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Abstract

Drug reaction with eosinophilia and systemic symptoms (DRESS) and drug-induced liver injury (DILI) can hamper 
therapeutic strategy, contribute to multiple drug resistance and serious public health burden. Diagnosis (including 
allergy assessment) and management of these two severe hypersensitivity reactions in clinical practice are somewhat  
difficult and published scientific evidence is rather weak and limited. The first step is always represented by stopping 
all anti-tuberculosis (TB) drugs, treating reaction with systemic corticosteroids, and identifying the offending drug,  
even if it is often complicated by the patient’s simultaneous intake of antibiotics. Patch tests and in vitro tests, such as 
lymphocyte transformation test, could bridge this diagnostic gap, but the available data are scarce and their sensitivity 
low. The re-challenge test is often necessary but places patients at risk for serious adverse reactions. The desensitization 
protocols are quite varied and not universally accepted. In this narrative review, we provide an update to the literature 
data on the management of DRESS and DILI with particular attention to the allergological work-up in the last decade.
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Methods
In order to describe the most recent reports of severe 

non-blistering systemic reactions (DRESS, DIHS, DILI)  
induced by anti-tuberculosis drugs, a review of literature was 
carried out. PubMed and Web of science were searched up 
from 2012 to September 2022.

Primary screening was performed using the following  
MeSH headings and keywords: “antitubercular agents”,  
“antitubercular drugs”, “anti-tuberculosis agents”,  
“anti-tuberculosis drugs” and “antibiotics, antitubercular”.  
Secondary screening was performed using terms such as  
“drug hypersensitivity syndrome”, “drug reaction with  
eosinophilia and systemic symptoms syndrome”, “DRESS  
syndrome” and “chemical and drug induced liver injury”. 

Criteria for inclusion were as follows: full-text case 
reports, classical articles, clinical studies, letters, and  
observational studies available online. Criteria for exclusion  
were as follows: duplicate publications, unavailability of  
full-text, language other than English, and review articles.

From each report, we retrieved data regarding time 
of onset of clinical manifestations, culprit drug and  
allergological diagnostic tests (skin prick test (SPTs),  
intradermal tests (IDTs), patch tests, lymphocyte  
transformation tests (LTTs).

Results
1. DRESS and antitubercular drugs

DRESS or drug-induced hypersensitivity syndrome 
(DIHS) is a potential life-threatening severe adverse  
drug reaction characterized by an extensive skin 
rash in association with visceral organ involvement,  
lymphadenopathy, eosinophilia and other hematologic  
abnormalities.9 The latency between drug exposure and the 
disease onset is generally between 2-8 weeks.10 The incidence  
of DRESS is estimated between 1 in 1000 and 1 in 10,000 
drug administrations with a mortality rate of up to 10%.11 
The diagnosis of DRESS is performed usually following  
European Registry of Severe Cutaneous Adverse Reactions 
to Drugs and Collection of Biological Samples (RegiSCAR) 
group criteria.12 

RegiSCAR criteria let to classified patients with  
suspected DRESS into definite, probable, possible or no  
cases, basing on following characteristics: 1) skin eruption,  
2) fever (>38°C), 3) lymphadenopathy at least 2 sites,  
4) involvement of at least 1 internal organ, 5) lymphocytosis 
(> 4 × 103/μL) or lymphocytopenia (< 1.5 × 103/μL), 6) blood 
eosinophilia (> 10% or 700/μL), and 7) thrombocytopenia  
(< 120 × 103/μL).12 Mizukawa et al. have developed a scale 
useful to evaluate the severity of DRESS based on the  
collection of clinical and anamnestic data. This scale  
includes fixed and variable parameters that ranges from  
-1 to 3. When the drug responsible for the reaction is  
allopurinol, 1 starting point is assigned, as this is recognized  
as a risk factor for severe disease and renal failure. 
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Introduction
In 2016, the American Thoracic Society (ATS), Centers 

for Disease Control and Prevention (CDC), and Infectious 
Diseases Society of America (IDSA) jointly sponsored the 
development of guidelines on the treatment of drug-sensitive 
tuberculosis (TB), which was also approved by the European 
Respiratory Society (ERS) and the US National Tuberculosis  
Controllers Association (NTCA).1 Individual patient care 
and minimization of the transmission of Mycobacterium  
tuberculosis to other people are the goals of TB treatment.

In particular, the primary objectives of drug therapy of 
tuberculosis are (1) to rapidly reduce the number of actively  
growing bacilli in the patient, allowing to limit the severity  
of the disease, prevent death and stop the transmission of  
M. tuberculosis; (2) eradicating persistent bacilli populations 
to achieve lasting cure after completion of therapy; and (3) 
preventing the acquisition of drug resistance during therapy. 

Height decades of scientific literature have become the 
mainstays of multi-agent drug treatment to achieve these 
treatment goals, minimize drug toxicity and maximize the 
likelihood of treatment completion.2–6 

The success of pharmacological treatment, however,  
depends on many factors including the onset of  
hypersensitivity reactions that can influence the therapeutic  
strategy adopted. Severe drug eruption, characterized by 
high fever, erythematous rash and inflammation of internal  
organ(s), include Drug Reaction with Eosinophilia and  
Systemic Symptoms (DRESS)7 and Drug-Induced Liver Injury 
(DILI).8 

This review reports an update from the last decade on  
severe systemic hypersensitivity reactions to anti-TB drugs 
with particular emphasis on allergological management.
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Figure 1. Risk factors can be fixed or variable. Each parameter ranges from -1 to 3 and the results allows to assess the degree of 
severity of the disease. The clinical history of allopurinol intake before and during the onset of the manifestations is considered 
a risk factor (1 point). Score < 1 describes mild disease, in this case therapy is not required. Scores between 1 and 3 describe 
moderate disease. Finally, levels ≥ 4 describe severe disease. This latter condition requires a high-dose corticosteroid therapy.13  
Based on the compound score proposed by Mizukawa et al.13 
Created with BioRender.com.

The final score, resulting from this scale, allows to assess the 
disease severity and to drive therapeutic strategies, since it 
represents a useful indicator of therapeutic response.13 

The pathogenesis of DRESS is multifactorial and not 
deeply understood, probably due to an interaction among 
genetic and environmental factors such as a genetic  
deficiency of detoxifying enzyme, human leukocyte antigen  
(HLA) haplotypes predisposing, virus–drug interactions 
(HHV-6).14 However, the pathogenesis involves a delayed  
type hypersensitivity reaction, where T-helper type 2 cells  
play an important role.14 

In the skin and involved organ, biopsies reveal CD4+ 
and CD8+ T cells, responsible for the production of Th2  
proinflammatory cytokines and chemokines such as  
thymus and activation-regulated chemokine (TARC) and  
macrophage-derived chemokine (MDC).15,16 

Innate immunity is also involved. In fact, IL-5 secreting  
innate lymphoid cell 2 (ILC2s) are involved in the  
immunopathogenesis of DRESS favoring the recruitment 
and activation of eosinophils. The increase in TNF-α and 
INF-γ levels suggest an overlap with the Th1 pattern.16  
Furthermore, in the early stages of DRESS, there is 
an expansion of the Tregs with consequent state of  
Treg-mediated immunosuppression, responsible for the  
reactivation of the herpes viruses (Figure 2).14

The most frequent involved culprit drugs include  
anticonvulsant, allopurinol, antibiotics, and antiretroviral 
drugs. Antitubercular drugs are uncommonly reported cause 
of DRESS, probably underdiagnosed or delay diagnosed.  
Most DRESS reactions described in literature occurred 
during first line (FL) anti-TB drugs (rifampicin, isoniazid,  
pyrazinamide, and ethambutol) (Table 1). In a case-control  
pharmacogenetic study, HLA Cw*0401 is reported as  
possible risk factor for antitubercular-associated DRESS  
development.17 DRESS syndrome onset during antitubercular  
treatment represents a serious complication may lead 
to therapy discontinuation, high-dose of systemic  
corticosteroids use and second-line therapy. 

1.1 Culprit antitubercular drugs
Among antitubercular drugs, rifampicin is most  

involved drug following by isoniazid in development  
of DRESS though often the patients undergo an  
antibiotics combination protocol, and the identification 
of culprit drug is difficult to realize. Analyzing French  
pharmacovigilance database, Allouchery et al.18 reported  
the largest series of antitubercular drug-associated 
DRESS describing 67 cases. They recorded rifampicin  
and isoniazid as the most involved drugs with a  
median time of symptoms onset of 24 days of treatment. 
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Figure 2. A genetic predisposition and some acquired factors, such as herpes virus infections or a reduced drug metabolism,  
are involved in the development of DRESS. In these patients, the administration of specific pharmacological classes could induce 
the activation of T cells (CD4 and CD8), ILC2, and Tregs. Tregs could favor the reactivation of herpes viruses.14-16 
Created with BioRender.com.

In their case series, a drug allergy evaluation  
was performed in 11 patients (10 patch test and  
1 intradermal/prick test with delayed readings) and 
was positive in 8 cases. Two patients died from DRESS.  
Overall, rifampicin seems to be most suspected because 
of its larger indications while isoniazid is associated with 
a deeper allergy investigation that indicated it as culprit 
drug,19 less cases are related to ethambutol,20 none with 
pyrazinamide alone. 

A recent large Turkish study21 found a global  
prevalence of drug hypersensitivity reactions to  
antituberculosis drugs of 7.8%. About a third of  
patients developed Type IV hypersensitivity reactions, 
most frequently represented by maculopapular eruption.  
Rifampicin was the most frequently responsible drug 
for developing Type IV hypersensitivity reactions,  
followed by pyrazinamide, isoniazid, and ethambutol. 

Identification of culprit drug is often complicate in 
clinical practice by the possibility of a multiple drug  
hypersensitivity (MDH) in these patients. 

DRESS is the severe cutaneous adverse reaction most 
frequently associated with MDH, which can be presented  
up to 18% of cases of DRESS.22 The most accredited  
hypothesis sees transient immunosuppression and the 
costimulatory signals provided by viral reactivation  
and/or sensitization to the first drug as cofactors  
capable of increasing the stimulation of an immune  
response to other drugs and leading to the development 
of hypersensitivity to different classes of medications.22  
In this regard, Toujani et al.23 attempted a rechallenge  
with a separate and sequential reintroduction of the 
involved drugs (HRZE) with positive results for all 
of them. Systemic symptoms reappeared with each  
reintroduction and the time to onset of symptoms was 
variable (3-7 days).

Carneiro-Leão L et al.24 demonstrated a MDH 
in patient treated in the 15 last days, at first  
with piperacillin/tazobactam and vancomycin for  
community-acquired pneumonia and then with 
HRZE for tuberculosis infection. In this case, 
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1.3 Rechallenge, retreatment and cross-reactivity
The management of anti-TB - related DRESS foresees  

the immediate withdrawing all drugs involved and  
starting topical and/or systemic corticosteroid therapy.  
Once clinical resolution is obtained, after 4-6 weeks,  
an allergological work-up is necessary to identify the 
culprit drugs and drive the reintroduction of other 
FL-anti-TB, but it is not always performed or reliable.  
Several Authors adopt a sequential reintroduction of FL 
antituberculosis drugs (e.g., one drug every 3-5 days) in 
increasing doses.49 Nevertheless, the exact dose escalation  
and the order of drugs to be readministered, as well 
as the use of concomitant autoreactive therapy remain  
heterogenous and debated. Although sometimes it 
can reveal as a diagnostic aid, this approach should be  
performed carefully because often complicated by DRESS  
resumption, potentially life-threatening. Second-line  
antituberculosis drugs, such as aminoglycosides  
(streptomycin, amikacin, kanamycin) and quinolones 
(levofloxacin, moxifloxacin, ofloxacin, ciprofloxacin), can 
be administrated alternately or added to patients’ therapy.  
These drugs represent safer option but generally less  
effective. For these reasons, rechallenge should only be  
considered when the risks associated with suboptimal  
therapy outweigh those of a possible reaction and only 
in a specialized environment. Moreover, concerning 
the alternative treatment, although ethionamide and  
isoniazid have structural analogues, the risk of  
cross-reactivity seems low.50 Several findings also  
suggest the lack of cross-reactivity between rifampicin  
and rifabutin,51–53 but the absence of such cross-reactivity 
remains to be confirmed by further evidences.

1.4 Desensitization
Desensitization (DS) consists in a stepwise  

administration until reaching a therapeutic dose of  
culprit drug inducing a temporary tolerance and  
allowing the patient to complete an uninterrupted course 
of medication safely. The exact mechanism behind  
desensitization is not completely understood but 
it could provoke an increase of T-reg that could  
downregulated T-cell activated by antigen. DS is generally  
not recommended in serious adverse reaction following  
drugs administration.54 However, a desensitization  
protocol can be a reasonable option for patients 
with anti-TB drug-related DRESS to resume anti-TB  
medication. Antituberculosis drug desensitization data 
have been described in the literature.55–57 To date, the 
only institutional protocol, a 16-day slow desensitization  
protocol, proposed by the Japanese Society for  
Tuberculosis in 199758 was effectively tested for the first 
time in nineteen patients between August 1998 and 
March 2000 by Kobashi Y. and coworkers.59 Furthermore,  
the authors highlighted correlated factor with the success, 
such as the longer period from the discontinuation to 
the desensitization therapy and lower doses of drugs at  
starting desensitization.59

patch test resulted positive for isoniazid and lymphocyte  
transformation tests (LTTs) were positive to all drugs 
involved confirming MDH. However, on the basis on 
higher stimulation index for rifampicin and isoniazid  
rather than other anti-TB drugs, Authors readministered  
ethambutol and pyrazinamide without adverse effects.  
Furthermore, anti-TB could often be associated 
with other drugs known to induce DRESS (such as  
allopurinol) making it more difficult to identify the  
exact cause of DRESS. In fact, Ogawa et al25 report a case  
of allopurinol-induced DRESS complicated by isoniazid  
hypersensitivity confirmed by patch and LTTs.

Table 1 summarizes the characteristics of the other 
cases reported in the literature.26–44 

1.2 Allergological evaluations
Identifying the culprit drug is critical to restoring  

effective therapy quickly and safely. Therefore, an  
allergological in vivo or in vitro tests may prove useful 
to recognize the culprit drug. Preferably, an allergological 
work-up should be done after at least to 4-6 weeks after 
a complete remission of clinical manifestations of DRESS 
syndrome. In published cases, this time is often shortened 
to rapidly restore a therapy for these patients. 

The diagnostic tool available does not seem to have 
high sensitivity and specificity and they do not often  
used in the clinical practice. Intradermal and skin 
prick tests are rarely performed and not standardized. 
Patch test can be useful in case of DRESS with a high 
specificity and a sensitivity reported between 32-64%  
depending on the drugs.45 Interestingly, Shebe et al.46  
reported a case of systemic reaction (pruritus,  
eosinophilia, hepatitis, facial oedema, conjunctivitis,  
hemorrhagic cheilitis and erythematous tender palms) 
after rifampicin patch test application in a patient  
affected by HIV suggesting a possible life-threatening 
drug reactions associated with allergological evaluations  
in these patients. 

LTTs are in vitro test helpful for the diagnosis of 
DRESS. LTT measures the uptake of a DNA precursor,  
tritiated thymidine, by lymphocytes after exposure to 
an antigen. Drug-induced LTT has a limited sensitivity  
ranging between 23-57% depending on considered drug, 
higher for isoniazid, but 93-98% of specificity that might 
aid in identifying the culprit drug.47 Ye et al.48 recorded  
a specific T cell response to isoniazid and rifampicin 
in patients with antituberculosis drug-induced DRESS  
syndrome or maculopapular exanthema. In their  
experience, LTT results agreed with oral provocation test 
while often were not associated with patch test results. 
Although LTT does not present any risk to the patient,  
compared to other allergy tests, and can be performed 
immediately after reactions, it is not routinely performed,  
especially in those countries where tuberculosis is  
currently widespread.
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(e.g., gynura segetum).68,69 From a study published in 
2006 on a small population of DILI patients at a center in  
Singapore, anti-TB drugs appear to be the second cause  
after herbal medicines.70 It has been shown that isoniazid,  
rifampicin and pyrazinamide (metabolized by the liver) can 
cause DILI,71 while for ethambutol or streptomycin it has not 
been clearly described.

DILI due to anti-tuberculosis drugs is a diagnosis of  
exclusion: personal medical history, physical examination 
and liver biochemistry are crucial in the diagnosis while  
imaging and liver biopsy should be discussed based on  
clinical presentation. For this reason, it is difficult to establish 
the exact incidence. Studies have shown a variable incidence 
between 2% and 28%.7,72–84 

A study on the Chinese population found a 2.55%  
incidence of DILI with an asymptomatic rate of 33%; 70% 
of patients had to change their therapeutic regimen.85  
In a Malaysian study of 473 TB patients, 9.7% developed  
hepatitis,86 and in a Sri Lankan study of 783 patients,  
the incidence was 9.5%.87 On the other hand, in Tanzania,  
the incidence is lower than expected.88

A study on 47,594 patients identified a DILI incidence of 
0.03% per year, and 80% of these were related to anti-TB.89

Advanced age, female sex, pregnancy, malnutrition,  
chronic ethanol consumption appear to be the major risk 
factors.84,87,90,91 Furthermore, HIV infection, concomitant use  
of anti-retroviral drugs, decreased CD4 counts,92 and 
extrapulmonary TB infection are associated with an  
increased risk of developing hepatitis.86

Over the years, many authors have also evaluated the 
possible genetic predisposition to develop liver damage with 
anti-TB intake. It has been hypothesized that mutations  
in genes involved in drug metabolism may promote  
liver damage. It has been known for many years that the  
detection of a slow NAT2 acetylation phenotype represents 
a significant risk factor for Isoniazid-induced toxicity.84,93  
Higuchi et al. demonstrated that the frequency of a variant 
haplotype, NAT2 6A, was significantly increased in patients  
with hepatotoxicity while the frequency of a wild-type  
haplotype NAT2 4, was significantly lower.94 
These data have also been recently confirmed.95

Evaluation of cytochrome P450 2E1 (CYP2E1)  
polymorphisms could be a useful diagnostic tool.96

In 2010, Wang et al. investigated the association between  
the genetic polymorphism of cytochrome P450 2E1  
(CYP2E1) and glutathione S-transferase mu 1 (GSTM1) 
with the risk of developing DILI from anti-TB therapy. Their  
results demonstrated that the CYP2E1 RsaI c1/c1 genotype 
is a risk factor for the development of DILI in these patients, 
while the GSTM1 RsaI null genotype appears to increase  
susceptibility.97

DILI clinical severity is classified into five grades: from 
grade 0 (no liver injury) to grade 5 (death) (Table 2).98 

In the recent years, some Authors tried desensitization 
protocols in cases where benefit of therapy outweighed 
the risk of a severe reaction to procedure.60–62 These  
studies recorded anti-TB DS success rate of 62.5-63.6%61,62  
in DRESS cases. Regarding breakthrough reactions during 
DS, Ban GY et al.62 demonstrated that the drugs identified  
during allergological work-up showed significantly 
high reactions rates (p = 0.014), although this was not  
correlated with desensitization failure rate. Recently,  
Oh et al.63 proposed a desensitization protocol as a safe 
and well-tolerated option after anti-TB DRESS, especially 
when there are no effective alternative drugs, compared  
with graded challenges or complete changing drugs  
regimes. 

The utilization of antihistamines and corticosteroids  
as premedication for desensitization also remains  
controversial with limited evidence in literature.  
Scherer and colleagues54 reported no difference  
between patients who took anti-reactive therapy daily  
during desensitization and those who did not.  
Such premedication seems rather more useful for  
relieving allergic symptoms in patients with skin  
diseases or a history of adverse drug reactions.

However, further data are necessary to assess 
the actual safety, tolerability, and effectiveness of  
desensitization protocols.

2. Drug-induced liver injury (DILI) and anti-tubercular 
drugs

DILI is a liver disease that commonly occurs 5-90 days 
after drug ingestion. Its clinical spectrum ranges from only 
biochemical abnormalities to an acute liver insufficiency.64 
Traditionally, DILI is classified into intrinsic (dose-related, 
predictable, and short latency to onset) and idiosyncratic  
(not dose-related, unpredictable, and variable latency to  
onset). Idiosyncratic DILI (IDILI) can be sub-classified into 
genetically mediated IDILI and immune-mediated IDILI  
(that can manifest with hypersensibility or drug-induced  
autoimmune injury). DILI is histopathologically classified into 
three groups: hepatocellular, cholestatic and mixed according  
to the Council for International Organizations of Medical  
Sciences (CIOMS).65 Hepatocellular damage occurs when  
alanine aminotransferase (ALT) is ≥ 3 ULN (upper limit  
of normality) or the ratio (R) between ALT and alkaline  
phosphatase (ALP) is ≥ 5 (R = ALT serum activity / ALP 
serum activity). Hepatocellular type injury is more severe 
than cholestatic or mixed types. ALP ≥ 2 ULN or R ≤ 2  
occurs in cholestatic type injury, while mixed type is  
defined by ALT ≥ 3 ULN, ALP ≥ 2 ULN and 2 < R < 5.  
Cholestatic and mixed type appear to occur more 
in patients with chronic disease.65–67 Vascular liver  
injury is a rare histopathological alteration mainly due to  
radio-chemotherapy and pyrrolizidine alkaloid-based herbs
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Table 2. DILI clinical severity grading. 

Grade Comment Laboratory Clinical manifestations

0 No liver injury None None

1 Mild liver injury h ALT1 and/or ALP2 and 
TBIL3 < 2.5 mg/dL and 
INR4 < 1.5

Fatigue, nausea, asthenia, jaundice,  
rashes, pruritus, right upper abdominal 
pain

2 Moderate liver injury h ALT and/or ALP and TBIL ≥ 2.5 mg/dL or
INR ≥ 1.5 without Hyperbilirubinemia

Symptoms like grade 1 but with more 
severity

3 Severe liver injury h ALT and/or ALP and TBIL ≥ 2.5 mg/dL with or without
INR ≥ 1.5

Patient needs to be hospitalized

4 Acute Liver Failure h ALT and/or ALP and TBIL ≥ 2.5 mg/dL and at least 1 of the following:
1) Prolonged jaundice and symptoms beyond 3 months, or
2) Signs of hepatic decompensation (INR ≥ 1.5, ascites, encephalopathy), or
3) Other organ failure believed to be related to drug induced liver injury

Encephalopathy, ascites, DILI-related 
dysfunction of other organs

5 Lethal Death/transplantation

1ALT = alanine aminotransferase; 2ALP = alkaline phosphatase; 3TBIL = total bilirubin; 4INR = international normalized ratio.

2.3 Pyrazinamide 
The mechanism of pyrazinamide hepatotoxicity  

is unknown. Since pyrazinamide is only used in  
combination therapy, its toxicity is unclear to date.  
In 2001, the Centers for Disease Control and Prevention  
(CDC) reported two episodes of severe hepatitis  
associated with the combination of rifampin and  
pyrazinamide in New York and Georgia.108

Wang et al. reported the case of a 78-year-old 
man with biopsy-confirmed liver injury secondary to  
pyrazinamide therapy. Upon suspension of the therapy,  
the liver damage regressed, and a new cycle with  
ethambutol and levofloxacin was started.95 The patient  
had a NAT2 slow acetylator phenotype, which may 
be implicated in pyrazinamide toxicity by unknown  
mechanisms.95 Ruslami et al. reported 4 cases of  
pyrazinamide-related hepatotoxicity.109

2.4 Ethambutol and streptomycin
To date, no hepatotoxicity is described. 

2.5 Management
One in five patients shows an increase in serum  

transaminase levels when treated with standard  
anti-TBC regimen and resolves spontaneously.71,73,110  
Routine transaminase monitoring is unnecessary if 
no risk factors or underlying liver disease coexist.111  
Some authors suggest monitoring liver function in 
the first eight weeks of treatment in patients treated 
with anti-TB.112 British Thoracic Society (BTS) suggest  
monitoring liver function only of patients with 
known chronic liver disease for the first 2 months.113 

2.1. Isoniazid
Isoniazid inhibits the formation of the mycobacterial  

cell wall. It is cleared mainly by the liver and its  
hepatotoxicity appears to be idiosyncratic99 and 
caused by its toxic metabolites. The hepatic enzyme  
N-acetyltransferase 2 (NAT2) metabolizes the majority  
of isoniazid into acetylisoniazid and only a small part 
of isoniazid is hydrolyzed into isonicotinic acid and  
hydrazine; this pathway seems to be predominant  
in slow acetylators,100,101 which develop hepatic injury 
more often and more severely than fast acetylators. This  
behaviour suggests hydrazine and its toxic metabolites 
(acetylated hydrazine, hydrazones and nitrogen gas)  
hepatotoxicity. CYP 2E1 c1/c1 genotype increases CYP 
2E1 activity and appears to be involved to a higher  
hepatotoxins production.84,96,102,103

Bhatia et al. described a case of recurrent DILI in a 
child treated with isoniazid and rifampicin.104 Isoniazid  
has been defined as responsible for pruritus episodes of 
liver damage, and according to the authors, in cases of 
recurrent DILI, fluoroquinolones may be preferred.104  
According to Branco Caetano et al, the hepatotoxic effect 
of isoniazid would be enhanced by anti-epileptic therapy  
and the ketogenic diet. The author reported two cases 
of DILI in patients diagnosed with epilepsy undergoing  
anti-TB treatment.105

2.2 Rifampicin
Rifampicin can rarely induce a dose-dependent 

hepatotoxicity due to an interference with bilirubin  
uptake, causing an unconjugated hyperbilirubinemia by  
inhibiting the bile salt exporter pump.106,107 
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American Thoracic Society (ATS) guidelines suggest  
a baseline liver function testing in at risk patients.  
If hepatotoxicity occurs, after stopping the treatment,  
ATS guidelines suggests restarting anti-TBC drugs one 
at a time.114 For BTS, in the case of DILI, the treatment 
must be suspended, and once liver function normalizes,  
the drugs can be reintroduced sequentially in the order:  
isoniazid, rifampicin, pyrazinamide; these patients 
should be monitored daily for clinical condition and  
liver function.113 In 2014, Zuberi et al. compared the 
two main guidelines for the treatment of tuberculosis.  
According to the authors, there are no substantial  
differences in the treatment of DILI between the ATS 
and BTS guidelines.115 Sharma et al. evaluated with 
good results the reintroduction of the three main drugs  
(isoniazid, rifampicin, and ethambutol) simultaneously  
and at full dosage, with advantages on patients with  
bilateral pulmonary tuberculosis or for life-threatening  
patients.116

There is no evidence on correct approaches for  
reintroducing anti-TB therapy in pediatric patients with 
comorbidities (meningitis, HIV infection, cardiac disease), 
and standardized guidelines would be needed.117 

2.6 What literature adds about the diagnostic evaluation?
According to the most recent studies, the dosage 

of bilirubin, the MELD score, creatinine, albumin, and 
INR can be markers of the severity of liver damage.118,119  
According to some authors, these markers and signs of 
encephalopathy, ascites, and jaundice are associated with 
poor prognoses.118,120,121

Hepatitis B and cirrhosis are important risk factors, 
and the Child-Pugh score should be evaluated before 
starting treatment.122

There are conflicting results in the literature. Saha 
et al. found no statistically significant risk factors.123  
Given the high incidence of DILI in patients on anti-TB 
therapy, according to Abbara et al., it would be helpful to 
monitor liver damage enzymes in the first eight weeks of 
treatment.112

Cao et al.,124 evaluating urinary metabolites, found 
that tricarboxylic acid circulation, arginine and proline  
metabolism and purine metabolic pathways were affected  
by anti-tuberculosis treatment. Potential diagnostic  
markers such as mean eosinophilic volume (MEV) and 
mean eosinophilic volume and size variability (MEV-SD) 
were described by Shen et al.125 Changes in serum values  
of these biomarkers were present in patients who had  
undergone antituberculosis therapy. To date, no  
allergy tests are reported in the literature to correctly  
diagnose or predict drug-induced liver injury due to 
ADTs. The only diagnostic procedure also described by 
the current guidelines provides for the suspension and 
subsequent reintroduction of the drugs involved.

Some authors have tried to associate traditional  
therapeutic schemes with supplements capable of  
reducing hepatotoxicity. Good results were obtained 
with silymarin,126 with a mix of medicinal herbs127 and  
cholecalciferol.128

Table 3 summarizes the main studies in the  
literature on DILI induced by anti-TB drugs. Due to 
the lack of clinical studies in the last decade, we have  
also included studies from previous years. Further data  
collection is needed to strengthen the evidence. 
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Conclusions
The World Health Organization Global Tuberculosis  

Report 2021 defines tuberculosis as the second infectious 
disease that causes sickness and death after SARS-CoV-2  
infection and ranks it as the 13th among the global causes  
of death.129 To date, the prevalence of the patients developing  
a hypersensitivity reaction against antituberculosis drugs 
is yet unknown. Patients should stop their antituberculosis  
treatment if any hypersensitivity reaction occurs against 
any of the drugs used. This situation not only delays the 
treatment but also represents a diagnostic and therapeutic  
challenge for clinician. Furthermore, adverse effects of the 
medication, in particular severe hypersensitivity reactions  
not properly managed, will also disrupt the patient’s  
compliance with treatment and will weigh heavily on health 
care costs, requiring admission or prolongation of existing 
admission.130 Known risk factors for adverse drug reactions 
are: genetic factors (some HLA sequences), women’s lower  
body weight, advanced age, smaller organ sizes, greater 
body fat, gastric motility differences, and lower glomerular  
filtration rate, neo-diagnosis versus previous anti-tuberculous 
treatment.21,61,74,82,131 The most common agents responsible  
for hypersensitivity reactions are rifampicin, isoniazid, 
and ethambutol. More and more frequent is the finding of 
multiple sensitivities against antituberculosis drugs.132–134  
The first step of the management of a hypersensitivity  
reaction is the interruption of suspected culprit drug,  
followed by antihistamine treatment, steroid treatment, or 
their combinations.135 The next challenge for the clinician is 
identifying the drug responsible for hypersensitivity reaction 
before drug reintroduction.135 Current diagnostic difficulties 
include: the limited availability of intravenous preparations  
for intradermal testing and the need for cutaneous  
manifestation recovery before testing,45 the frequent need for 
ex vivo testing [such as IFN-gamma release enzyme-linked 
immunospot (ELISpot) assay], which can be a problem in 
low-income countries.45,136–138 

In the spirit of nurturing research, overcoming roadblocks,  
and innovating the practice, eHealth technologies could 
be a way to enhance diagnosis procedures at each step 
of the management of patients with tuberculosis.139,140  
Through eHealth, the development of adverse reactions 
to antituberculosis drugs could be early intercepted with  
desirable reduction of morbidity and mortality.141

The Authors believe that future research should focus on: 
1) diagnostic pathways based on clinical risk stratification 
and dual strategy involving sequential re-challenge and rapid  
drug desensitization,142 2) definition and constant up-date 
of well-phenotyped cohorts in order to uncover genomic  
predictors of hypersensitivity reactions.

Finally, a concerted international effort is needed to 
generate real-time data on hypersensitivity reactions to  
antitubercular drugs.

This global and multidisciplinary approach will improve  
the compliance of the patients to the antituberculosis  
treatment. 
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Key messages
•	 Anti-tuberculosis	 drugs	 may	 be	 responsible	 for	 severe	 

delayed hypersensitivity reactions (DRESS and DILI).
•	 The	 main	 drugs	 involved	 are	 rifampicin,	 isoniazid,	 and	

ethambutol.
•	 These	 drugs	 are	 often	 administrated	 in	 combination;	 this	

approach potentially complicates the diagnostic work-up.
•	 Skin	prick	 and	 intradermal	 tests	 are	not	 conclusive.	Patch	

tests with suspect drugs and lymphocyte transformation 
tests (LTTs) can be useful tools for diagnostic work-up,  
although sensitivity and specificity vary from drug to drug.

•	 A	 multidisciplinary	 approach,	 greater	 awareness	 of	 data	
collection and the search for standardized diagnostic tests 
are necessary pillars to ensure a correct diagnosis and a 
better compliance of the patient. 
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