result, the baseline date was set as 1 January 2015. Chronic HCV infection was
defined as a positive HCV antibody test followed by a positive viremia test (HCV RNA or
core antigen). We assumed that the proportion of viremia-positive cases that spontaneously
clear the infection is negligible since the majority of individuals in our sample were likely
chronically infected, whereas spontaneous clearance typically occurs within months of
initial infection [27].

Persons with chronic HCV infection were further defined as treated for hepatitis C if they
finished a treatment course within the hepatitis C elimination program, regardless of whether
their sustained virologic response (SVR) testing was performed; all other individuals

were categorized as untreated HCV. If a person had more than 1 episode of hepatitis C
treatment (ie, reinfection or re-treatment after treatment failure), the treatment completion
determination was based on the latest hepatitis C treatment.

Persons were defined as having active TB disease if they had clinical or laboratory-
confirmed TB diagnosed within the National TB Program between the baseline date and
30 September 2020, without a history of previous active TB diagnosis.

Statistical Analysis

Unadjusted incidence rates of active TB disease were calculated in 5 groups with different
HCV infection status: (1) no evidence of HCV infection (negative result on HCV antibody
test); (2) treated HCV infection, irrespective of SVR status; (3) untreated HCV infection;
(4) unknown infection status (positive HCV antibodies without viremia testing); and (5)
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spontaneously cleared infection (positive HCV antibodies and negative viremia result,
without documented treatment). Person-time was calculated as the number of days from
the baseline to (1) first active TB diagnosis, (2) death, or (3) end of the study period (30
September 2020). Crude incidence rate ratios and 95% confidence intervals (Cls) were
calculated for each of the 5 HCV status groups, with the no-evidence-of-HCV-infection
group serving as the reference.

Multivariable analysis was performed using Cox proportional hazards regression. The model
used age as the time scale and was stratified by birth cohort (5-year intervals) to adjust

for the birth cohort effects. The primary exposure of interest was the status of HCV
infection with 3 categories: (1) untreated HCV infection, (2) treated HCV infection, and (3)
absence of HCV infection (reference category). The primary outcome of interest was newly
diagnosed active TB disease. Hepatitis C treatment was included as a time-varying variable:
treated individuals contributed follow-up time to the untreated group until completing the
hepatitis C treatment, at which point they moved to the treated group. Additional variables
were included in the model (sex, age, imprisonment, and municipality as a proxy for
socioeconomic status) based on directed acyclic graph theory (Supplementary Figure 1)
[28].

Because a substantial proportion of persons had positive HCV antibodies but did not
undergo viremia testing (n = 21 277; 18% of all HCV antibody-positive individuals), we
conducted inverse probability of selection weighting to address the potential for selection
bias. Study participants with viremia testing were reweighted so that they represented
themselves, plus some of the persons in the source population who were eligible but

not included in the final analysis (ie, tested for HCV antibodies but not for viremia).

The weights were derived based on age, sex, municipality, and imprisonment status; and
multivariable analyses with Cox models were repeated using these weights.

Sensitivity Analysis

Ethics

We conducted sensitivity analyses to explore how the findings might have changed using
different assumptions and definitions. We ran 3 additional multivariable models, each with
several modifications. The first sensitivity analysis model repeated the multivariable analysis
using the date of the first hepatitis C treatment initiation as a switching point between treated
and untreated states among patients who received hepatitis C treatment. The second model
excluded patients treated for hepatitis C infection who were tested for SVR and found not to
have achieved cure. The third model excluded patients treated for hepatitis C who either did
not achieve SVR or did not get tested for SVR. Additionally, we conducted a quantitative
bias analysis for unmeasured confounding due to injection drug use (IDU) and calculated the
E-value for other unmeasured confounders [29-31] (Supplementary Material).

The study was approved by the institutional review boards (IRBs) at the National Center
for Disease Control and Public Health of Georgia, the National Center for Tuberculosis and
Lung Disease of Georgia, and Emory University.
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RESULTS

Description of the Study Population

The initial study population consisted of 1 849 678 adults tested for HCV antibodies during
the study period—65% of the total adult population of Georgia. We excluded 12 156

(0.7%) persons with previous or current active TB at the time of HCV antibody testing

and 8714 (0.5%) persons with missing or incorrect date variables necessary for calculating
person-times. The remaining 1 828 808 people were included in the initial descriptive
analyses and incidence calculations (Figure 1). Forty-five percent were male, and the median
age was 46 (inter-quartile range [IQR]: 31-62) years. Most people were tested for HCV
antibodies in an outpatient setting (54%), inpatient setting (13%), or at a blood bank (10%)
(Table 1). The median follow-up time was 26 months (IQR: 13-39 months), with a total of
4 212 327 person-years (PYs) of follow-up. People who had a conversion of HCV antibody
results (n = 17 323) or those with positive HCV antibody results with negative or missing
viremia testing (n = 33 128) were retained in descriptive analysis but excluded from the
primary multivariable models (Figure 1), which focused on the 1 778 357 individuals within
3 main comparison groups. At baseline, there was a higher proportion of males in both
untreated and treated hepatitis groups (1.6% and 5.3%, respectively) compared with females
(0.4% and 1.2%, respectively). The proportion of people never infected with HCV increased
by year from 81% in 2015 to 98% in 2020 (Supplementary Table 1).

Active Tuberculosis by HCV Infection Status

Among our analytic cohort of 1 828 808 individuals, there were 3163 (0.17%) individuals
newly diagnosed with active TB after a median of 6 months (IQR: 1-18 months); this
equated to an active TB incidence rate of 75.1 per 100 000 PY's (Table 1). The un-adjusted
incidence of newly diagnosed active TB among people with untreated HCV infection (296
cases per 100 000 PYs; 95% ClI: 264-331 cases) was more than 4 times higher than the
incidence in those never infected with HCV (65 cases per 100 000 PYs; 95% CI: 62-68
cases) (Table 2). The incidence of active TB in people with treated HCV was 1.7-times
higher (109.1 cases per 100 000 PYs: 95% Cl: 93.1-127.1 cases) than in those without
HCYV, suggesting that chronic and ongoing HCV infection plays a key role in the increased
risk of active TB disease diagnosis. In fact, if we restrict our analysis to patients treated
for HCV who had documented HCV cure, the incidence was further reduced to 1.5-times
greater (99.1 cases per 100 000 PYs; 95% CI: 81.9-118.9 cases) than those who never had
HCV infection. Similarly, individuals who had a positive HCV antibody test but a negative
viremia test in the absence of documented treatment—those who likely spontaneously
cleared the HCV infection—had an active TB incidence of 2.2-times greater (141 cases
per 100 000 PYs; incidence rate ratio: 2.1) (Table 2).

In the multivariable analysis comparing the 3 main groups of people with known HCV
status (untreated HCV infection, treated HCV, and never infected), those with untreated
HCV infection remained at the greatest rate for active TB disease (adjusted hazard ratio
[aHR] = 2.9; 95% CI: 2.4-3.4) compared with persons never infected with HCV (Table 3).
Individuals with HCV who were treated also had an increased rate of active TB (aHR = 1.7;
95% CI: 1.4-2.0), although it was less than those with untreated HCV.

Clin Infect Dis. Author manuscript; available in PMC 2024 January 13.
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The precise aHRs of our findings changed only slightly in the sensitivity analysis models
(Table 3). The aHRs for the untreated HCV group compared with the no-HCV group
remained 2.9-3.0 in all sensitivity analyses. Even though the definition of the HCV-treated
group changed in each sensitivity analysis, treated HCV consistently had a substantially
lower hazard of active TB diagnosis than those with untreated HCVV—with the greatest
reduction in hazard seen in the most conservative definition of the treated group, where we
included only patients with documented SVR (ie, sensitivity analysis 3: aHR = 1.5; 95%
Cl: 1.2-1.9) (Table 3). After quantitative bias-adjustment for IDU, we observed a shift of
estimated measures of association towards the null association for both treated and untreated
groups. Still, both groups remained associated with the active TB disease (Supplementary
Table 2).

DISCUSSION

In this study, we assessed the impact of chronic HCV infection on the risk of developing
active TB disease. We linked population-level information that measured HCV infection and
active TB disease from the country of Georgia, where an unprecedented nationwide HCV
elimination program is taking place. We evaluated a cohort of more than 1.8 million people,
the largest cohort study to date evaluating the relationship between HCV and active TB
disease. We found that the incidence of active TB was higher in all groups with hepatitis

C exposure and infection. The highest incidence occurred among people with untreated
chronic hepatitis C infection, who had nearly 3 times the increased risk of developing active
TB; this association remained in all sensitivity analyses and after bias-adjusting for IDU

as an unmeasured confounder. The incidence of active TB diminished substantially with
treatment of hepatitis C and was attenuated further in sensitivity analyses restricted to those
with documented HCV cure and bias adjustment for IDU. These findings suggest that the
increased risk of active TB disease is associated with active HCV infection itself and not by
its sequelae or other unmeasured factors.

Our findings suggesting an association between chronic HCV infection and development

of active TB are supported by prior studies and have biological plausibility. Our results

are consistent with a study from Taiwan that reported an association between hepatitis

C and active TB (aHR = 3.2; 95% ClI: 1.85-5.53). However, the study from Taiwan did

not distinguish between treated and untreated hepatitis C [9]. Although our study was not
designed to demonstrate a causal relationship between HCV and active TB disease, such

a causal association is biologically plausible. HCV can impact a host’s immune system,
increasing the risk of active TB disease immediately after initial exposure to Mtb, as well as
by increasing the risk of reactivation from LTBI to active TB disease.

A recent study showed that patients with both active TB and hepatitis C had lower
expression of markers of CD4 T-cell activation compared with patients with only TB or
hepatitis C [7]. There are several hypothesized immunologic mechanisms by which HCV
infection might increase the risk of TB: (1) chronic HCV infection reduces the production
and concentration of cytokines (eg, interferon-gamma [IFN-y] and tumor necrosis factor
alpha [TNF-a]) involved in the activation of macrophages, which are essential for effective
control of Mtb infection [8]; (2) HCV infection increases the level of inhibitory cytokines,

Clin Infect Dis. Author manuscript; available in PMC 2024 January 13.
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such as interleukin (IL)-10, which inhibit cytokines required for an effective response to
Mitbincluding IL-12, IFN-v, and TNF-a [32]; (3) HCV infection also affects natural killer
(NK) cells by reducing their direct cytotoxic activity against bacteria and their capability

of producing cytokines involved in immune pathways against Mtb infection (NK cells

are increasingly recognized as important actors in the immune response against Mitb [33,
34]); and (4) viral persistence during chronic hepatitis C can cause the development of
functionally inferior T cells—a condition referred to as T-cell exhaustion [35, 36]. This
condition affects the ability of CD8 T cells to produce and release adequate amounts of
inflammatory mediators, including IFN-y and perforin, thus impairing the direct destruction
of Mitb [6].

A noteworthy finding of our study is that the risk of TB disease is greatest among
individuals with chronic HCV who have not been treated for HCV; the TB risk diminishes
among those treated for HCV, suggesting that ongoing HCV infection plays a role in the
TB risk. Immunologic studies in patients after DAA treatment show conflicting results.
Some studies suggest partial improvement in immune functions after SVR, while others did
not demonstrate any reconstitution in CD8 T-cell function and IFN-y production [37]. Our
findings support the hypothesis that there is improvement in immune functions responsible
for Mtb control among patients treated for HCV, suggesting the indirect benefit of HCV
treatment on the risk of TB disease.

Our study suggests that people with hepatitis C should be considered for inclusion as a
priority group for TB prevention and care efforts. This would have at least 2 important
implications for TB programs. First, patients with hepatitis C should be considered for
preventive measures, such as LTBI treatment. LTBI testing or treatment is currently not
prioritized for patients with HCV infection globally due to fears of hepatotoxic activity of
medications used for LTBI treatment. However, there are newer LTBI treatment regimens
with potentially lower hepatotoxic effect. These data may catalyze a change in practice. A
logical next step could be a small-scale feasibility study assessing the safety and tolerability
of LTBI treatment among patients with HCV infection. Second, the integration of active TB
screening measures for patients diagnosed with hepatitis C could increase TB case detection.
Diagnostic and treatment delays are impediments to TB prevention and care globally [38,
39]. Identifying an additional risk group that could benefit from the routine screening will
help in the timely diagnosis and prevention of active TB and would thus contribute to
decreasing the overall TB incidence.

Our study had several limitations. First, our data did not include some variables that can
confound the associations between HCV and active TB, such as IDU, socioeconomic status,
HIV infection, alcohol use, and history of incarceration. We adjusted for municipality as

a proxy variable for socioeconomic status and used quantitative bias-analysis methods to
adjust for IDU as a confounder. Inability to adjust for HIV infection likely did not affect our
findings meaningfully because HIV prevalence is low in Georgia, and it is not a substantial
contributing factor for TB cases overall or among people with HIVV/HCV coinfection [1,

40, 41]. Additionally, our sensitivity analysis for unmeasured confounders suggests that any
unmeasured confounder will need to be associated with more than 5-times higher risk of
both exposure and outcome to fully explain our observed association between untreated

Clin Infect Dis. Author manuscript; available in PMC 2024 January 13.
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hepatitis C and active TB (Supplementary Material). Second, if people diagnosed with
HCV infection are more likely to undergo TB diagnostic assessment, it is possible that the
association of untreated and treated HCV infection with active TB disease is overestimated.
Last, our study did not capture individuals who have not been screened for hepatitis C.
Nonetheless, our study population captures 65% of the adult population of the country,

and the TB incidence found in the study (75.1 per 100 000 PY's) is comparable to the TB
incidence among the general Georgian population (70 per 100 000 PY's in 2020).

In conclusion, in this large population-based cohort study involving 1.8 million adults, we
found a strong association between untreated hepatitis C and the diagnosis of active TB.
Our findings highlight the importance of timely and accessible hepatitis C treatment, which
might provide collateral benefit by decreasing the risk of TB, in addition to being highly
effective against the HCV infection itself. Screening for active TB disease and treatment
for LTBI among people with HCV infection might reduce TB incidence and improve early
detection of active TB disease, which are priorities of the WHO’s End TB strategies.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1.
Flow chart of study population: persons tested for HCV antibodies, 1 January 2015-30

September 2020. Abbreviations: anti-HCV, hepatitis C virus antibody; HCV, hepatitis C
virus; TB, tuberculosis.
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