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More than 70% of the global XDR-TB burden
MDR-TB treatment success rate — 59% (2017)

-« XDR-TB treatment success rate — 39.1%
(2018)

Global TB Report, 2020. World Health Organization.
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Grouping of Drugs for Longer MDR-TB Treatment

Regimens
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Group A
Priority drugs

Group B
Added to priority drugs

Group C

Agents are added when
a regimen can not be
composed of Group A
and B drugs
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Levofloxacin (Lfx) OR Moxifloxacin (Mfx) Lfx / Mfx
Bedaquiline Bdq
Linezolid Lzd
Clofazimine Cfz
Cycloserine Cs
Ethambutol E
Delamanid DIm
Pyrazinamide Z
Imipenem-cilastatin OR Meropenem Imi-cln / Mpn
Amikacin (OR Streptomycin) Am (S)
Ethionamide OR Prothionamide Eto / Pto
p-aminosalicilic acid PAS
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ABSTRACT

BACKGROUND: Infection with Hepatiis C Viens (HCT)
increases the hepatotoxicity of anfi-tuberculosis drugs. The
purpose of this systematic review and meta-analysis s to determine
the prevalence of HCV infection in patients with tuberculosis
(IB).

METHODS: PubMed MEDLINE, ISI'Web of Sciences, CINAHL,
EMBASE, the Cochrane Library and Scopus were searched from
January 2000 to March 2018, The overall prevalence of HCV in
patients with IE was calenlated using the random-effect madel
with 95% confidence interval (CI). To evaluate heterogeneity, I’
test was used. Egger's regression test was ufilized to check
publication bias.

RESULIS: Twenty-one articles were selected for the final analysis
based on the inclusion/exclusion criteria. A total of 15,542 pafients

with IB participated in the studies. The overall prevalence of HCV

infection in patients with IB was 7% [95%CI: 6-9]. Subgroup
analysis revealed that diagnestic test (P=0.0039), geagraphical
background (P=0.0076) and gender distribution (P=0.0672) were
stafistically significant moderators. Men Ttad a higher risk for
HCV than women (Qdds Rafio, OR=2.02; 95%CI: 1.28-3.18).
CONCLUSION: The results of this study highlighted the
importance of screening HCV in IB patients. Knowing whether
HCV is present or not in these patients can be helpful in effectively
treating thent

KEYWORDS: Prevalence, hepatitis C +irns, tubereulosis,
systematic review, meta-analysis

*Ethiop J Health Sci. 2019 Jan: 29(1) 945-956
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HCV Prevalence in TB Patients*

A total of 15,542 TB patients were included in the review of 21
studies in 4 WHO geographical regions: EURO, SEARO, AMRO
and AFRO.

The prevalence of HCV ranged from 2 to 27%, with a cumulative
prevalence of 7% [95%CI: 6-9].

HCV screening among TB patients is very important. Information
about HCV infection can contribute to effective treatment outcome.

Urgent measures are needed to improve the knowledge and roll
out screening of people at risk for HCV and TB.



HCV Prevalence in TB Patients
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First author Prevalence No. of participants
Richards 2006 Georgia 35 ELISA 22% 272
Kuniholm 2008 Georgia NA ELISA 12.00% 300
Pando 2008  Argentina 34.8+14.1 ELISA 11.80% 187
Khalili 2009 Iran 3.21+18.27 ELISA 27.45% 102
Khan 2010 UK NA ELISA 2.00% 245
Chien 2010 Taiwan NA ELISA 10% 295
Wang 2011 Taiwan NA PCR 6.70% 360
Reis 2011 Brazil NA ELISA 7.50% 402
Badawy 2011 Egypt NA ELISA 6.40% 135
| Lomtadze 2013 Georgia 21-92 ELISA 21% 326 |
Akhtar 2013 Pakistan 42+18.2 ELISA 9.10% 110
Beasley 2013 UK NA ELISA NA 192
Zhang 2013 China NA ELISA 3.80% 2296
Potter 2014 UK 37.7£15.3 ELISA 2.00% 302
Campo 2014 USA NA ELISA 3.60% 1421
Agha 2015 Egypt NA PCR 17.02% 94
Ahmadi Nooredinvand 2015 UK NA ELISA 1.60% 429
Abdallah 2015 Sudan 36.03£13.3 ELISA 1% 98
Bushnell 201+5 USA NA ELISA 4.20% 7624
Merza 2016 Iraq 40.34+20.29 ELISA 0.90% 214
Costi 2017 Brazil 38.0+£129 PCR 20% 138

18/05/2023 | Tuberculosis and hepatitis C virus



THE AMERICAN JOURNAL OF GASTROENTEROLOGY
© 2003 by Am. Coll. of Gastroenterology
Published by Elsevier Science Inc.

Vol. 98, No. 1, 2003
ISSN 0002-9270/03/530.00
PII SODO2-9270002)05844-6

(7Y World Health
&Y Organization

——

Association Between Hepatitis C Infection and
Other Infectious Diseases: A Case for Target °
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OBSERVATIONAL STUDY

Screening?

Hashem B. El-Serag, M.D., M.P.H., Bhupinderjit Anand, M.D., Peter Richardson, Ph
Linda Rabeneck, M.D., M.P.H.

Sections of Gastroenterology and Health Services Research at The Houston Veterans
and the Department of Medicine at Baylor College of Medicine, Houston, Texas

Abstract: Tuberculosis (TB) and hepatitis C virus (HCV) infection
contribute to major disease mortality and morbidity worldwide. However,
the causal link between HCV infection and TB risk remains unclear. We
conducted a population-based cohort study to elucidate the association
between HCV infection and TB disease by analyzing Taiwan National
Health Insurance Database. We enrolled 5454 persons with HCV infec-
tion and 54274 age- and sex-matched non-HCV-infected persons
between January 1998 and December 2007. Time-dependent Cox pro-
portional hazards regression analysis was used to measure the association
between HCV infection and active TB disease. Incidence rate of active TB
disease was higher among HCV infection than in control (134.1 vs 89.1
per 100,000 person-years; incidence rate ratio 1.51; P=0.014). HCV
infection was significantly associated with active TB disease in multi-
variate Cox regression (adjusted hazard ratio [HR] 3.20; 95% confidence
interval [CI], 1.85-5.53; P <0.001) and competing death risk event
analysis (adjusted HR 2.11; 95% CI, 1.39--3.20; P < 0.001). Multivariate
stratified analysis further revealed that HCV infection was arisk ofactive
TB disease in most strata. This nationwide cohort study suggests that HCV
infection is associated with a higher risk of developing active TB disease.

(Medicine 94(33):¢1328)

Abbreviations: CI = confidence interval, CKD = chronic kidney
disease, COPD = chronic obstructive pulmonary disease, DM =
diabetes mellitus, HBV = hepatitis B virus, HCV = hepatitis C
virus, HIV = human immunodeficiency virus, ICD-9 =
International Classification of Diseases, 9th Revision, IRR =
incidence rate ratio, LHID = Longitudinal Health Insurance
Database. NHI = National Health Insurance, NHIRD = National
Health Insurance Research Database, TB = tberculosis.
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Hepatitis C Virus Infection Is Associated With an Increased
Risk of Active Tuberculosis Disease

A Nationwide Population-Based Study

Ping-Hsun Wu, MD, Yi-Ting Lin, MD, Kun-Pin Hsieh, PhD, Hung-Yi Chuang, PhD, and Chau-Chyun Sheu, MD

INTRODUCTION

uberculosis (TB), an infectious discase caused by Myco-
bacterium tuberculosis, is the most prevalent infectious
¢ and the major leading cause of death worldwide,
specially m developing countries. According to the Global
Tuberculosis Report by World Health Organization, there were
an estimated 8.6 million incident cases of TB and approximately
1.3 million people died of TB in 2012." It is endemic in south-
castern Asia, as well as Taiwan. An epidemiological study
declared the incidence of active TB disease in Taiwan was
74 per 100,000 person-years.

TB isconsidered as an immunodeficiency-related infection.
Ourrecent work demonstrated that liver cirthosis was associated
with increased risk of active TB disease.” Liver cirrhosis, and
subsequent complications of both hepatitis B virus (HBV) and
hepatitis C virus (HCV) infections are major health problems in
Taiwan.! However, a comprehensive evaluation from HCV
patients without cirrhosis remains unavailable. HCV infection
is one of the contributing factors for developing TB infection is
our hypothesis. Previous observation study showed that HCV
infection and TB share the same high risks population, especially
in homeless people,” prisoners,® and human immunodeficiency
virus (HIV) p:.ilicnlx.T Furthermore, one case-control study using
the US Veterans data demonstrated that HCV infection is associ-
ated with TB disease.® However, results from this hospital-based,
case-control study cannot be extended to the general population.
In order to fill this knowledge gap, this nationwide cohort study
analyzed healthcare data to clarify theassociation between HCV
and active TB discase using large-scale data from the Taiwan
National Health Insurance (NHI).




Table 1. Comparison Between HCV-Infected Patients (Cases) and Controls Without HCV Among Hospitalized Veterans (1992-1999)

y World Health

Cases Controls Unadjusted Odds Y Organization
(n = 34,204) (n = 136816) Ratio (95% CI) p Europe
Demographic features
Age (mean * SD) 484 =93 598 *134 <20.0001
Ethnicity (Caucasian) 21,039(61.5) 100,526 (73.5) 0.6 (0.5-0.6) <0.0001
Gender (men) 33,576 (98.2) 132,713 (97.0) 1.7(1.5-1.8) <0.0001
Period of service (Vietnam) 23,294 (68.1) 45210 (33.0) 43(4.2-4.4) <0.0001
Blood-borne viral infections
Human immunodeficiency virus 4,832 (14.1) 4,090 (3.0) 5.3(5.1-5.6) <0.0001
Hepatitits B 7,665 (22.4) 985 (0.7) 39.8 (37.2242.62) <0.0001
Hepatitits D 570(1.7) 45 (0.03) 51.5 (38.0-69.8) =0.0001
Infections related to immunodeficiency
Toxoplasmosis 88(0.3) 79 (0.06) 4.5(3.3-6.1) <0.0001
Cytomegalovirus 194 (0.6) 213(0.2) 3.7(3.0-4.5) <0.0001
Cryptococcosis 121 (0.4) 119 (0.1) 4,1(3.2-5.3) <0.0001
Pneumocystosis 513(1.5) 530 (04) 39(3.544) =20.0001
Kaposi sarcoma 93 {0.3) 150 (0.1) 25(1.9-3.2) =20.0001
Candida 1382 (4.0) 2407 (1.8) 24(2.2-2.5) <0.0001

Herpes simplex (excluding genital) 449 (1.3) 862 (0.6) 2.1(1.9-2.4) <0.0001

Peritonitis 1325(3.9) 1,067 (0.8) 5.13(4.7-5.6) <0.0001

Sepsis 2,289 (6.7) 6,575 (4.8) 142 (1.4-1.5) <0.0001
Endocarditis 811(24) 2052 (1.5) 1.60(1.5-1.7) <0.0001
Cellulitis 5966 (17.44) 16,394 (12.0) 1.55(1.5-1.6) <0.0001
Carbuncles 1,172 (3.43) 3301(24) 144 (1.3-1.5) <0.0001
Sexually transmitted diseases
Gonococcus 155 (0.5) 179 (0.1) 347(2.8-4.3) <0.0001
Viral warts 1259 (3.7) 3037(2.2) 1.68 (1.6-1.8) <0.0001
Chlamydia 544 (1.6) 1011 (0.7) 2.17(2.0-2.4) <0.0001
Syphilis 687 (2.0) 755 (0.6) 3.69(3.3-4.1) <0.0001
Gential herpes 354 (1.0) 408 (0.3) 3.50(3.0-4.0) <0.0001
Trichomoniasis 106 (0.3) 211 (0.2) 201(1.6-2.5) <0.0001
Molluscum 45 (0.1) 82 (0.1) 220(1.5-3.2) <0.0001

Values are n (%) unless otherwise noted.
18/05/2023 |
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Hepatitis C virus infection increases hepatitis risk during

anti-tuberculosis treatment

J-Y. Chien,*t* R-M. Huang,* J-Y. Wang,* S-Y. Ruan,t Y-J. Chien,* C-J. Yu,* P-C. Yang?*

*Chest Hospital, Department of Health, Executive Yuan, Rende Township, Tainan County, tDepartment of Internal
Medicine, National Taiwan University Hospital Yun-Lin Branch, Douliu, Yun-Lin County, *Department of Internal

Medicine, National Taiwan University Hospital, Taipei, Taiwan

SUMMARY

OBJECTIVE: To study the impact of hepatitis B virus
(HBV) and hepatitis C virus (HCV) co-infection on clin-
ically significant transaminase elevation during short-
course anti-tuberculosis treatment.

DESIGN: Retrospective observation study.

RESULTS: During standard anti-tuberculosis treatment
of 295 patients with active pulmonary tuberculosis (TB)
and normal baseline liver biochemical tests, 25 (8.5 %) de-
veloped hepatitis and had a significantly higher mortality
rate (32% vs. 7%, OR 6.22,95%CI 2.0-17.6, P = 0.001).
Multivariate analysis showed that HCV co-infected in-

dividuals were more likely to develop transaminase ele-
vations (OR 3.43, 95%CI 1.14-10.35, P = 0.03) than

L SN PR B 7 anl T AP N o S IR U SR R
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40.4 vs. 13.5

+ 8.6 days, P = 0.01). Co-infection with

HBYV was not associated with a higher rate of hepati-
tis but was associated with later onset (102 = 68.7 vs.
37.0 £ 31.9 days, P = 0.01), higher peak alanine amino-
transferase level and slower recovery (55.5 £ 62.9 vs.
15.4 = 10.8 days, P = 0.01).

CONCLUSION: Even with normal baseline liver bio-

Conclusion: Even with normal baseline liver biochemical
tests, HCV co-infection is associated with a higher incidence
and longer exacerbation of drug-induced hepatitis during

anti-TB therapy. We suggest that screening for HCV infection
before starting anti-TB treatment is helpful in planning the
frequency of treatment monitoring.
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Table 2: Factors associated with the development of drug-induced

hepatitis during TB treatment

No hepatitis Hepatitis

(n = 270) (n = 25)

n (%) or n (%) or
Characteristic mean * SD mean = SD  Pvalue
Age, years 64 = 20 68 = 17 0.35
Male 175 (65) 17 (68) 0.83
Baseline AST, IU/l 21.8 = 6.6 224 +6.2 0.67
Baseline ALT, U/ 15.8 + 8.1 140+ 75 0.30
Baseline bilirubin, mg/dl  0.55 £ 0.30 0.45 = 0.21 0.12

(&) 22 (R) 3(12) 0

HCV (+) 18 (7) 7 (28) 0.006 I
INH+EMB+RMP+PZA 260 (96) 24 (96) 1.00
INH+EMB+RMP 10 (4) 1(4) 1.00
Mortality 19 (7) 8 (32) 0.001

SD = standard deviation; AST = aspartate aminotransferase; ALT = alanine
aminotransferase; IU = international unit; HBV(+) = hepatitis B virus co-
infection; HCV(+) = hepatitis C virus co-infection; INH = isoniazid; EMB =
ethambutol; RMP = rifampicin; PZA = pyrazinamide.

18/05/2023 | Tuberculosis and hepatitis C virus
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Is 6 months of bedaquiline enough? Results from the
compassionate use of bedaquiline in Armenia and Georgia

C. Hewison,* M. Bastard,' N. Khachatryan,* T. Kotrikadze,5 A. Hayrapetyan,T Z. Avaliani,* N. Kiria,*
L. Yegiazaryan,T N. Chumburidze,’ O. Kirakosyan,* H. Atshemyan,* S. Qayyum,*** N. Lachenal,'*

F. Varaine,* H. Huerga'

*Médecins Sans Frontiéres (MSF), Paris, TEpicentre, Paris, France; *MSF, Yerevan, Armenia; $MSF, Thilisi, Georgia;
INational Tuberculosis Control Centre, Yerevan, Armenia; *National Centre for Tuberculosis and Lung Disease,
Thilisi, Georgia; **Migration Health Department, International Organization for Migration, Amman, Jordan; TTMSF,

Geneva, Switzerland

SUMMARY

BACKGROUND AND SETTING: Bedaquiline (BDQ)
was initially only available through compassionate use
programmes.

OBJECTIVE: To assess the effectiveness and safety of
multidrug-resistant tuberculosis (MDR-TB) treatment
containing BDQ).

METHOD: Retrospective analysis of data from patients
receiving BDQ) through compassionate use in Armenia
and Georgia from April 2013 to April 2015. Logistic
regression was used to assess the risk factors associated
with unsuccessful treatment outcomes.

RESULTS: Of 82 patients included, 84.2% (69/82) had
fluoroquinolone-resistant MDR-TB and 43.4% (23/53)
were seropositive for the hepatitis C virus (HCV). The
culture conversion rate was 84.4% (54/64), and 18.5%
(10/54) reverted back to positive. In total, 79.3% (65/
82) of the patients reported at least one adverse event.

Serious adverse events were reported in 14 patients, with
10/14 patients experiencing fatal outcomes—6/10
related to advanu,d TB and 2/10 assessed as possibly
relate ; ;

e o foolloaane.

treatment success, 12.2% dcaths, 7.3% failures
9% lost to follow-up. HCV coinfection was

58.59
and
associfted with unsuccessful outcomes (adjusted OR

4.45, TS CT T 210,13,

CONcCLUSION: BDQ through compassionate use
showed relatively good success rates and safety profiles
in a cohort with difficult-to-treat MDR-TB. High rates
of reversion may indicate that >24 weeks of BDQ is

o

necessary in some cases. HCV coinfection should be
diagnosed and treatment considered in MDR-TB
patients.

KEY WORDS: MDR-TB; treatment; new anti-tubercu-
losis drugs; duration; hepatitis C
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Table 2: Risk Factors for Unfavorable Treatment "

7 World Health

Outcomes Among Patients Receiving Bedaquiline at R rganizaton
Treatment Start (n = 82)

Table 2 Risk factors for unfavourable treatment outcomes among patients receiving BDQ at
treatment start (n = 82)

Characteristics OR (95%Cl) P value aOR (95%Cl) P value
Male sex 1.34 (0.40-4.42) 0.632
Age = 35 years 2.16 (0.83-5.60) 0.113
Former prison inmate 2.73 (0.97-7.68) 0.057
Contact of an MDR-TB case 1.12 (0.37-3.38) 0.836
BMI < 18.5 kg/m? 2.13 (0.84-5.56) 0.112
Cavities on CXR 8.68 (1.05-71.48) 0.044
Bilateral disease on CXR 3.26(1.19-8.93) 0.021

_ 13201210 22) N JEA

Hepatitis C antibody-positive 4.27 (1.31-19.92) 0.016 4.45 (1.23-16.13) 0.023 I
Smear positive at treatment start 3.53(1.33-9.36 0.011 2.59 (0.88-7.57 0.083

XDR-TB strain at treatment start 0.89 (0.37-2.14) 0.793
Previous use of CFZ 0.95 (0.38-2.33) 0.902
CFZ at BDQ initiation 1.34 (0.41-4.42) 0.632
Imipenem at BDQ initiation 1.43 (0.504.08) 0.501

BDQ = bedaquiline; OR = odds ratio; Cl = confidence interval; aOR = adjusted OR; MDR-TB = multidrug-resistant
tuberculosis; BMI = body mass index; HIV = human immunodeficiency virus; CXR = chest X-ray; XDR-TB = extensively
drug-resistant TB; CFZ = clofazimine.

18/05/2023 | Tuberculosis and hepatitis C virus
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Serious Adverse Events (SAE in patients on longer MDR-TB treatment regimens)

Absolute Risk of AE

Median % 95% Bayesian ClI
24 0.7, 7.6]
29 [1.4,5.6]
3,0 1,558
36 1.3, 8,6]
40 2.4, 68
41 1.9, 8.8
45 2.3, 8.8
78 5.8, 109
8,4 5.7, 12.2]
8,8 5.6, 13,2
95 (6.5, 14,5]
103 6.6, 1701
108 [7.2,16,1]
143 [10,1,20,7]
14,6 [4.9, 37,6
172 10,1, 27,0]
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Drug-Induced Liver Toxicity (DILI)
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Musso et al. BMC Infectious Diseases (2019) 19:882

https://doi.org/10.1186/512879-019-4494-1 BMC Infectlous Dlseases

CASE REPORT Open Access

Hepatitis C virus infection: a challenge in
the complex management of two cases of "
multidrug-resistant tuberculosis

Maria Musso', Silvia Mosti", Gina Gualano', Paola Mencarini', Rocco Urso', Piero Ghirga', Alessia Rianda’,
Franca Del Nonno®, Delia Goletti* and Fabrizio Palmieri'

Abstract

Background: Multidrug-resistant tuberculosis (MDR-TB) requires lengthy use of second-line drugs, burdened by
many side effects. Hepatitis C virus (HCV) chronic infection increases risk of drug-induced liver injury (DILI) in these
patients. Data on MDR-TB patients with concurrent HCV chronic infection treated at the same time with second-line
antitubercular drugs and new direct-acting antivirals (DAAs) are lacking. We evaluate if treating at the same time
HCV infection and pulmonary MDR-TB is feasible and effective.

Cases presentation: In this study, we described two cases of patients with pulmonary MDR-TB and concurrent
HCV chronic infection cured with DAAs at a Tertiary Infectious Diseases Hospital in Italy. During antitubercular
treatment, both patients experienced a DILI before treating HCV infection.

After DAAs liver enzymes normalized and HCV RNA was undetectable. Then antitubercular regimen was started
according to the institutional protocol, drawn up following WHO MDR-TB guidelines. It was completed without
further liver side effects and patients were declared cured from both HCV infection and MDR-TB.

Conclusions: We suggest to consider treatment of chronic hepatitis C with DAAs as a useful intervention for
reintroduction of second-line antitubercular agents in those patients who developed DILI, reducing the risk of
treatment interruption when re-exposed to these drugs.

Keywords: Multidrug-resistant tuberculosis, Chronic hepatitis C, Treatment, Drug-induced liver injury

Hepatitis C virus infection: a challenge in the complex management of two cases of multidrug-resistant tuberculosis. Musso et al. BMC Infectious Diseases (2019) 12:882
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Medscape: drug interaction monitoring

o Beeline KZ & 10:13 PM

4 Interaction Checker

View Interactions Found

linezolid

levofloxacin
clofazimine
bedaquiline

sofosbuvir

ledipasvir/sofosbuvir

Save

o Beeline KZ ¥ 10:14 PM

4 1 Interaction Found

Monitor Closely

Levofloxacin + Bedaquiline

Levofloxacin and Bedaquiline both increase QTc
interval. Modify Therapy/Monitor Closely. ECG should
be monitored closely
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University of Liverpool Hep Drug Interaction Checker S rpeiatn

https://www.hep-druginteractions.org/checker#

@ Do Not Coadminister ] Potential Interaction Potential Weak Interaction @ No Interaction Expected
Results Key

DCV LED/SOF SOF/VEL SOF/VEL/VOX
Bedaquiline O & ®
Clofazimine & | 2 ® O
Delamanid < & & @
Levofloxacin & o o &
Linezolid & & & $

Concomitant use has not been studied. Bedaquiline is metabolized by CYP3A4 and its concentration may increase due to moderate
CYP3A4 inhibition by Ledipasvir. It should be prescribed with caution due to the narrow therapeutic index of Bedaquiline and the
risk of SAE. If concomitant use is necessary, than more frequent ECG and transaminases monitoring is recommended.
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Hepatotoxicity occurs during treatment of TB and drug-resistant tuberculosis
HCV is associated with increased hepatotoxicity
Lack of clear recommendations on treatment of HCV in patients with DR-TB

In many sites where DAAs are available for HCV treatment, they are not available for DR-TB
patients

Most DR-TB patients in EECA have history of TB treatment

Risk factors for HCV are very common in patients with DR-TB (history of incarceration, IDU, long-
term contact with the health system, and high prevalence of HCV in the region)
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Screening for active HCV should be performed systematically at the beginning of treatment in all TB patients, especially
in those with DR-TB in regions with high HCV prevalence.

HCV treatment may be considered in patients with DR-TB who are unable to receive treatment due to hepatotoxicity and
a high risk of liver cirrhosis.

Current treatment of HCV with DAA agents is compatible with the DR-TB treatment, and there is no drug interaction with
the majority of drugs for the treatment of DR-TB.

Dual therapy for DR-TB and HCV is possible with close monitoring and direct observation at the PHC level.

Active drug safety monitoring during TB treatment and the use of patient-centered models of care that are used in TB
control programs can ensure proper treatment of patients with comorbidities and increase treatment success rate.

Operational research in the field of DR-TB, in particular in the WHO European Region, is an opportunity to improve
treatment outcomes, improve patients’ quality of life, strengthen integration with the infection disease services and inform
the development of new recommendations by the World Health Organization.
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