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Highlights box 43 

What is already known about this topic?  44 

Antituberculous drug-induced drug reaction with eosinophilia and systemic symptom 45 

(DRESS) usually appear as multi-drug hypersensitivity reactions resulting in limited 46 

antituberculous drug choices at resuming antituberculous treatment and increased treatment 47 

interruption. 48 

What does this article add to our knowledge? 49 

Resuming anti-TB medication based on desensitization protocols may be a safe and effective 50 

option for those with antituberculous drug-related DRESS compared to changing all the drugs 51 

and graded challenge method. 52 

How does this study impact current management guidelines? 53 

Desensitization protocol to resume antituberculous medication in DRESS patients might 54 

contribute to the control of tuberculosis by enabling effective and safe antituberculous 55 

treatment if it can be appropriately performed and closely monitored.  56 
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Abstract 57 

Background: Patients who suffered drug reaction with eosinophilia and systemic symptom 58 

(DRESS) during the treatment of tuberculosis (TB) commonly experience multi-drug 59 

hypersensitivity reactions resulting in limited anti-TB drug choices. Therefore, reintroduction 60 

based on desensitization protocol may be an option to resume anti-TB medication.  61 

Objective: To evaluate the outcomes and safety of resuming anti-TB drugs according to 62 

reintroduction methods in patients with anti-TB drug-related DRESS. 63 

Methods: A retrospective cohort of patients who had experienced anti-TB drug-related 64 

SCARs from 2011 to 2017 was established from separate five institutions. 65 

Results: Anti-TB medication was resumed in 27 out of 29 patients with anti-TB drug-related 66 

DRESS through complete changing regimen (n=9), reintroduction by graded challenge (n=5), 67 

or reintroduction using desensitization protocol (n=13). Nine patients completely changed 68 

their anti-TB regimen to second-line TB drugs but only one (11.1%) succeeded in 69 

maintaining new anti-TB drugs. The other eight failed to take drugs due to the occurrence of 70 

hypersensitivity reactions to the newly introduced anti-TB drugs. Two (40.0%) of five 71 

patients who underwent graded rechallenges successfully completed anti-TB drugs while 72 

three (60%) failed to resume anti-TB drugs due to the recurrence of hypersensitivity reactions. 73 

In 13 patients who resumed anti-TB drugs using desensitization protocol, no one who 74 

underwent desensitization developed recurrence of DRESS; 11 (84.6%) eventually completed 75 

anti-TB treatment and two eventually failed to complete anti-TB treatment due to late onset 76 

itching and drug induced liver injury. 77 

Conclusions: Resuming anti-TB medication based on desensitization protocols may be a safe 78 

and effective option for those with anti-TB drug-related DRESS. 79 

 80 
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Abbreviations  83 

TB: Tuberculosis 84 

SCARs: Severe cutaneous adverse reactions 85 

DRESS: Drug reaction with eosinophilia and systemic symptoms 86 

SJS: Stevens–Johnson syndrome 87 

TEN: Toxic epidermal necrolysis 88 

BTR: Breakthrough reactions 89 

DILI: Drug-induced liver injury  90 

Jo
urn

al 
Pre-

pro
of



6 

Introduction 91 

Tuberculosis (TB), one of the leading causes of death from a single infectious disease, is 92 

still a significant threat to human health and the number of affected patients reached 10.0 93 

million in 2017.
1
 The anti-TB treatment takes 6–9 months and sometimes longer; therefore, 94 

adherence to treatment is critical for cure. Drug hypersensitivity reactions or adverse 95 

reactions to anti-TB drugs are the leading cause of drug changes or discontinuation. 96 

Severe cutaneous adverse reactions (SCARs) including drug reaction with eosinophilia 97 

and systemic symptoms (DRESS) syndrome, Stevens–Johnson syndrome (SJS), and toxic 98 

epidermal necrolysis (TEN), are rare but potentially life-threatening delayed drug 99 

hypersensitivity reactions. The mortality rates associated with DRESS, SJS, and TEN are 100 

estimated at up to 10%, 5–10%, and 25-38%, respectively.
2, 3

 Once SCARs are diagnosed, 101 

culprit drug(s) should be discontinued promptly, and reintroduction of the culprit drugs is 102 

contraindicated due to the risk of SCAR recurrence.  103 

However, in cases of SCARs related to anti-TB drugs, anti-TB drugs need to be resumed 104 

for the treatment of underlying TB infection. Although the reintroduction of the first-line anti-105 

TB drugs is ideal, it is difficult to choose safe anti-TB drugs because the culprit drug(s) 106 

cannot be easily determined due to simultaneous administration of multiple drugs at the time 107 

of the index reaction. Avoiding all the drugs administered to patients with SCARs is generally 108 

recommended for the fear of recurrence, but drug hypersensitivity reactions are still 109 

frequently observed even after changing all the drugs previously administered, particularly in 110 

DRESS cases. This characteristic feature of multiple drug hypersensitivity in anti-TB drug-111 

related DRESS makes it more difficult to resume anti-TB medications, and currently there is 112 

no standardized recommendation for the resumption of anti-TB drugs in these patients. 113 

Desensitization is a stepwise administration of allergen starting from a subthreshold dose 114 

to full therapeutic dose to induce tolerance. Sometimes, a similar desensitization protocol can 115 

Jo
urn

al 
Pre-

pro
of



7 

be applied to reduce the risk of sensitization to drugs with allergenic potential in high-risk 116 

patients in ‘tolerance induction’.
4, 5

 Therefore, adopting a desensitization protocol may be a 117 

reasonable option for patients with anti-TB drug-related DRESS to resume anti-TB 118 

medication, but its clinical usefulness and safety are not validated. 119 

The purpose of this multicenter study was to compare the outcomes and safety of 120 

reintroduction methods in patients with anti-TB drug-related DRESS.  121 
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Methods 122 

Patient selection 123 

A retrospective cohort of patients with anti-TB drug-related SCARs was established 124 

from five different institutions between January 2011 and December 2017 using the Korean 125 

SCAR registry, and their medical records were thoroughly reviewed. The inclusion criteria 126 

for patients with anti-TB drug-associated SCARs were as follows: patients aged 19 years or 127 

older, who were diagnosed with TB, and who developed SCARs due to an anti-TB drug. 128 

SCARs were diagnosed according to the RegiSCAR scoring system, which includes the 129 

following criteria for DRESS: fever ≥ 38.5°C, eosinophilia (eosinophils ≥ 0.7 × 10
9
/L or ≥ 10% 130 

if white blood cells < 4.0 × 10
9
/L), enlarged lymph nodes, atypical lymphocytes, skin 131 

involvement, organ involvement (liver, kidney, lung, heart, bone marrow, or central nervous 132 

system), prolonged time to resolution (≥ 15 days), and exclusion of other causes. We 133 

considered those with RegiSCAR score ≥ 4 as DRESS.
6
 The following were the criteria for 134 

SJS/TEN: hospitalization, widespread exanthema with 1 to <10% of skin detachment; more 135 

than one blister, not only acral involvement, with or without mucous membrane erosions.
7
 136 

The causality assessment of anti-TB drugs as the culprit drugs was performed using World 137 

Health Organization-Uppsala Monitoring Center (WHO-UMC) causality assessment system, 138 

and cases assessed as ‘certain’ or ‘probable’ were included. 139 

 140 

Anti-TB drug reintroduction methods 141 

Three different anti-TB drug reintroduction methods were used for patients with anti-TB 142 

drug-related SCARs. The first approach was changing all drugs included in the anti-TB 143 

regimen which resulted in SCARs and introducing full therapeutic doses of alternative drugs. 144 

The second approach was graded challenge of anti-TB drugs which resulted in SCARs. The 145 

discontinued drugs were re-administered one at a time, two to three days apart as shown 146 
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Table 1. The third approach was tolerance induction based on desensitization protocol starting 147 

from a dose lower than 1/10,000 of the recommended dose and increasing gradually at two-148 

hour intervals as shown in Table 2. The time interval was modified in some cases to 3 hours 149 

for drugs that caused breakthrough reactions (BTR) on reintroduction
8, 9

 (Table E1). 150 

 151 

Patch test 152 

Patch test was done using the Finn chamber (diameter 8 mm) method as described 153 

previously with 0.02 mL of drugs that had been taken when SCARs had occurred, diluted 10% 154 

in petrolatum.
10

 Patches were applied on dry, non-hairy sections of the upper back after 155 

cleansing with ethanol.
11

 The patients returned for reading of the results after 48 h and 72 h, 156 

and the results were graded per the International Contact Dermatitis Research Group 157 

criteria.
12

 158 

 159 

Data collection and outcomes 160 

All data were collected from electronic medical records, including demographic 161 

characteristics, latency periods, clinical features of the allergic reactions, responses to 162 

reintroduction, and outcomes of anti-TB treatment. The primary outcome was successful 163 

resumption of anti-TB drugs, and the secondary outcome was completion of anti-TB 164 

treatment. Resumption was regarded as successful if therapeutic doses of anti-TB were 165 

maintained without the development of clinically significant hypersensitivity reactions. The 166 

resumption was considered unsuccessful if anti-TB drug administration could not be 167 

maintained because of flare-up reactions or any other adverse drug reactions. Anti-TB 168 

treatment was considered completed when the treatment was ceased by physicians based on 169 

evidence of clinical recovery after anti-TB treatment according to TB guidelines.
13

 170 

 171 
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Ethics statement 172 

This study has been approved by the Institutional Review Board (IRB) of Seoul National 173 

University Hospital (IRB No. 1408-021-601). The board waived the need for informed 174 

consent.  175 
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Results 176 

Patient characteristics 177 

Thirty-one patients with anti-TB drug-associated SCARs were recruited, including 29 178 

cases of DRESS and 2 cases of SJS. Analyzing 29 DRESS patients, their median age was 51 179 

years, ranging from 22 to 81 years, and 45% of them were male (Table 3). None of the 180 

patients had a previous history of drug allergies. Patients were treated for active TB infections 181 

with first-line drugs only (n = 22), second-line drugs only (n = 2), or combinations of first 182 

and second-line anti-TB drugs (n = 5). The median duration of anti-TB medication before the 183 

development of SCARs was 28 days (interquartile range 6–194 days). Other clinical 184 

characteristics are presented in Table 3. 185 

 186 

Causative drugs in anti-TB drug-associated DRESS  187 

Causality of culprit drugs was assessed by WHO-UMC criteria. Although it was difficult 188 

to clearly determine the culprit drug(s) as patients were on multiple anti-TB drugs 189 

simultaneously at the time of the DRESS development, anti-TB drug(s) with certain or 190 

probable causality were identified, at least in part, in 20 patients based on recurrence of 191 

hypersensitivity reactions during reintroduction or positive patch test results. 192 

Most of the study patients were not able to hold off on anti-TB treatment to perform 193 

patch test for a prolonged period because of their active TB infections. Therefore, patch tests 194 

were performed in 9 patients between 6 weeks and 6 months after gross resolution of the 195 

cutaneous lesions with at least one month of systemic corticosteroids free period. Six of them 196 

were patch test positive (66.7%), and all of them showed multidrug hypersensitivity to at 197 

least two different agents; four patients showed positivity to two drugs and the other two 198 

patients showed positivity to three drugs (Table E2, Supplementary figure E1). Based on the 199 

results of reintroduction or patch tests, median 2 drugs (range = 1-5) per case showed 200 
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reactivity. 201 

Three different approaches for the re-administration of anti-TB medications in patients 202 

with DRESS  203 

Anti-TB medications were resumed in 27 patients with DRESS (Figure 1) using three 204 

different approaches and 19 patients eventually completed anti-TB treatment (19/29, 65.5%). 205 

The anti-TB drugs could not be reintroduced in two patients; one patient died due to 206 

aggravation of underlying acute myeloid leukemia and the other patient was lost to follow-up. 207 

First, nine patients who experienced SCARs during the treatment with the first-line anti-208 

TB drugs had their anti-TB medication changed to unexposed second-line anti-TB drugs. 209 

However, despite complete avoidance of potential culprit drugs, 8 patients (88.9%) 210 

experienced drug hypersensitivity reactions to the newly introduced second-line anti-TB 211 

drugs. Only one patient, who successfully resumed and maintained anti-TB treatment, 212 

underwent patch test before reintroduction and anti-TB drugs were selected based on the 213 

result of a patch test. 214 

Second, graded challenges with previously administered anti-TB drugs were performed 215 

in five patients; two of them (40.0%) completed anti-TB treatment without any problems, but 216 

three patients failed to maintain anti-TB treatment due to flare-up reactions. Two of the three 217 

patients developed generalized rash on the day of drug challenge, and the other patient 218 

developed generalized rash two days later. These three patients resumed anti-TB medication 219 

with previously unexposed drugs by graded challenge and succeeded in maintenance of anti-220 

TB medication. 221 

Third, a total of 13 patients underwent desensitization with previously administered anti-222 

TB drugs at the onset of DRESS: 11 patients with first-line anti-TB drugs and two patients 223 

with second-line anti-TB drugs. All of them reached the therapeutic doses without any serious 224 

hypersensitivity reactions and 11 patients (84.6%) could maintain and eventually complete 225 
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anti-TB treatment. In addition, four patients underwent desensitization protocol as a second 226 

step after the development of hypersensitivity reaction in spite of changing all drugs as the 227 

first step (Figure 1). Altogether, a total of 17 patients underwent desensitization to previously 228 

administered anti-TB drugs and 15 (88.2%) successfully completed anti-TB treatment. 229 

Among 14 patients (82.4%) who experienced BTRs during the desensitization process, 12 230 

patients had mild cutaneous reactions which were adequately managed with antihistamine 231 

and two patients developed mild increase of liver enzymes recovered after temporary 232 

withhold of the drugs. The success rate was varied by drugs (Table E3). 233 

 234 

Clinical course of patients who failed to resume anti-TB medication 235 

Eight out of 9 patients with DRESS who were re-initiated with previously unexposed 236 

second-line anti-TB drugs failed to maintain anti-TB treatment. Three patients gave up the 237 

anti-TB treatment since two of them developed flare up of DRESS and the other had severe 238 

generalized rash and itching despite complete avoidance of the suspected culprit drugs. Five 239 

patients tried resumption of anti-TB treatment again; one of them underwent graded 240 

challenge but the anti-TB treatment was stopped due to recurrence of DRESS. The other four 241 

patients were started on desensitization and two of them (50%) finally succeeded in 242 

maintaining anti-TB medication (Figure 1). 243 

Three of five patients who underwent a graded challenge experienced maculopapular 244 

eruptions; two of them developed the rash on the day of isoniazid reintroduction and the other 245 

patient developed the rash three days after taking cycloserin and prothionamide. 246 

Two of 13 patients who underwent desensitization as a first step eventually discontinued 247 

anti-TB treatment due to the late onset adverse drug reactions after initially successful 248 

desensitization; one discontinued anti-TB drugs due to persistent itching and the other patient 249 

stopped the drugs due to newly developed drug-induced liver injury (DILI) without any skin 250 
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manifestations. Among four patients who underwent desensitization as a second step after the 251 

failure to resume anti-TB medication by changing all drugs, two eventually failed to maintain 252 

the anti-TB medications because of DILI.  253 

 254 

Two Cases of SJS 255 

In two cases of SJS, patch testing was performed in one patient before reintroduction of 256 

anti-TB drugs and showed positivity to two different agents (PZA, EMB). Two patients with 257 

SJS underwent desensitization with previously administered anti-TB drugs except for the 258 

culprit drugs and eventually completed anti-TB treatment by adding some previously 259 

unexposed second-line anti-TB drugs.   260 
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Discussion 261 

Our study shows that desensitization can be considered a safe and generally well 262 

tolerated option in patients who developed anti-TB drug-related DRESS especially when 263 

there are no effective alternative drugs. So far, there has been no evidence-based 264 

recommendation to perform desensitization in patients who experience DRESS. This study 265 

shows the result that favors the implementation of desensitization in patients with anti-TB 266 

drug-related DRESS to resume anti-TB medication; desensitization seems to be an effective 267 

and safer option when compared to graded challenges or resuming with unexposed drugs. 268 

Table 4 summarizes the general information for each treatment.  269 

If anti-TB medication-related hypersensitivity reactions are suspected, it is 270 

recommended to discontinue all the drugs and reintroduce by graded challenges with 271 

previously administered drugs. However, in cases of DRESS, graded challenges have a high 272 

risk of eliciting another severe hypersensitivity reaction. In fact, 60% of patients who 273 

attempted a graded challenge failed to achieve maintenance treatment in this study. If 274 

causative agents could be identified, it would be much safer to perform graded challenges 275 

without the culprit agents. However, identifying the culprit drugs is difficult because there is 276 

no test with satisfactory sensitivity and specificity in real practice. A Cochrane review of T 277 

cell mediated sulfonamide antibiotic hypersensitivity showed that the fewer discontinuation 278 

rate with desensitization when compared to the full dose rechallenge.
14

 This finding is 279 

potentially relevant in the setting of resuming anti-TB treatment in DRESS as discontinuation 280 

rate should be kept to a minimum while the treatment needs to be restarted quickly. 281 

 Patch tests can be applied to patients with delayed cutaneous hypersensitivity reactions 282 

but only a few detailed studies have determined their sensitivity and specificity. In DRESS, 283 

patch test sensitivity is reported to be between 32% to 64% depending on the drug.
15

 While 284 

the specificity is generally considered high, false-positivity can occur due to irritation. 285 
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Therefore, multiple positivity in patch test could be due to false-positivity. On the other hand, 286 

DRESS often shows multiple drug hypersensitivity (MDH), therefore multiple positivity in 287 

this setting could be true positive.
16-19

 There is in vivo test for immunological mechanism of 288 

MDH analyzing peripheral blood, drug-reactive T cells are found in a pre-activated cell 289 

fraction which may lead a lower threshold for activation by drugs.
20, 21

 In several in vitro 290 

studies comparing MDH and mono allergy patients, sustained T-cell activation was found 291 

from MDH.
17

 It could be an explanation for patch tests were positive to > 1 drug. 292 

In addition, patch tests cannot be performed on inflamed skin during the active phase of 293 

DRESS. Since resuming anti-TB medication should not be delayed due to the risk of TB 294 

reactivation and development of drug resistance, it is not ideal to postpone anti-TB 295 

medication long enough for skin to recover for patch test. As a result, in this study, only two 296 

cases could undergo patch testing before the first reintroduction of anti-TB medication. 297 

In this setting, lymphocyte transformation tests can be performed, however, it is not 298 

readily available and is operator dependent.
17, 22

 In addition, the sensitivity is not well 299 

established and varies according to the drug, and there is no standardized protocol for anti-TB 300 

drugs. An intradermal test can also be considered to evaluate culprit agents but it was not 301 

appropriate to perform in the acute phase and is not readily available for drugs that are some 302 

drugs. 303 

Changing all the drugs to previously unexposed drugs is one of the reintroduction 304 

options. However, in the cases of anti-TB treatment, conversion to the second line drugs is 305 

unfavorable in terms of drug efficacy and duration of treatment, therefore it is often difficult 306 

to complete the treatment of TB. Furthermore, in patients with anti-TB drug-related DRESS, 307 

multiple drug hypersensitivity reaction can occur where drugs without immunologic memory 308 

or even newly administered drugs can provoke hypersensitivity reactions.
21, 23

 Clinically, it is 309 

difficult to distinguish whether the drugs that induce hypersensitivity reactions are true 310 
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allergic reaction with accompanying drug-specific T cell response or whether the symptoms 311 

involve non-specific activation of the immune system without memory response. In either 312 

cases, reintroduction of drugs can result in recurrence of hypersensitivity reactions 313 

resembling DRESS. In this study, 89% of patients resuming anti-TB drugs that had not been 314 

administered previously experienced hypersensitivity reactions. Therefore, anti-TB drugs 315 

should be re-administered with caution. 316 

Reintroduction of potential culprit agents is generally contraindicated in patients with 317 

DRESS because the potential risk of DRESS recurrence.
24

 However, given dose-dependent T 318 

cell response in DRESS,
25

 desensitization may result in less severe reaction or tolerance 319 

induction. Therefore, desensitization protocol can be considered as an alternative option in 320 

resuming anti-TB drugs including potential culprit drugs and this study shows promising 321 

results. 322 

Drug desensitization is a method to induce an ‘immune tolerance’ state of the immune 323 

system to the therapeutic dose of a culprit drug by gradually increasing the amount of drug 324 

from a very small amount below 1/10,000 of the dose inducing hypersensitivity reactions. In 325 

the past, desensitization was mainly implemented for immunoglobulin E-mediated immediate 326 

hypersensitivity reactions, but it has also been used for T-cell-mediated delayed 327 

hypersensitivity reactions recently.
4
 328 

In recent years, the results of desensitization therapy performed in patients with delayed 329 

hypersensitivity reactions have been reported; success rates were dependent on the type of 330 

drug, clinical features, and desensitization protocols.
4
 Since Holland et al. had reported rapid 331 

desensitization to isoniazid and rifampin in 1990,
26

 successful cases of desensitization to anti-332 

TB drugs through oral and intravenous antibiotics have been reported for various anti-TB 333 

drugs.
8, 9, 27-29

 However, there is no standardized protocol or guideline for the desensitization 334 

of delayed type hypersensitivity induced by anti-TB drugs currently, and its mechanism of 335 
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tolerance induction is not clearly known, especially for cases of DRESS. 336 

 The exact mechanism behind desensitization in T cell hypersensitivity is unknown. It 337 

was shown that Treg population was increased after desensitization in patients with fixed 338 

drug eruption.
30

 Therefore, it is plausible that antigen-reactive T-cells might be controlled by 339 

these enhanced Tregs. In the study of T cells reactivity in allopurinol hypersensitivity, the T 340 

cell response was remarkably decreased from a dose as low as 1/100, and the dose-response 341 

curve showed remarkable steepness.
25

 Therefore, it can be speculated that desensitization 342 

from a very small dose can bypass the antigen-reactive T-cell reaction by avoiding the 343 

threshold to activate T cells. Although the rapid desensitization protocol is usually 344 

implemented in an immediate response, there are several cases in which desensitization was 345 

performed by rapid protocol in case of non-immediate hypersensitivity due to antibiotics and 346 

chemotherapy agents with high success rate, but the mechanism is not yet known.
31-33

 347 

In general, almost 60–80% of patients who were hypersensitive to standard anti-TB 348 

treatment can continue the standard first-line treatment without discontinuing anti-TB drugs 349 

through desensitization protocol.
34-36

 The results of the current study also support the 350 

application of desensitization protocol even in cases of anti-TB drug-related DRESS. 351 

In terms of safety, although BTRs developed during the build-up period in 82.4% (14/17) 352 

of patients who underwent desensitization, all of them were mild ones resolved with 353 

temporary discontinuation of the drug and none of them progressed to recurrence of DRESS. 354 

Therefore, it seems to be safer than reintroducing by other methods such as graded challenges 355 

or changing to previously unexposed drugs. Based on the findings of this study as well as the 356 

previous reports on resuming anti-TB drugs in patients with DRESS, reintroduction based on 357 

desensitization protocol may be considered a safer option to resume anti-TB treatment. 358 

Despite the successful build up to therapeutic dose, maintenance treatment may fail 359 

because of the delayed onset adverse reactions. In this study, there was three patient with 360 
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DRESS who presented with DILI; while two patients failed to maintain the anti-TB 361 

medications due to elevation of liver enzymes with skin symptom during desensitization, the 362 

other one had unexpected liver enzyme elevations one month after resuming anti-TB 363 

medication based on desensitization protocol. However, it is unclear whether or not DILI was 364 

related to relapse of DRESS. Considering the absence of cutaneous reactions or other 365 

characteristic features of DRESS, the isolated DILI case developed one month later might 366 

have been a separate event unrelated to the anti-TB drugs induced SCAR. However, given 367 

DILI is also T cell mediated, immunologic activation could not be ruled out. There was one 368 

patient who presented with delayed onset chronic itching, but the clinical manifestation was 369 

not consistent with the relapse of DRESS. Therefore, it is necessary to further evaluate 370 

whether these delayed onset drug reactions may be related to the initial DRESS. 371 

The limitations of this study are its retrospective design and the lack of patch testing 372 

results in some patients. DRESS usually take several weeks for the resolution of skin lesions 373 

and tapering of immune suppressants. In previous studies, patch tests were performed 6 374 

weeks to 6 months after complete healing of cutaneous adverse drug reactions
11

 and at least 1 375 

month after discontinuing systemic corticosteroids
10

 but timely patch testing for the 376 

reintroduction of anti-TB drugs is difficult in reality. Since this is an uncontrolled 377 

retrospective cohort study, selection bias could have occurred in choosing the re-378 

administration method. While there is no proven severity index of DRESS, based on the 379 

RegiSCAR score of DRESS at the time of the diagnosis, the patients who had undergone 380 

desensitization were not less severe (median 5, range 4 to 8) compared to those who 381 

underwent graded challenge (median 5, range 4 to 6) and those who changed all drugs 382 

(median 6, range 4 to 7). The study was also limited by a small heterogeneous cohort and 383 

non-standardized desensitization protocols implemented for the reintroduction of anti-TB 384 

drugs. Although a rapid desensitization protocol in which the dose is doubled every 15 385 
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minutes is widely used for immediate hypersensitivity reactions, there are only a few studies 386 

that have validated protocols for delayed hypersensitivity, especially in DRESS. Therefore, 387 

more researches looking at different protocols are required to establish standard 388 

desensitization protocols for cases of anti-TB drug-related DRESS. In addition, since the 389 

number of patients who underwent graded challenge or those with SJS were small, a future 390 

larger study including not only DRESS but also SJS with different reintroduction methods is 391 

needed. 392 

Despite these limitations, desensitization protocol to resume anti-TB medication in 393 

DRESS patients might contribute to the control of TB reducing treatment interruption by 394 

enabling effective and safe anti-TB treatment if it can be appropriately performed and closely 395 

monitored. 396 

In conclusion, the implementation of a desensitization protocol for anti-TB drug-397 

associated DRESS is a safe and effective way to resume anti-TB drug administration and 398 

long-term monitoring is needed to detect delayed reactions.  399 

Jo
urn

al 
Pre-

pro
of



21 

References 400 

1. World Health Organization., Global Tuberculosis Programme. Global tuberculosis control : 401 

WHO report. Geneva: Global Tuberculosis Programme:15 volumes. 402 

2. Cacoub P, Musette P, Descamps V, Meyer O, Speirs C, Finzi L, et al. The DRESS syndrome: 403 

a literature review. Am J Med 2011; 124:588-97. 404 

3. Weinand C, Xu W, Perbix W, Lefering R, Maegele M, Rathert M, et al. 27 years of a single 405 

burn centre experience with Stevens-Johnson syndrome and toxic epidermal necrolysis: 406 

analysis of mortality risk for causative agents. Burns 2013; 39:1449-55. 407 

4. Scherer K, Brockow K, Aberer W, Gooi JH, Demoly P, Romano A, et al. Desensitization in 408 

delayed drug hypersensitivity reactions -- an EAACI position paper of the Drug Allergy 409 

Interest Group. Allergy 2013; 68:844-52. 410 

5. Jung J-W, Kim D-K, Park H-W, Oh K-H, Joo K-W, Kim Y-S, et al. An effective strategy to 411 

prevent allopurinol-induced hypersensitivity by HLA typing. Genetics In Medicine 2015; 412 

17:807. 413 

6. Kardaun SH, Sidoroff A, Valeyrie-Allanore L, Halevy S, Davidovici BB, Mockenhaupt M, et 414 

al. Variability in the clinical pattern of cutaneous side-effects of drugs with systemic 415 

symptoms: does a DRESS syndrome really exist? Br J Dermatol 2007; 156:609-11. 416 

7. Fagot JP, Mockenhaupt M, Bouwes-Bavinck JN, Naldi L, Viboud C, Roujeau JC, et al. 417 

Nevirapine and the risk of Stevens-Johnson syndrome or toxic epidermal necrolysis. AIDS 418 

2001; 15:1843-8. 419 

8. Lee A-R, Kim SJ, Kim J, Park J-H, Lee J-K, Kim J-Y, et al. Successful desensitization for 420 

antitubercular drugs. Allergy, Asthma & Respiratory Disease 2013; 1:395-9. 421 

9. Moon SD, Won HK, Cho J-Y, Kang M-K, Kim J-Y, Park H-K, et al. Successful 422 

readministration of second-line antituberculous agents in a patient with near-fatal drug 423 

reaction with eosinophilia and systemic symptoms (DRESS) syndrome. Allergy, Asthma & 424 

Respiratory Disease 2015; 3:297-301. 425 

10. Johansen JD, Aalto-Korte K, Agner T, Andersen KE, Bircher A, Bruze M, et al. European 426 

Society of Contact Dermatitis guideline for diagnostic patch testing - recommendations on 427 

Jo
urn

al 
Pre-

pro
of



22 

best practice. Contact Dermatitis 2015; 73:195-221. 428 

11. Mahajan VK, Handa S. Patch testing in cutaneous adverse drug reactions: methodology, 429 

interpretation, and clinical relevance. Indian J Dermatol Venereol Leprol 2013; 79:836-41. 430 

12. Wilkinson DS, Fregert S, Magnusson B, Bandmann HJ, Calnan CD, Cronin E, et al. 431 

Terminology of contact dermatitis. Acta Derm Venereol 1970; 50:287-92. 432 

13. Migliori GB, Sotgiu G, Rosales-Klintz S, Centis R, D'Ambrosio L, Abubakar I, et al. 433 

ERS/ECDC Statement: European Union standards for tuberculosis care, 2017 update. Eur 434 

Respir J 2018; 51. 435 

14. Khan DA, Knowles SR, Shear NH. Sulfonamide Hypersensitivity: Fact and Fiction. J Allergy 436 

Clin Immunol Pract 2019; 7:2116-23. 437 

15. Phillips EJ, Bigliardi P, Bircher AJ, Broyles A, Chang YS, Chung WH, et al. Controversies in 438 

drug allergy: Testing for delayed reactions. J Allergy Clin Immunol 2019; 143:66-73. 439 

16. Santiago LG, Morgado FJ, Baptista MS, Goncalo M. Hypersensitivity to antibiotics in drug 440 

reaction with eosinophilia and systemic symptoms (DRESS) from other culprits. Contact 441 

Dermatitis 2020. 442 

17. Landry Q, Zhang S, Ferrando L, Bourrain JL, Demoly P, Chiriac AM. Multiple Drug 443 

Hypersensitivity Syndrome in a Large Database. J Allergy Clin Immunol Pract 2020; 8:258-444 

66 e1. 445 

18. Pichler WJ, Daubner B, Kawabata T. Drug hypersensitivity: flare-up reactions, cross-446 

reactivity and multiple drug hypersensitivity. J Dermatol 2011; 38:216-21. 447 

19. Allouchery M, Logerot S, Cottin J, Pralong P, Villier C, Ben Said B, et al. Antituberculosis 448 

Drug-Associated DRESS: A Case Series. J Allergy Clin Immunol Pract 2018; 6:1373-80. 449 

20. Daubner B, Groux-Keller M, Hausmann OV, Kawabata T, Naisbitt DJ, Park BK, et al. 450 

Multiple drug hypersensitivity: normal Treg cell function but enhanced in vivo activation of 451 

drug-specific T cells. Allergy 2012; 67:58-66. 452 

21. Pichler WJ, Srinoulprasert Y, Yun J, Hausmann O. Multiple Drug Hypersensitivity. Int Arch 453 

Allergy Immunol 2017; 172:129-38. 454 

22. Gex-Collet C, Helbling A, Pichler WJ. Multiple drug hypersensitivity--proof of multiple drug 455 

Jo
urn

al 
Pre-

pro
of



23 

hypersensitivity by patch and lymphocyte transformation tests. J Investig Allergol Clin 456 

Immunol 2005; 15:293-6. 457 

23. Barbaud A, Collet E, Milpied B, Assier H, Staumont D, Avenel-Audran M, et al. A 458 

multicentre study to determine the value and safety of drug patch tests for the three main 459 

classes of severe cutaneous adverse drug reactions. Br J Dermatol 2013; 168:555-62. 460 

24. Macy E, Romano A, Khan D. Practical Management of Antibiotic Hypersensitivity in 2017. J 461 

Allergy Clin Immunol Pract 2017; 5:577-86. 462 

25. Yun J, Mattsson J, Schnyder K, Fontana S, Largiadèr CR, Pichler WJ, et al. Allopurinol 463 

hypersensitivity is primarily mediated by dose-dependent oxypurinol-specific T cell response. 464 

2013; 43:1246-55. 465 

26. Holland CL, Malasky C, Ogunkoya A, Bielory L. Rapid oral desensitization to isoniazid and 466 

rifampin. Chest 1990; 98:1518-9. 467 

27. Kim JH, Kim HB, Kim BS, Hong SJ. Rapid oral desensitization to isoniazid, rifampin, and 468 

ethambutol. Allergy 2003; 58:540-1. 469 

28. Seo HS, Min PK, Kim CW, Park JW, Jeong JH, Jang KH, et al. Two cases of rifampin 470 

desensitization in AIDS patients with rifampin hypersensitivity. Journal of Asthma, Allergy 471 

and Clinical Immunology 2002; 22:119-23. 472 

29. Hwang Y-H, Jang DY, Kang SY, Sohn K-H, Kang DY, Lee CH, et al. DRESS (drug reaction 473 

with eosinophilia and systemic symptom) syndrome caused by both first-line and second-line 474 

antitubercular medications: A case report with a brief literature review. Allergy, Asthma & 475 

Respiratory Disease 2017; 5:111-6. 476 

30. Teraki Y, Shiohara T. Successful desensitization to fixed drug eruption: the presence of 477 

CD25+CD4+ T cells in the epidermis of fixed drug eruption lesions may be involved in the 478 

induction of desensitization. Dermatology 2004; 209:29-32. 479 

31. Whitaker P, Shaw N, Gooi J, Etherington C, Conway S, Peckham D. Rapid desensitization for 480 

non-immediate reactions in patients with cystic fibrosis. J Cyst Fibros 2011; 10:282-5. 481 

32. Clayton E, Madamba J, Kong XT, Braskett M. Successful desensitization protocol for delayed 482 

cutaneous eruption to temozolomide. J Allergy Clin Immunol Pract 2014; 2:626-8. 483 

Jo
urn

al 
Pre-

pro
of



24 

33. Gan H, Wang L, Fu W, Zhang J, Yu M, Liu G. Rapid subcutaneous desensitization for the 484 

management of delayed hypersensitivity reactions to omalizumabA case report. J Clin Pharm 485 

Ther 2019; 44:486-8. 486 

34. Kobashi Y, Okimoto N, Matsushima T, Abe T, Nishimura K, Shishido S, et al. 487 

[Desensitization therapy for allergic reactions of antituberculous drugs--evaluation of 488 

desensitization therapy according to the guideline of the Japanese Society for Tuberculosis]. 489 

Kekkaku 2000; 75:699-704. 490 

35. Kuwabara K. [Anti-tuberculosis chemotherapy and management of adverse reactions]. Nihon 491 

Rinsho 2011; 69:1389-93. 492 

36. Kobashi Y, Okimoto N, Matsushima T, Abe T, Nishimura K, Shishido S, et al. 493 

[Desensitization therapy for antituberculous drugs]. Kekkaku 2000; 75:521-6.  494 

Jo
urn

al 
Pre-

pro
of



25 

Figure legend  495 

Figure 1. Reintroduction of anti-TB treatment in patients with SCARs496 
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Table 1. An example of graded challenge protocol for 1st line antituberculous drugs 497 

 Day1 Day2 Day3 Day4 Day4 Day5 Day6 Day7 Day8 Day9 Day10 Day11 Day12 

Rifampin (mg) 150 300 450 600 600 600 600 600 600 600 600 600 600 

Isoniazid (mg)     100 200 300 300 300 300 300 300 300 

Pyrazinamide (mg)        500 1000 1500 1500 1500 1500 

Ethambutol (mg)           400 800 1200 

Patients body weight ≥ 50 kg 498 
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Table 2. An example of isoniazid desensitization protocol (target dose: 300 mg) 499 

 
Step 

Concentration 

(mg/mL) 

Amount 

(mL) 

Time 

(hr) 

Administered 

dose (mg) 

Cumulative dose 

(mg) 

D1 

1 0.2 0.1 
 

0.02 0.02 

2 0.2 0.2 2hr 0.04 0.06 

3 0.2 0.5 2hr 0.1 0.16 

4 0.2 1 2hr 0.2 0.36 

5 0.2 2 2hr 0.4 0.76 

6 0.2 4 2hr 0.8 1.56 

7 0.2 8 2hr 1.6 3.16 

8 0.2 16 2hr 3.2 6.36 

D2 

9 2.0 3 
 

6 12.36 

10 2.0 6 2hr 12 24.36 

11 2.0 12 2hr 24 48.36 

12 100 mg Tab 0.5Tab 2hr 50 98.36 

13 100 mg Tab 1Tab 2hr 100 198.36 

14 100 mg Tab 2Tab 2hr 200 398.36 

D3 15 100 mg Tab 3Tab  300 300 

T: tablet500 Jo
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Table 3. Clinical characteristics of antituberculous drug associated severe cutaneous adverse reaction cases. 501 

Age (years), median (range) 51 (22-81) 

Male sex, n (%) 13 (45) 

Type of tuberculosis   

Pulmonary, n (%) 18 (62) 

Extra-pulmonary, n (%) 10 (35) 

Disseminated, n (%) 1 (3) 

Result of mycobacterial culture; positive, n (%) 18 (62) 

Latency period, day, median (IQR)  28 (6-194*) 

Hospitalization due to SCAR, n (%) 25 (86) 

Skin rash, extent (%), median (IQR) 100 (22.5-100) 

Fever >38°C, n (%) 21 (72) 

Enlarged lymph nodes, n (%) 1 (3) 

Laboratory findings at diagnosis  

WBC (/mm
3
), median (IQR) 8580 (310-59,140) 

Lymphocyte (/mm
3
), median (IQR) 1,564 (120-23,064) 

Atypical lymphocytes, n (%) 14 (48) 

Eosinophil (/mm
3
), median (IQR) 1,628 (30-7,991) 

Platelet (x10
3
/mm

3
), median (IQR) 114 (1-336) 

ALT (U/uL), median (IQR)   137 (25-1808) 

Creatinine (mg/dl), median (IQR) 0.86 (0.5-5.1) 

Duration of SCARs (day), median (IQR) 62 (4-488) 

IQR: Interquartile Range; *One patient developed DRESS 194 days after starting antituberculous treatment; rifampicin was added to the existing regimen 42 days before the 502 

onset. Although rifampicin was the suspected culprit, in the process of re-administration, the patient developed a systemic rash and itch due to ethambutol and cycloserin 503 

which the patient had taken from the beginning. Therefore, the latency period was set for 194 days as the previously used drugs could not be ruled out as the culprit. 504 
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Table 4. Overview of the patients’ anti-tuberculous treatment 505 

Patient  Diagnosis Initial anti-TB drugs 1st reintroduction 2nd reintroduction Final regimen 
Anti-TB treatment 

outcome 
Confirmed reactants 

M/46  DRESS INH/RIF/EMB/PZA Change all drugs - Cs/Lfx/Km Success NA 

M/81  DRESS INH/RIF/EMB/PZA  Change all drugs - PZA/Lfx Failure d/t DRESS NA 

M/78  DRESS INH/RIF/EMB/PZA Change all drugs - EMB/Mfx/Cs/Am Failure d/t DRESS  NA 

F/36  DRESS INH/RIF/EMB/PZA Change all drugs - EMB/Cs/Pto/Mfx  Failure d/t rash, itching NA 

M/25  DRESS INH/RIF/EMB/PZA Change all drugs Graded challenge PZA/Mfx/Cs Failure d/t DRESS INH, EMB 

F/46  DRESS INH/RIF/EMB/PZA Change all drugs Desensitization EMB/Mfx/S Failure d/t DILI INH, RIF, Cs 

F/42  DRESS INH/RIF/EMB/PZA Change all drugs Desensitization INH/RIF Failure d/t DILI RIF, EMB, PZA, Cs 

F/55  DRESS INH/RIF/EMB/PZA Change all drugs Desensitization INH/RIF/PZA Success INH, RIF, EMB, Mfx, Cs 

F/34  DRESS INH/RIF/EMB/PZA Change all drugs Desensitization RIF/Lfx/Cs Success INH, PZA, Pto 

M/56 DRESS INH/RIF/EMB/PZA Graded challenge - INH/EMB/Mfx Success NA 

M/22 DRESS INH/RIF/EMB/PZA Graded challenge - INH/RIF/PZA Success NA 

F/38 DRESS INH/RIF/EMB/PZA Graded challenge Graded challenge (same drugs) RIF/EMB /PZA Success INH 

F/38 DRESS INH/RIF/EMB/PZA Graded challenge Graded challenge (drugs changed) RIF/PZA/Mfx/S Success INH, EMB 

F/70  DRESS RIF/EMB/PZA/Mfx/Cs/S Graded challenge Graded challenge (drugs changed) PZA/PAS/Amx-Clv/Clari Success EMB, Pto, Cs 

M/80  DRESS INH/RIF/EMB/PZA Desensitization - INH/Lfx/Cs/Pto Success RIF, PZA 

M/60  DRESS INH/RIF/EMB/PZA Desensitization - INH/PZA/Lfx Success RIF, EMB 

F/37  DRESS INH/RIF/EMB/PZA Desensitization - INH/RIF Success INH, EMB 

F/72  DRESS INH/RIF/EMB/PZA Desensitization - INH/PZA/Lfx Success RIF 

F/38  DRESS INH/RIF/EMB/Lfx Desensitization - INH/EMB/PZA Success Lfx 

F/47 DRESS INH/RIF/PZA/Mfx Desensitization - INH/RIF/PZA/Lfx Success INH, Mfx 

M/51  DRESS PZA/Lfx/PAS/Pto/Cs Desensitization - Lfx/Cs/Amx-Clv  Success Pto, PAS 

F/22  DRESS Mfx/PAS/Pto/Cs/KM Desensitization - Cs/Lfx/PZA Success Pto 

M/65  DRESS INH/RIF/EMB/PZA Desensitization - INH/EMB/Mfx Success RIF, PZA 

F/68  DRESS INH/RIF/EMB/PZA Desensitization - INH/PZA/Lfx Success INH, RIF, EMB, PZA 

F/78  DRESS INH/RIF/EMB/PZA Desensitization - Lfx/Cs/PAS/Amx-Clv  Success INH, RIF, EMB, PZA 

M/68  DRESS INH/RIF/EMB/PZA Desensitization - INH/PZA/Lfx/Am Failure d/t DILI  RIF, EMB, PAS 

F/81  DRESS INH/RIF/Mfx Desensitization - INH/PZA/Mx Failure d/t itching NA 

RIF rifampin; INH isoniazid; PZA pyrazinamide; EMB ethambutol; Lfx levofloxacin; Mfx moxifloxacin; Pto prothionamide; Cs cycloserin; KM kanamycin; S streptomycin; PAS p-aminosalicylic acid; Am Amikacin; 506 

Amx-Clv Amoxicillin/Clavulanic acid; DRESS drug reaction with eosinophilia and systemic symptoms; SJS Stevens-Johnson syndrome; DILI Drug Induced Liver Injury 507 

 508 
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Total  
N=29 

STOP 

N=2 

Graded challenge 

N=5 

Success 
N=2 

Success 
N=3 

Graded challenge* 

N=3 

Failure 
N=3  

40.0% 60.0% 

STOP 

N=3 

Change all drugs 

N=9 

Success 
N=1 

Desensitization 
N=4 

Failure 
N=2  

Success 
N=2 

Failure 
N=8  

11.1% 88.9% 

50% 50% 100% 

Desensitization 

N=13 

Success 
N=11 

Failure 
N=2  

84.6% 15.4% 

Graded challenge 

N=1 

Failure 
N=1  

100% 

*Graded challenge with other drugs except those with severe BTR in the first trial or previously unexposed drugs 
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Figure E1. The patch test result of a patient as an example 

Read at 48 hours (A), and 72 hours (B). Test drugs are isoniazid (INH), rifampin (R), 

pyridoxine (P), sulfamethoxazole-trimethoprim (sep), p-aminosalicylic acid (PAS), 

kanamycin (K), linezolid (zyv), cycloserine (CS), levofloxacin (LV), pyrazinamide (PZA), 

ethambutol (E), vaseline (V) in clockwise direction from the right top. INH and CS were ++ 

at 48 hours and 72 hours. 
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