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ABSTRACT

Objective: To evaluate drug resistant tuberculosis patients who developed drug hypersensitivity
to antituberculosis drug.

Methods: This was a retrospective study. The primary aim of the study is to determine the de-
mographic and clinical characteristics of patients who develop drug hypersensitivity in drug
resistant tuberculosis patients. The secondary aim of the study is to examine the treatment results.
Demographic features, tuberculosis diagnostic indicator, clinical signs of developing hypersensi-
tivity reaction, reaction time, and treatment were evaluated.

Results: A total of 25 patients were included in the study. The prevalence of hypersensitivity in
drug resistance patients was 11.9%. Twelve (48%) of the cases were women. Mean age
(mean + SD) was 37.24 + 14.44 years; early type hypersensitivity reaction in 13 (52%). Three
patients were isoniazid resistant; 19 patients were multidrug-resistant (MDR); 2 patients were pre-
extensive drug resistant (Pre-XDR), 1 patient was extensive drug resistance (XDR) tuberculosis. The
most common skin findings were maculopapular eruption and urticaria. But also we had seen isole
angiodema, urticaria and angioedema, erythema multiforme, lichenoid drug eruption and drug
rash with eosinophilia and systemic symptoms. In patients who developed a hypersensitivity re-
action, the responsible agent was identified in 14 cases in total. Among the drugs, pyrazinamide,
ethambutol, moxifloxacin, amikacin, para amino salicylic, prothionamide, and cycloserine are the
responsible agents. When evaluated in terms of treatment results, 15 (60%) patients successfully
completed the treatment.

Conclusion: Our study is the first study in the literature that evaluated the drug hypersensitivity in
drug resistance tuberculosis patients. Drug hypersensitivity that develops with tuberculosis treat-
ment may lead to discontinuation or change in treatment. it can cause treatment failure, drug
resistance, relapse, and even death. In resistant tuberculosis, the already existing resistance
pattern may become more difficult to treat. Success can be achieved with the right management in
these patients who have few treatment options, more drug side effects, and high treatment failure
rates. The established regimen should be curative and prevent recurrence.

Keywords: Drug resistance tuberculosis, Urticaria, Maculopapular drug eruption, Pyrazinamide

“Department of Allergy and Immunology, University of Health Sciences, Received 24 January 2023; Received in revised from 3 April 2023; Accepted
Streyyapasa Training and Research Hospital, Istanbul, Turkey 14 April 2023

*Corresponding author. E-mail: zynpyegin@hotmail.com Online publication date xxx

Full list of author information is available at the end of the article 1939-4551/© 2023 The Authors. Published by Elsevier Inc. on behalf of
http://doi.org/10.1016/j.waojou.2023.100778 World Allergy Organization. This is an open access article under the CC BY

license (http://creativecommons.org/licenses/by/4.0/).


mailto:zynpyegin@hotmail.com
https://doi.org/10.1016/j.waojou.2023.100778
http://creativecommons.org/licenses/by/4.0/
http://crossmark.crossref.org/dialog/?doi=10.1016/j.waojou.2023.100778&domain=pdf
https://doi.org/10.1016/j.waojou.2023.100778

2 Katran et al. World Allergy Organization Journal (2023) 16:100778

http://doi.org/10.1016/j.waojou.2023.100778

INTRODUCTION

Tuberculosis is the most common infectious agent
after COVID-19 infection worldwide." Although
tuberculosis is a treatable and preventable disease,
drug resistance is encountered due to delayed
diagnosis and errors in the application of anti-
tuberculosis treatment.? Adverse drug reactions
impair treatment compliance.®* In  susceptible
patients, the regimen is composed of isoniazid,
rifampicin, ethambutol, and pyrazinamide; In
resistant cases, it consists of a combination of many
drugs such as additional quinolones,
aminoglycosides, linezolid, bedaqulin, dalamanid,
ethionamide.* One of the conditions affecting the
success of tuberculosis treatment is drug
hypersensitivity. We have little information on
treatment outcomes in multidrug-resistant (MDR)
tuberculosis. In the meta-analysis, which includes
50 studies from 25 countries, treatment success is
61%. The use of linezolid, fluoroquinolones, beda-
qulin, clofazamine, and carbapenem is associated
with treatment success.®> When hypersensitivity
develops in the treatment of tuberculosis, proper
management is important in the success of
treatment. If hypersensitivity is managed correctly, a
drug that is necessary for the success of treatment
becomes available to patients. According to Sharma
et al, the pattern of resistance is associated with
regular and uninterrupted intake of antituberculosis
drugs.® It was also observed that resistant
tuberculosis patients who developed adverse drug
reactions had lower quality of life scores and worse
adherence to treatment.”

It is crucial to manage drug hypersensitivity re-
actions correctly in patients with drug-resistant
tuberculosis to ensure that they receive appro-
priate and effective treatment. If the hypersensi-
tivity reaction is not managed appropriately, it can
lead to treatment failure and disease progression,
which can have serious consequences for the pa-
tient's health. In our country, treatment of resistant
tuberculosis is carried out in 4 centers. One of
these centers is our hospital. Our patients used
drugs including bedaqulin and dalamanid in
different combinations. In our study, which is the
first case series to examine drug hypersensitivity in
resistant tuberculosis patients, demographic, clin-
ical characteristics, and treatment management of
patients were examined.

MATERIAL - METHODS

The design of the study was a case series, car-
ried out between 01.02.2015 and 01.05.2021. Pa-
tients aged 18 years and older who developed
immediate-type and delayed-type hypersensitivity
due to antituberculosis drug and were consulted
to the Allergy and Immunology clinic were exam-
ined. The primary aim of the study is to determine
the demographic and clinical characteristics of
patients who develop hypersensitivity in resistant
tuberculosis patients. The secondary aim of the
study is to examine the treatment results.

Demographic data of the patients, diagnosis of
tuberculosis, clinical features of hypersensitivity
reaction, and time of occurrence, drug treatments,
and treatment results were evaluated. Age,
gender, and nationality were noted in de-
mographic data. According to the World Health
Organization (WHO), countries were evaluated in 6
different regions according to their level of
development. These were Africa, the Americas, the
Eastern Mediterranean, Europe, Asia, and the
Western Pacific." In our study, cases were also
analyzed according to WHO country grouping.

Tuberculosis diagnoses, organ involvement,
and treatments were evaluated as determined
in the Turkish Ministry of Health Tuberculosis
Diagnosis and Treatment Guide published in
2019.%2 Diagnoses were classified as smear
positive, culture positive, molecular test positive,
histopathological  diagnosis, and  clinical
radiological diagnosis; organs affected from
tuberculosis were classified as pulmonary and
extrapulmonary; the extrapulmonary group
was grouped as miliary, lymph node, pleura,
kidney, pericardium, and larynx.® Resistances
were grouped as isoniazid resistance MDR
tuberculosis, pre-extensive drug resistance (Pre-
XDR), and extensive drug resistance (XDR). In
tuberculosis treatment, resistance to both isoni-
azid and rifampicin is called MDR tuberculosis.
Resistance to a quinolone or parenteral drug in
addition to MDR is called pre-extensive drug
resistance (Pre-XDR) tuberculosis. Resistance to a
quinolone and parenteral drug in addition to
MDR is called extensive drug resistance (XDR)
tuberculosis.”®
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Hypersensitivity reactions have been evaluated
as defined in the 2019 Approach to Drug Hyper-
sensitivity Reactions: National Guideline Update
and EAACI guideline.”'® When the type 1
immediate drug hypersensitivity reaction was
mentioned as urticaria, angioedema, rhinitis,
conjunctivitis, bronchospasm, abdominal pain,
syncope, anaphylaxis, which develops in the first
hour after taking the drug but could last up to 6 h,
were evaluated. Type 4 hypersensitivity reactions
were evaluated as maculopapular eruption, fixed
drug eruption, Steven Johnson Syndrome (SJS),
Toxic  Epidermal  Necrolysis (TEN), acute
generalized eczematous pustulosis (AGEP), drug
reaction with eosinophilia and systemic symptoms
(DRESS), erythema multiforme, and lichenoid drug
eruption that developed 6 h or later after taking
the drug.

Patients who developed a hypersensitivity reac-
tion were treated first. After all symptoms had
resolved, the drugs were given by desensitization
one-by-one. The way of desensitization is given by
the protocol made by Katran et al."” In immediate
type hypersensitivity, each drug was given in at
least 6 steps; 2.5 times between doses and drug
administration times not exceeding 30 min. The
drugs were given under the supervision of a
physician and nurse. A drug was given every day.
If hypersensitivity did not develop, the next day
after the full dose of the drug was given, the new
drug was added by desensitization. In delayed
type hypersensitivity, drugs were given in the
same doses as the early type, with desensitization.
The new drug was added to the treatment 4 days
later. We did not use premedication.

In the statistics of the study, all analyses were
performed using SPSS 22.0.

RESULTS

During the study, 210 drug resistance patients
were hospitalized in the Tuberculosis inpatient ser-
vice. A total of 25 patients were included in the
study. The prevalence of hypersensitivity in drug
resistance patients was 11.9%. Twelve (48%) of the
cases were women. Mean age (mean £ SD) was
37.24 + 14.44 years; immediate type hypersensi-
tivity reaction in 13 (52%) cases; 16 (64%) of them
were citizens of the Republic of Turkey; 24 (96%) of
them were diagnosed bacteriologically; 21 (84%)

had pulmonary tuberculosis; 5 (20%) of them had
previously received antituberculosis treatment.
Three patients were isoniazid resistant; 19 patients
were rifampicin resistant/MDR; 2 patients were pre-
XDR, 1 patient was XDR tuberculosis (Table 1).

The most common skin findings were mac-
ulopapular eruption and urticaria. But also we had
seen Isole angiodema, urticaria and angioedema,
erythema multiforme, lichenoid drug eruption and
DRESS (Table 2).

When we evaluated the time to develop
immediate- and delayed-type hypersensitivity
together; 1t (mean + SD) was 21.6 + 28.45 days.
Afterthe development of drug hypersensitivity, only
tuberculosis treatment was discontinued in 6 (24%)
patients and patients were self resolved and toler-
ated desensitization. Antihistamine treatment was
given in 8 (32%) patients, oral/parenteral steroid
was given in 1 (4%) patient, and antihistaminic and
oral/parenteral steroid were given together in 10
(40%) patients.

In patients who developed a hypersensitivity
reaction, the responsible agent was identified in
14 cases in total with skin prick test, intradermal
test, and patch test. Among the drugs, pyr-
azinamide, ethambutol, moxifloxacin, amikacin,
PAS, prothionamide, and cycloserine are the
responsible agents (Table 3).

The duration of treatment was 1857 + 4.91
months (10-25 months). When evaluated in terms
of treatment results, 15 (60%) patients successfully
completed the treatment; 1 (4%) patient could not
be reached; 3 (12%) patients were transferred
abroad, and 6 (24%) patients are still under
treatment.

DISCUSSION

Tuberculosisis an infectious disease that requires
long treatment and patient compliance. Moreover,
if there is drug resistance, it is more difficult for both
doctors and patients. Adverse events, including
hypersensitivity, result in poor adherence and
treatment success.’*"? In this study, patients who
developed immediate- or delayed-type drug
hypersensitivity with drug-resistant tuberculosis
treatment were evaluated. Immediate-delayed
type reaction was seen with similar frequency. The
most common skin findings were urticaria and



VARIABLE

GENDER

AGE

HYPERSENSITIVITY
REACTION TYPE

NATIONALITY

WHO COUNTRY
CLASSIFICATION

DIAGNOSIS

ORGAN AFFECTED
FROM TUBERCULOSIS

FEMALE
MALE

(MEAN = SD)

IMMEDIATE TYPE

DELAYED TYPE

TURKEY

OTHER

PULMONARY

EXTRAPULMONARY
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RUSSIA
UZBEKISTAN
TURKMENISTAN
AZERBAIJAN
KYRGYZSTAN
SYRIA

ASIA

EUROPE

AFRICA

AMERICA

EASTERN MEDITERRANEAN
WESTERN PACIFIC
SPUTUM POSITIVE
CULTURE POSITIVE

MOLECULAR TEST POSITIVE

MILIARY
LYMPH NODE
KIDNEY
PERICARDIUM
PLEURA
BONE

LIVER

N (%)

12 (%48)

13 (%52)
37.24 £ 14.44

13 (%52)

12 (%48)
16 (%64)
3(%12)
1 (%4)
1 (%4)
1 (%4)
2 (%8)
1 (%4)

22 (%88)

3 (%12)

18 (%72)
6 (%24)
1 (%4)

21 (%84)

1 (%4)
1 (%4)
1 (%4)
1 (%4)
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VARIABLE

PRIOR TREATMENT NO
YES

RESISTANCE

N (%)

20 (%80)
RECCURENCE 2 (%8)
PATIENT OUT OF FOLLOW UP 1 (%4)
TREATMENT FAILURE 2 (%8)
ISONIAZID RESISTANCE 3(%12)
MDR 19 (%76)
PRE-XDR 2 (%8)
XDR 1(%4)

Table 1. (Continued) Demographic and clinical characteristics of the patients

maculopapular eruption. Treatment success was
also reported as 60%.

There are 4 centers in our country that hospi-
talize patients with drug-resistant tuberculosis. Two
of them are in Istanbul. Our center is a reference
hospital and has the highest number of beds in
Istanbul. In our study the prevalence of hypersen-
sitivity in drug-resistant patients was 11.9%. The
prevalence of drug hypersensitivity has been re-
ported to be between 4.4 and 13%, similiar to our
study."*"® However, this prevalence was higher
than drug-sensitive tuberculosis patients.”

Drug hypersensitivity was observed with similar
frequency in men and women. There is no gender
difference in drug hypersensitivity in patients with
resistant tuberculosis.’ On the other hand, there
were studies indicating that it was more common
in women."® Prospective studies with large
numbers of patients necessary.

In a study conducted in Uganda, patients who
developed resistant tuberculosis were examined.
The patient age range was seen as 25-44 years. In
our study, the patient age range was similar."® The
mean age of the patients was found to be similar in
many studies.”*"”

Many more and different drug regimens are used
in MDR, pre-XDR, and XDR tuberculosis. The inci-
dence of adverse events was not higher in isoniazid-
resistant patients than in drug-sensitive patients."®
Second-generation antituberculosis drugs used in
resistant patients were associated with more
adverse events and poor treatment outcomes.’”#¢
Considering  the  drugs responsible  for

hypersensitivity, a wide variety was remarkable.
But when we look at the literature, we can mention
that each agent is likely to be responsible for
hypersensitivity. The risk of adverse events was
lower with quinolones, bedaqulin, and clofazimine
but higher with the second line injectable drugs,
aminosalicylic acid, and linezolid.?" In the study of
Tan et al, the most frequently responsible agent
was pyrazinamide (performed in drug-sensitive pa-
tients)."” Our study was conducted in resistant
patients and the number of alternative agents was
much higher. Although the number of patients was
small, pyrazinamide was the most responsible
agent for hypersensitivity.

Immediate- and delayed-type reaction was seen
with similar frequency. The most common skin
findings were maculopapular eruption and urti-
caria. Although number of patients were small,
there were severe reactions such as ertyhema
multiforme and DRESS. The drug causing erythema
multiforme could not be determined. The agents
responsible for the development of DRESS were
ethambutol, pyrazinamide, moxifloxacin, prothio-
namide and cycloserine. Inthe study of Tan et al, the
most common delayed type reaction and mac-
ulopapular drug eruption were reported. However,
it was also mentioned that all dermatological find-
ings can be seen like urticaria, exfoliative dermatitis,
lichenoid eruption."” In the literature, there are case
examples of DRESS, AGEP, SJS, urticaria, and
Lichenoid drug eruption in drug-resistant tubercu-
losis patients.?*"%%

In our study, if the patients needed systemic
steroids or antihistamines until their rash resolved,



Case

10

11

12

Clinical

Features of
Hypersensitivity

Urticaria

Urticaria

Urticaria
Urticaria
Urticaria +
Angloedema

Urticaria

Urticaria

Angioedema

Urticaria

Urticaria

Angioedema

Urticaria

Hypersensitivity
Management

Treated with
antihistamines and
steroids

Self resolved, tolerated
desensitization

Treated with
antihistamines

Treated with
antihistamines

Treated with
antihistamines

Self resolved, tolerated
desensitization

Treated with
antihistamines and
steroids

Treated with
antihistamines

Treated with
antihistamines and
steroids

Self resolved, tolerated
desensitization

Treated with
antihistamines

Treated with steroids

Culprit
Drug

Moxi,
PAS

Cyc

Emb
Pza

Initial Regimen

Moxi+
Cyc + Pza + Clph
+ Lzd + Amikacin

Moxi+
Cyc + Pza + Clph + Lzd
+ Amikacin + Eth

Inh + Moxi + Proth
+ Emb + Pza

Emb + Pza + Proth
+ PAS + Cyc

Moxi + Rif + Amikacin
+ Proth + Cyc

Moxi + Cyc + Proth
+ Lzd + PAS

Amikacin + Cyc + Moxi
+ PAS + Pza + Proth

Amikacin + Cyc + Emb
+ Moxi + Proth + PAS + Pza

Inh + Emb + Moxi
+ Proth + Pza + Cyc

Moxi + Amikacin
+ Cyc + Emb + Pza

Inh 4+ Rif + Emb + Pza

Moxi + Amikacin + Cyc
+ Emb + Pza + Proth

Final
Regimen

Moxi+Cyc + Pza + Clph
+ Lzd + Amikacin

Moxi+
Cyc + Pza + Clph
+ Lzd + Amikacin + Eth

Inh + Moxi + Proth
+ Emb + Pza

Moxi + PAS + Lzd
+ DIm + Bdq

Moxi + Rif + Amikacin
+ Proth + Cyc

Moxi + Cyc + Proth
+ Lzd + PAS

Amikacin + Cyc
+ Pza + Proth

Amikacin + Cyc
+ Moxi + PAS + Lzd

Inh + Emb + Moxi
+ Proth + Pza + PAS

Moxi + Lzd +
Cyc + Emb + Pza

Inh + Rif + Moxi

Moxi + Amikacin +
Cyc + Emb + Pza + Proth

Duration
Without
Treatment

12 days

8 days

11 days

13 days

18 days

8 days

9 days

14 days

32 days

4 days

15 days

12 days

Treatment
Outcomes

Completed

Completed

Completed

Completed

Completed

Completed

Completed

Completed

Still

Completed

Completed

Still
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13 Urticaria + Self resolved, tolerated - Amikacin + Cyc Amikacin + Cyc + 3 days Still
Angioedema desensitization + Moxi + PAS Moxi + PAS
15 MPE Treated with - Moxi + Amikacin + Cyc Moxi + Amikacin + 28 days Completed
antihistamines and + Proth + Pza + PAS Cyc + Proth + Pza + Lzd
steroids

17 Self resolved, tolerated Amikacin + Cyc + Moxi Amikacin + Cyc + Transferred
desensitization + PAS + Proth + Pza Moxi + PAS +
Proth + Pza

Treated with
antihistamines and
steroids

Amikacin + Cyc Still
+ Moxi + PAS

+ Proth + Pza

Cyc + Moxi +
Proth + Pza

MPE Amikacin,
PAS
MPE Treated with Pza Inh + Emb 4+ Moxi Amikacin + Emb 24 days
antihistamines + Pza + Strep + Proth + Cyc + Levo

Moxi + PAS + Cyc

Completed

23 Treated with
antihistamines and

steroids

Moxi + PAS + Cyc Completed

(continued)
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Responsible Drug Patie;\;;:\:?:ngiz\\/’?tl}?ped Total NS:;nb;Bcr)zgatients
Isoniazide - 5
Rifampicine - 3
Etanbutol 2 13
Pyazinamide 3 20
Streptomycin - 1
Levofloxacine - 2
Moxifloxacine 2 24
Capreoycine - -
Amikasine 2 16
Para aminosalicylic asid 2 15
Protionamide 1 16
Cycloserine 2 20
Linezolide - 11
Total 14 25

Table 3. Drugs responsible for hypersensitivity

out in experienced centers. Managing drug hy-
persensitivity reactions in patients with drug-
resistant tuberculosis is a complex process that
requires the expertise of several healthcare pro-
viders, including infectious disease specialists,
pulmonologists, allergists/immunologists, and
pharmacists. These specialists can work together to
ensure that the patient receives appropriate and
effective treatment while minimizing the risk of
adverse reactions.

Abbreviation

AGEP, Acute generalized eczematous pustulosis; Cyc,
cycloserine; DRESS, drug rash with eosinophilia and
systemic symptoms; Emb, Ethambutol; Moxi, moxifloxacin;
MDR, Multidrug-resistant; Pre-XDR, Pre-extensive drug
resistance; PAS, Para aminosalicylic asid; Pza, Pyr-
azinamide; Proth, prothionamide; SJS, Steven Johnson
Syndrome; TEN, Toxic Epidermal Necrolysis; XDR, Exten-
sive drug resistance.

Acknowledgements
[ would like to express my special thanks of gratitude to my
mum and my dad.

Funding

This research did not receive any specific grant from
funding agencies in the public, commercial, or not-for-
profit sectors.

Availability of data and materials
Data available on request from the authors.

Authors’ contributions

All authors take part of Conceptualization; Data curation;
Formal analysis; Investigation; Methodology; Validation;
Visualization; Writing-original draft.

Ethics approval and consent to participate

Ethics committee approval of the University of Health
Sciences, Sireyyapasa Chest Diseases and Thoracic
Surgery Training and Research Hospital was obtained for
this study. Written informed consent to participate and
publish was obtained from all individual participants
included in the study.

Author's consent for publication
All authors reviewed and approved the final version for
publication in World Allergy Organization Journal.



10

Katran et al. World Allergy Organization Journal (2023) 16:100778

http://doi.org/10.1016/j.waojou.2023.100778

Declaration of competing interest
The authors have no conflicts of interest to declare.

Author details

“Department of Allergy and Immunology, University of
Health Sciences, Siireyyapasa Training and Research
Hospital, Istanbul, Turkey. bDepartment of Chest Diseases,
University of Health Sciences, Siireyyapasa Training and
Research Hospital, istanbul, Turkey. “Department of Allergy
and Immunology, Dr Ersin Arslan Training and Research
Hospital, Gaziantep, Turkey. “Department of Allergy and
Immunology, Derince Training and Research Hospital,
Kocaeli, Turkey. *Department of Allergy and Immunology,
Diyarbakir Training and Research Hospital, Diyarbakair,
Turkey.

REFERENCES

1.

World Health Organization. Global Tuberculosis Report 2021.
Geneva: World Health Organization; 2021. Licence, CC BY-NC-
SA 3.0 IGO.

. World Health Organization. Guidelines on the Management of

Latent Tuberculosis Infection. World Health Organization;
2015.

. Khan FU, Khan A, Khan FU, et al. Assessment of adverse drug

events, their risk factors, and management among patients
treated for multidrug-resistant TB: a prospective cohort study
from Pakistan. Front Pharmacol. 2022 May 17;13, 876955.
https://doi.org/10.3389/fphar.2022.876955. PMID: 35656303;
PMCID: PMC9152455.

. Massud A, Syed Sulaiman SA, Ahmad N, Shafgat M, Chiau

Ming L, Khan AH. Frequency and management of adverse drug
reactions among drug-resistant tuberculosis patients: analysis
from a prospective study. Front Pharmacol. 2022 Jun 2;13,
883483. https://doi.org/10.3389/fphar.2022.883483. PMID:
35747749; PMCID: PMC9211428.

. Collaborative Group for the Meta-Analysis of Individual Patient

Data in MDR-TB treatment-2017, Ahmad N, Ahuja SD,
Akkerman OW, et al. Treatment correlates of successful
outcomes in pulmonary multidrug-resistant tuberculosis: an
individual patient data meta-analysis. Lancet. 2018 Sep
8;392(10150):821-834. https://doi.org/10.1016/S0140-
6736(18)31644-1. PMID: 30215381; PMCID: PMC6463280.

. Alffenaar JC, Migliori GB, Gumbo T. Multidrug-resistant

tuberculosis: pharmacokinetic and pharmacodynamic science.
Lancet Infect Dis. 2017 Sep;17(9):898. https://doi.org/10.1016/
S1473-3099(17)30449-8. PMID: 28845791.

. Ausi Y, Santoso P, Sunjaya DK, Barliana MI. Between curing and

torturing: burden of adverse reaction in drug-resistant
tuberculosis therapy. Patient Prefer Adherence. 2021 Nov
23;15:2597-2607. https://doi.org/10.2147/PPA.S333111.
PMID: 34848950; PMCID: PMC8627322.

. Republic of Turkey Ministry of Health. Tuberculosis Diagnosis

and Treatment Guide. second ed. Ankara; 2019 [Last accessed
on 2022 Sep 02]. Available from: https://hsgm.saglik.gov.tr/
depo/birimler/tuberkuloz_db/haberler/Tuberkuloz_Tani_Ve_
Tedavi_Rehberi_/Tuberkuloz_Tani_ve_Tedavi_Rehberi.pdf.

. Approach to Drug Hypersensitivity Reactions: Turkish National

Guideline Updated in 2019.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

Demoly P, Adkinson NF, Brockow K, et al. International
Consensus on drug allergy. Allergy. 2014 Apr;69(4):420-437.
https://doi.org/10.1111/all.12350. PMID: 24697291.

Katran ZY, Bulut i, Babalik A, Keren M. Management of type 1
immediate hypersensitivity reactions to antituberculosis drug:
successful desensitization. Allergy Asthma Clin Immunol. 2022
Nov 21;18(1):97. https://doi.org/10.1186/s13223-022-00737-4.
PMID: 36414980; PMCID: PMC9682841.

Bogale L, Tenaw D, Tsegaye T, Abdulkadir M, Akalu TY.

A score to predict the risk of major adverse drug reactions
among multi-drug resistant tuberculosis patients in southern
Ethiopia, 2014-2019. Infect Drug Resist. 2022 Apr 21;15:2055-
2065. https://doi.org/10.2147/IDR.S351076. PMID: 35480059;
PMCID: PMC9037729.

Baluku JB, Nakazibwe B, Naloka J, et al. Treatment outcomes
of drug resistant tuberculosis patients with multiple poor
prognostic indicators in Uganda: a countrywide 5-year
retrospective study. J Clin Tuberc Other Mycobact Dis. 2021
Jan 27;23, 100221. https://doi.org/10.1016/j.jctube.2021.
100221. PMID: 33553682; PMCID: PMC7856462.

Atif M, Ahmed W, Nouman Igbal M, et al. Frequency and
factors associated with adverse events among multi-drug
resistant tuberculosis patients in Pakistan: a retrospective
study. Front Med (Lausanne). 2022 Mar 1;8, 790718. https://
doi.org/10.3389/fmed.2021.790718. PMID: 35300176;
PMCID: PMC8922404.

Sagwa E, Mantel-Teeuwisse AK, Ruswa N, et al. The burden of
adverse events during treatment of drug-resistant tuberculosis
in Namibia. South Med Rev. 2012 Jul;5(1):6-13. Epub 2012 Jul
23. PMID: 23093894; PMCID: PMC3471190.

Breen RA, Miller RF, Gorsuch T, et al. Adverse events and
treatment interruption in tuberculosis patients with and
without HIV co-infection. Thorax. 2006 Sep;61(9):791-794.
https://doi.org/10.1136/thx.2006.058867. Epub 2006 Jul 14.
PMID: 16844730; PMCID: PMC2117099.

Tan WC, Ong CK, Kang SC, Razak MA. Two years review of
cutaneous adverse drug reaction from first line anti-
tuberculous drugs. Med J Malaysia. 2007 Jun;62(2):143-146.
PMID: 18705448.

Bachir M, Guglielmetti L, Tunesi S, et al, Isoniazid Resistance
Group. Isoniazid-monoresistant tuberculosis in France: risk
factors, treatment outcomes and adverse events. Int J Infect
Dis. 2021 Jun;107:86-91. https://doi.org/10.1016/}.ijid.2021.
03.093. Epub 2021 Apr 3. PMID: 33823278.

Micheni LN, Kassaza K, Kinyi H, Ntulume |, Bazira J. Rifampicin
and isoniazid drug resistance among patients diagnosed with
pulmonary tuberculosis in southwestern Uganda. PLoS One.
2021 Oct 29;16(10), e0259221. https://doi.org/10.1371/
journal.pone.0259221. PMID: 34714879; PMCID:
PMC8555815.

Auer C, Mazitov R, Makhmudov A, et al. Factors contributing to
drug-resistant tuberculosis treatment outcome in five countries
in the Eastern Europe and Central Asia region. Monaldi Arch
Chest Dis. 2020 Mar 30;(1):90. https://doi.org/10.4081/
monaldi.2020.1235. PMID: 32231347.

Lan Z, Ahmad N, Baghaei P, et al. Collaborative Group for the
Meta-Analysis of Individual Patient Data in MDR-TB treatment
2017. Drug-associated adverse events in the treatment of
multidrug-resistant tuberculosis: an individual patient data
meta-analysis. Lancet Respir Med. 2020 Apr;8(4):383-394.


http://refhub.elsevier.com/S1939-4551(23)00038-8/sref1
http://refhub.elsevier.com/S1939-4551(23)00038-8/sref1
http://refhub.elsevier.com/S1939-4551(23)00038-8/sref1
http://refhub.elsevier.com/S1939-4551(23)00038-8/sref2
http://refhub.elsevier.com/S1939-4551(23)00038-8/sref2
http://refhub.elsevier.com/S1939-4551(23)00038-8/sref2
https://doi.org/10.3389/fphar.2022.876955
https://doi.org/10.3389/fphar.2022.883483
https://doi.org/10.1016/S0140-6736(18)31644-1
https://doi.org/10.1016/S0140-6736(18)31644-1
https://doi.org/10.1016/S1473-3099(17)30449-8
https://doi.org/10.1016/S1473-3099(17)30449-8
https://doi.org/10.2147/PPA.S333111
https://hsgm.saglik.gov.tr/depo/birimler/tuberkuloz_db/haberler/Tuberkuloz_Tani_Ve_Tedavi_Rehberi_/Tuberkuloz_Tani_ve_Tedavi_Rehberi.pdf
https://hsgm.saglik.gov.tr/depo/birimler/tuberkuloz_db/haberler/Tuberkuloz_Tani_Ve_Tedavi_Rehberi_/Tuberkuloz_Tani_ve_Tedavi_Rehberi.pdf
https://hsgm.saglik.gov.tr/depo/birimler/tuberkuloz_db/haberler/Tuberkuloz_Tani_Ve_Tedavi_Rehberi_/Tuberkuloz_Tani_ve_Tedavi_Rehberi.pdf
https://doi.org/10.1111/all.12350
https://doi.org/10.1186/s13223-022-00737-4
https://doi.org/10.2147/IDR.S351076
https://doi.org/10.1016/j.jctube.2021.100221
https://doi.org/10.1016/j.jctube.2021.100221
https://doi.org/10.3389/fmed.2021.790718
https://doi.org/10.3389/fmed.2021.790718
http://refhub.elsevier.com/S1939-4551(23)00038-8/sref15
http://refhub.elsevier.com/S1939-4551(23)00038-8/sref15
http://refhub.elsevier.com/S1939-4551(23)00038-8/sref15
http://refhub.elsevier.com/S1939-4551(23)00038-8/sref15
https://doi.org/10.1136/thx.2006.058867
http://refhub.elsevier.com/S1939-4551(23)00038-8/sref17
http://refhub.elsevier.com/S1939-4551(23)00038-8/sref17
http://refhub.elsevier.com/S1939-4551(23)00038-8/sref17
http://refhub.elsevier.com/S1939-4551(23)00038-8/sref17
https://doi.org/10.1016/j.ijid.2021.03.093
https://doi.org/10.1016/j.ijid.2021.03.093
https://doi.org/10.1371/journal.pone.0259221
https://doi.org/10.1371/journal.pone.0259221
https://doi.org/10.4081/monaldi.2020.1235
https://doi.org/10.4081/monaldi.2020.1235
https://doi.org/10.1016/j.waojou.2023.100778

Volume 16, No. 5, Month 2023

22.

23.

24.

https://doi.org/10.1016/52213-2600(20)30047-3. Epub 2020
Mar 17. PMID: 32192585; PMCID: PMC7384398.

Pecho-Silva S, Navarro-Solsol AC. First case report in Latin
America: oral treatment of multidrug-resistant tuberculosis
with delamanid and bedaquiline in combination with linezolid,
moxifloxacin and clofazimine following a DRESS syndrome in a
peruvian patient. Pulmonology. 2021 Jan-Feb;27(1):77-79.
https://doi.org/10.1016/j.pulmoe.2020.03.005. Epub 2020
May 20. PMID: 32444311.

Akula SK, Aruna AS, Johnson JE, Anderson DS. Cycloserine-
induced Stevens-Johnson syndrome in an AIDS patient with
multidrug-resistant tuberculosis. Int J Tubercul Lung Dis. 1997
Apr;1(2):187-190. PMID: 9441086.

Kura MM, Sodhi A, Chavhan S, Kadu P. Lichenoid drug
eruption progressing into erythroderma in A case of cervical
scrofuloderma due to multi drug-resistant tuberculosis. Indian

25.

26.

27.

11

J Dermatol. 2022 Jan-Feb;67(1):77-79. https://doi.org/10.
4103/ijd.ijd_169_21. PMID: 35656242; PMCID: PMC9154166.

Sharma RK, Verma GK, Tegta GR, Sood S, Rattan R, Gupta M.
Spectrum of cutaneous adverse drug reactions to anti-
tubercular drugs and safe therapy after Re-challenge - a
retrospective study. Indian Dermatol Online J. 2020 Mar
9:;11(2):177-181. https://doi.org/10.4103/idoj.IDOJ_133_19.
PMID: 32477975; PMCID: PMC7247648.

Joint T. Chemotherapy and management of tuberculosis in the
United Kingdom: recommendations 1998. Joint tuberculosis
committee of the British thoracic society. Thorax. 1998
Jul;53(7):536-548. PMID: 9797751; PMCID: PMC1745276.

Rezakovic S, Pastar Z, Kostovic K. Cutaneous adverse drug
reactions caused by antituberculosis drugs. Inflamm Allergy
Drug Targets. 2014;13(4):241-248. https://doi.org/10.2174/
1871528113666140717113358. PMID: 25039910.


https://doi.org/10.1016/S2213-2600(20)30047-3
https://doi.org/10.1016/j.pulmoe.2020.03.005
http://refhub.elsevier.com/S1939-4551(23)00038-8/sref23
http://refhub.elsevier.com/S1939-4551(23)00038-8/sref23
http://refhub.elsevier.com/S1939-4551(23)00038-8/sref23
http://refhub.elsevier.com/S1939-4551(23)00038-8/sref23
https://doi.org/10.4103/ijd.ijd_169_21
https://doi.org/10.4103/ijd.ijd_169_21
https://doi.org/10.4103/idoj.IDOJ_133_19
http://refhub.elsevier.com/S1939-4551(23)00038-8/sref26
http://refhub.elsevier.com/S1939-4551(23)00038-8/sref26
http://refhub.elsevier.com/S1939-4551(23)00038-8/sref26
http://refhub.elsevier.com/S1939-4551(23)00038-8/sref26
https://doi.org/10.2174/1871528113666140717113358
https://doi.org/10.2174/1871528113666140717113358

	Drug hypersensitivity in drug-resistant tuberculosis
	Introduction
	Material – methods
	Results
	Discussion
	AbbreviationAGEP, Acute generalized eczematous pustulosis; Cyc, cycloserine; DRESS, drug rash with eosinophilia and systemi ...
	Abbreviation
	AcknowledgementsI would like to express my special thanks of gratitude to my mum and my dad.
	Acknowledgements
	FundingThis research did not receive any specific grant from funding agencies in the public, commercial, or not-for-profit  ...
	Funding
	Availability of data and materialsData available on request from the authors.
	Availability of data and materials
	Authors' contributionsAll authors take part of Conceptualization; Data curation; Formal analysis; Investigation; Methodolog ...
	Authors' contributions
	Ethics approval and consent to participateEthics committee approval of the University of Health Sciences, Süreyyapaşa Chest ...
	Ethics approval and consent to participate
	Author's consent for publicationAll authors reviewed and approved the final version for publication in World Allergy Organi ...
	Author's consent for publication
	Declaration of competing interestThe authors have no conflicts of interest to declare.
	Declaration of competing interest
	References


