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Abstract

treatment interruption when re-exposed to these drugs.

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 (DAASs) 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
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Background

Treatment of multidrug-resistant tuberculosis (MDR-TB)
requires second-line anti-TB drugs that are more costly,
less efficacious and more toxic than first-line drugs [1].

Most patients on treatment for MDR-TB, lasting up to
2 years, experience at least one adverse drug reaction
that can lead to the interruption of treatment and con-
tribute to unfavorable outcome [2].

Drug-induced liver injury (DILI) refers to a hepatic in-
jury due to a medication, herb or dietary supplement [3].
It is one of the most frequent adverse drug reactions re-
lated to antitubercular drugs [4] and his spectrum of
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injury ranges from asymptomatic liver tests elevation to
acute liver failure [3].

DILI can result from several second-line drugs used in
MDR-TB regimen [5-8].

Hepatitis C virus (HCV) chronic infection prevalence is
more elevated in people affected by TB than in general
population [9] and it is a well-known independent risk
factor for the development of drug induced hepatotoxicity
[5, 8]. HCV chronic infection makes the already complex
management of MDR-TB patients even more difficult.

New direct-acting antivirals (DAAs) changed chronic
hepatitis C from a barely manageable to a curable condi-
tion. No clear recommendations for MDR-TB patients
with concurrent HCV chronic infection treated at the
same time with second-line antitubercular drugs and
DAAs are currently available.
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After we obtained informed consent from patients, we
report two cases of successful treatment of pulmonary
MDR-TB and concurrent HCV chronic infection cured
with DAAs.

Cases description

Case 1

A 39years old woman of Romanian origin affected by
retreated pulmonary MDR-TB with resistance to isonia-
zid, rifampin, pyrazinamide, streptomycin, amikacin and
kanamycin (proportion method in Lowenstein-Jensen
medium) and HCV chronic infection was referred to our
Institute. Before starting antitubercular treatment liver
function tests were normal. She has been treated for 3
months with (daily dosage, unless otherwise specified):
levofloxacin (1000 mg), cycloserine (750 mg), para-
aminosalicylic acid (8 g), linezolid (600 mg), ethionamide
(750 mg), and bedaquiline (200 mg three times per week).
At admission to our Institute, she complained nausea, as-
thenia and loss of appetite. Severe liver enzymes alteration
(AST/ALT =113/284U/L) was found. HCV viral load was
253.336 IU/ml, genotype 1b. Additional causes of liver in-
jury have been excluded. According to the institutional
protocol, drawn up following WHO MDR-TB guidelines
[10], treatment was interrupted.

Liver biopsy performed for staging chronic hepatitis
documented mild necrotizing and inflammatory activity
and portal fibrosis, grade 5 (A2 + BO + C1 + D2) and stage
2 of Ishak score, grade A1 (PMNT1 + LNO) and stage F1 of

Page 2 of 4

METAVIR score [11, 12]. Sofosbuvir/ledipasvir 400/90 mg
once daily was started.

After 2weeks liver enzymes normalized and HCV
RNA was undetectable (Fig. 1). Then an individualized
regimen according to drug sensitivity test results and
current WHO guidelines, adjusted for comorbidities,
was restarted with moxifloxacin (400 mg), cycloserine, li-
nezolid, ethionamide, ethambutol (1200 mg), and clofazi-
mine (100 mg) [10].

A sustained HCV virological response was reached
after 12 weeks of DAAs and cure according WHO guide-
lines [10] was obtained after 20 months of treatment
without other hepatic adverse drug events. HCV viral
load was still suppressed after 7 months of follow up.

Case 2

A 66 years old man from Ethiopia was referred with diag-
nosis of MDR-TB. His clinical history included only HCV
chronic infection. Aspartate aminotransferase (AST) and
alanine aminotransferase (ALT) were normal (<40 U/L) at
admission in our Institute (HCV RNA was 32.874 IU/ml,
genotype 4d).

Mycobacteria growth indicator tube on liquid media
(MGIT 960 systems; Becton Dickinson, Sparks, MD,
USA) detected resistance to rifampin and isoniazid. A
regimen with amikacin (1g), pyrazinamide (2 g), levo-
floxacin (1 g), linezolid (600 mg), ethambutol (1600 mg),
prothionamide (750 mg), and imipenem (2 g)/clavulanic
acid (375 mg) was started according to WHO guidelines
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[10]. At the forth month of treatment nausea and vomit
occurred and because of a severe liver enzymes alteration
(AST/ALT = 374/228 U/L) regimen was interrupted.

HCV RNA increased to 463428 IU/ml. Additional causes
of liver injury have been excluded. A liver biopsy docu-
mented a grade 9 (A3 + B2 + C2 + D2), stage 4 of Ishak score
and grade A2 (PMN2 + LN1), F2 of Metavir score [11, 12].

Velpatasvir/sofosbuvir 100 mg/400 mg per day was
prescribed.

Normalization of transaminases occurred after 2 weeks
and regimen with amikacin, levofloxacin, linezolid, eth-
ambutol, prothionamide, imipenem/clavulanic acid, and
cycloserine (750 mg) was restarted (Fig. 1).

HCYV viral load was suppressed at 12 weeks of DAAs
treatment.

Patient was declared cured after 20 months of antitu-
bercular treatment without other hepatic adverse drug
events. HCV viral load is still suppressed at sixth months
of follow up.

Discussion and conclusions

We report two cases of successful treatment of pulmonary
MDR-TB and concurrent HCV chronic infection cured
with DAAs. Treatment of MDR-TB is challenging because
it relies on drugs with lower efficacy and much greater tox-
icity than those used for drug-susceptible TB (DS-TB) [13].

Treatment outcomes for MDR-TB and extensively
drug-resistant TB (XDR TB) are generally poor if com-
pared to DS-TB [14]. Adverse drug reactions including
DILI represent an obstacle to treatment completion and
may negatively influence the outcome of MDR-TB [15].

Documented liver toxicity has been described for several
drugs used in MDR-TB regimens like pyrazinamide, ethi-
onamide/prothionamide cycloserine, clofazimine, para-
aminosalicylic acid, linezolid, bedaquiline, delamanid, and
moxifloxacin [5-8, 16]. According to available data, pa-
tients receiving MDR TB treatment require drug suspen-
sion from the regimen due to adverse reactions in 30% of
cases and treatment interruption in 2.1% [2]. Risk of DILI
in patients with tuberculosis ranges in several studies from
5% to as high as 33% of treated cases, with a rate of
asymptomatic increase of liver enzymes around 20% [16].
DILI is not uncommon in MDR-TB treatment and the in-
cidence reported is usually around 2%, but a pick of 16.8%
has been described [2, 8, 17-19].

During antitubercular treatment DILI is more com-
mon in patients infected by hepatotropic viruses [18].
HCV infection represents a significant risk factor for
DILI in MDR-TB treatment [18], but it seems not re-
lated with outcome of these patients [18, 20].

Assessment of liver dysfunction or biliary disease, use of
alcohol and assumption of any hepatotoxic drugs are
mandatory at diagnosis of TB and screening for viral hepa-
titis should be considered for patients with risk factors [16].
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Pharmaceutic armamentarium in MDR-TB is limited
and includes drugs with potential liver toxicity. Reducing
the cumulative risk of hepatic side effects in these patients
by treating HCV chronic infection is crucial in order to
complete a long and challenging therapeutic regimen.

Data on co-administration of DAAs and second-line
anti TB drugs are lacking. No clear recommendations
for MDR-TB patients with concurrent HCV chronic in-
fection treated at the same time with second-line antitu-
bercular drugs and DAAs are currently available.

In low TB burden countries management of MDR-TB
patients should be performed in referral centers in order
to ensure active TB drugs safety monitoring and timely
management of adverse events and co-morbidities [21].

Treatment with DAAs allowed to reintroduce success-
fully an effective second-line antitubercular treatment
without recurrence of DILI in our two cases.

HCV chronic infection is an additional challenge for cli-
nicians in the already complex management of MDR-TB.

As far as we know these are the first two case reports of
a successful concurrent treatment of MDR-TB and HCV
chronic infection with second-line antitubercular drugs
and DAAs in a low TB incidence country like Italy, but
further investigations by clinical trials would be warranted
to evaluate this treatment strategy.

Treatment with DAAs is feasible and should be consid-
ered in MDR-TB patients with HCV chronic infection.
This permits to complete challenging antitubercular regi-
men in condition of multidrug resistance using also
second-line potentially hepatotoxic drugs and minimizing
the risk of prolonged treatment interruption.

Abbreviations

ALT: Alanine transaminase; AST: Aspartate transaminase; DAAs: Direct-acting
antivirals; DILI: Drug-induced liver injury; DS-TB: Drug-susceptible TB;

HCV: Hepatitis C virus; MDR-TB: Multidrug-resistant tuberculosis; XDR-

TB: Extensively drug-resistant TB

Acknowledgments
We thank E. Ercoli and nurse staff from Respiratory Infectious Diseases Unit
“L. Spallanzani” Institute who provided expertise and care for TB patients.

Authors’ contributions

FP designed the study. MM wrote the paper. MM and SM supplied the
clinical data. MM, SM, PM, RU, PG and FP evaluated and treated the patients.
AR and FDN performed and analyzed histological examination. GG and DG
undertook follow-up of the patients. All authors reviewed and approved the
final version of the paper submitted to the journal.

Funding

This work was supported by funding from Italian Ministry of Health, grant
Ricerca Corrente IRCCS, Research program no. 4 Tuberculosis. The funder had
no role in study design, data collection, analysis and interpretation, and
preparation of the manuscript.

Availability of data and materials
All data are presented in this manuscript and can be accessed through the
corresponding author on request.



Musso et al. BMC Infectious Diseases (2019) 19:882

Ethics approval and consent to participate

Ethics approval is not applicable to retrospective review of past clinical cases.

All treatments received by the patient were standard of care and were not
influenced by this retrospective review. Written informed consent was
obtained from both patients for this paper to be published.

Consent for publication

Written informed consent was obtained from both patients for this paper to
be published. A copy of the written consent is available for review by the
Editor of this journal.

Competing interests
Delia Goletti is an editorial board member for BMC Infectious Diseases. All
other authors declare that they have no competing interests.

Author details

1Respiratory Infectious Diseases Unit, National Institute for Infectious Diseases
“L. Spallanzani” IRCCS, Rome, Italy. *Hepatology Unit, National Institute for
Infectious Diseases “L. Spallanzani” IRCCS, Rome, Italy. 3Pathology Unit,
National Institute for Infectious Diseases “L. Spallanzani” IRCCS, Rome, Italy.
“Translational Research Unit, National Institute for Infectious Diseases “L.
Spallanzani” IRCCS, Rome, Italy.

Received: 14 February 2019 Accepted: 23 September 2019
Published online: 22 October 2019

References

1. Weiss P, Chen W, Cook VJ, Johnston JC. Treatment outcomes from
community-based drug resistant tuberculosis treatment programs: a
systematic review and meta-analysis. BMC Infect Dis. 2014;14:333. https.//
doi.org/10.1186/1471-2334-14-333.

2. World Health Organization. Companion handbook to the WHO guidelines
for the programmatic management of drug-resistant tuberculosis. WHO/
HTM/TB/2014.11. Geneva: WHO; 2014. Accessed 20 Dec 2018

A~ w

Tostmann A, Boeree MJ, Aarnoutse RE, de Lange WC, van der Ven AJ,
Dekhuijzen R. Antituberculosis drug-induced hepatotoxicity: concise up-to-
date review. J Gastroenterol Hepatol. 2008;23:192-202.

5. Ungo JR, Jones D, Ashkin D, et al. Antituberculosis drug-induced
hepatotoxicity: the role of hepatitis C virus and the human
immunodeficiency virus. Am J Respir Crit Care Med. 1998;157:1871-6.

6. Lange C, Abubakar |, Alffenaar JW, et al. Management of patients with
multidrug-resistant/extensively drug-resistant tuberculosis in Europe: a
TBNET consensus statement. Eur Respir J. 2014;44:23-63.

7. Ramachandran G, Swaminathan S. Safety and tolerability profile of second-
line anti-tuberculosis medications. Drug Saf. 2015;38:253-69.

8. Nathanson E, Gupta R, Huamani P, et al. Adverse events in the treatment of
multidrug-resistant tuberculosis: results from the DOTS-plus initiative. Int J
Tuberc Lung Dis. 2004;8:1382-4.

9. Wu PH, Lin YT, Hsieh KP, Chuang HY, Sheu CC. Hepatitis C virus infection is
associated with an increased risk of active tuberculosis disease: a
nationwide population-based study. Medicine (Baltimore). 2015;94:21328.
https://doi.org/10.1097/MD.0000000000001328.

10. World Health Organization. WHO treatment guidelines for drug-resistant
tuberculosis, 2016 update. October 2016 revision. WHO/HTM/TB/2016.04.
Geneva: WHO; 2014. Accessed 20 Dec 2018

11, Ishak K, Baptista A, Bianchi L, et al. Histological grading and staging of
chronic hepatitis. J Hepatol. 1995,22:696-9.

12. The French Metavir Cooperative Study Group. Intraobserver and inter-
observer variations in liver biopsy interpretation in patients with chronic
hepatitis C. Hepatology. 1994;20:15-20.

13. Tiberi S, du Plessis N, Walzl G, et al. Tuberculosis: progress and advances in
development of new drugs, treatment regimens, and host-directed
therapies. Lancet Infect Dis. 2018;18:2183-98.

14.  Daley CL, Caminero JA. Management of multidrug resistant tuberculosis.
Semin Respir Crit Care Med. 2013;34:44-59.

15. Shean K Streicher E, Pieterson E, et al. Drug-associated adverse events and

their relationship with outcomes in patients receiving treatment for

extensively drug-resistant tuberculosis in South Africa. PLoS One. 2013;8:

e63057. https://doi.org/10.1371/journal.pone.0063057.

Leise MD, Poterucha JJ. Drug-induced liver injury. Mayo Clin Proc. 2014,89:95-106.

Page 4 of 4

16.  Saukkonen JJ, Cohn DL, Jasmer RM, et al. An official ATS statement: hepatotoxicity
of antituberculosis therapy. Am J Respir Crit Care Med. 2006;174:935-52.

17. Dela Al, Tank NKD, Singh AP, Piparva KG. Adverse drug reactions and treatment
outcome analysis of DOTS-plus therapy of MDR-TB patients at district
tuberculosis centre: a four year retrospective study. Lung India. 2017;34:522-6.

18. Lee SS, Lee CM, Kim TH, et al. Frequency and risk factors of drug-induced
liver injury during treatment of multidrug-resistant tuberculosis. Int J Tuberc
Lung Dis. 2016,20:800-5.

19. Keshavjee S, Gelmanova 1Y, Shin SS, et al. Hepatotoxicity during treatment
for multidrug-resistant tuberculosis: occurrence, management and outcome.
Int J Tuberc Lung Dis. 2012;16:596-603.

20. Gurbanova E, Mehdiyev R, Blondal K, Altraja A. High prevalence of hepatitis
C among patients with drug-resistant tuberculosis and its impact on the
treatment outcome in Azerbaijan prisons. Eur Respir J. 2015;46:PA2984.

21. Migliori GB, Sotgiu G, Rosales-Klintz S, et al. ERS/ECDC Statement: European
Union standard for tuberculosis care, 2017 update. Eur Respir J. 2018;51(5).
https://doi.org/10.1183/13993003.02678-2017.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Ready to submit your research? Choose BMC and benefit from:

e fast, convenient online submission

o thorough peer review by experienced researchers in your field

 rapid publication on acceptance

o support for research data, including large and complex data types

e gold Open Access which fosters wider collaboration and increased citations
e maximum visibility for your research: over 100M website views per year

K BMC

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions



https://doi.org/10.1186/1471-2334-14-333
https://doi.org/10.1186/1471-2334-14-333
https://doi.org/10.1097/MD.0000000000001328
https://doi.org/10.1371/journal.pone.0063057
https://doi.org/10.1183/13993003.02678-2017

	Abstract
	Background
	Cases presentation
	Conclusions

	Background
	Cases description
	Case 1
	Case 2

	Discussion and conclusions
	Abbreviations
	Acknowledgments
	Authors’ contributions
	Funding
	Availability of data and materials
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Author details
	References
	Publisher’s Note

