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Spectrum of offending drugs and
cutaneous adverse drug reactions
requiring hospitalisation in a
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TB/HIV endemic setting
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Department of Medicine, Groote Schuur Hospital, University of Cape Town, Cape Town, South Africa,
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Introduction: Cutaneous immune-mediated adverse drug reactions are more
prevalent in people with human immunodeficiency virus (PWH). Severe cutaneous
adverse drug reactions (SCAR) are a life-threatening subset of cutaneous adverse
drug reactions (CADRs) and a significant public health issue in settings endemic for
human immunodeficiency virus and tuberculosis. However, limited data are
available on CADR requiring hospitalisation in African settings. The aim of this
study is to describe the epidemiology, offending drugs and outcomes of CADRs
requiring admission to a South African tertiary dermatology service.
Methods: Retrospective folder review was conducted on all CADRs requiring
hospitalisation at Nelson Mandela Academic Hospital in Mthatha, Eastern
Cape, South Africa between 30 July 2015 and 15 December 2022. This data
was compared to prospective inclusion of CADR admissions between 03
March 2021 and 09 April 2024 as part of the Immune-Mediated Adverse Drug
Reactions (IMARI) Registry and Biorepository and AFRISCAR consortium. Where
possible, phenotype and drug causality assessment was performed through
RegiSCAR, or Naranjo and/or ALDEN scoring respectively.
Results: CADR admissions included 122 cases: 89 and 33 in the retrospective
and prospective cohorts respectively. The commonest SCAR phenotype was
Stevens-Johnson syndrome/toxic epidermal necrolysis (SJS/TEN) at 59.8% (73/
122), although other validated SCAR phenotypes included drug reaction with
eosinophilia and systemic symptoms (DRESS), acute generalized
exanthematous pustulosis (AGEP) and generalized fixed bullous drug eruption
(GBFDE). Cutaneous presentations included typical and atypical SCAR features
against a background Fitzpatrick skin tones of type IV and above. Amongst the
retrospective cohort 16.9% (15/89) of phenotypes were unclassifiable due to
lack of photographs. The overall median (IQR) age was 38 (25–50) years,
50.8% (62/122) were male and 60.7% (74/122) were PWH [median (IQR)
CD4T-cell count of 267 (76–470) cells/mm3]. The commonest offending
drugs included cotrimoxazole in 24.6% (30/122); and anti-retroviral therapy
(ART) in 13.9% (17/122). No offending drug could be identified in 24.7% (22/89)
of the retrospective cohort. The median (IQR) length of hospital stay for
validated SCAR was 13 (8–21) days for the retrospective cohort and 19 (13–28)
01 frontiersin.org

http://crossmark.crossref.org/dialog/?doi=10.3389/falgy.2024.1481281&domain=pdf&date_stamp=2020-03-12
mailto:jonny.peter@uct.ac.za
https://doi.org/10.3389/falgy.2024.1481281
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/articles/10.3389/falgy.2024.1481281/full
https://www.frontiersin.org/articles/10.3389/falgy.2024.1481281/full
https://www.frontiersin.org/articles/10.3389/falgy.2024.1481281/full
https://www.frontiersin.org/articles/10.3389/falgy.2024.1481281/full
https://www.frontiersin.org/articles/10.3389/falgy.2024.1481281/full
http://orcid.org/0009-0008-8326-9799
http://orcid.org/0000-0001-8804-0194
http://orcid.org/0009-0000-1946-0881
http://orcid.org/0000-0002-3948-3121
http://orcid.org/0009-0007-3402-590X
http://orcid.org/0000-0002-4507-6995
http://orcid.org/0000-0002-7623-3383
http://orcid.org/0000-0002-1281-1789
http://orcid.org/0009-0005-9509-7726
http://orcid.org/0000-0002-2658-0723
https://www.frontiersin.org/journals/allergy
https://doi.org/10.3389/falgy.2024.1481281
https://www.frontiersin.org/journals/allergy
https://www.frontiersin.org/


Abbreviations

CADR, cutaneous adverse drug reactions; HIV, huma
DRESS, drug reaction with eosinophilia and system
exanthematous pustulosis; GBFDE, generalized fixed
immune-mediated adverse drug reactions registry a
retroviral therapy; FLTBD, first line anti-tuberculosis

Konyana et al. 10.3389/falgy.2024.1481281

Frontiers in Allergy
days for the prospective cohort (p= 0.03). The median (IQR) length of hospital
stay for non-SCAR was 9 (5–13) days for the retrospective cohort and 11 (9–16)
days for the prospective cohort.
Conclusion: Typical and atypical presentations of SCAR were represented in this
vulnerable South African cohort of predominantly PWH. SJS/TEN was the
commonest phenotype, and cotrimoxazole the most frequent offending drug.
This data emphasises the need for prospective data collection across a diverse
African population for valid SCAR phenotyping and drug causality assessment.

KEYWORDS
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Introduction

Cutaneous adverse drug reactions (CADRs) are predominantly

delayed immune-mediated reactions. In human immunodeficiency

virus (HIV) and tuberculosis (TB) endemic settings they occur most

frequently amongst people with HIV (PWH), with offending drugs

reflecting prescribing practices of antiretrovirals and antibiotics (1).

CADRs are significantly more common in PWH and TB with an

incidence reported of up to 27% (2). Severe cutaneous adverse drug

reactions (SCARs) are a subset of CADRs that pose a significant

public health burden in these vulnerable populations, largely centred

in African lower- and middle-income countries.

There are four types of SCAR, including drug reaction with

eosinophilia and systemic symptoms (DRESS), Stevens-Johnson

syndrome/toxic epidermal necrolysis (SJS/TEN), acute generalized

exanthematous pustulosis (AGEP), and generalized fixed bullous

drug eruption (GFBDE). Less severe CADRs include morbilliform

drug eruption (MDE), lichenoid drug eruption (LDE) and fixed

drug eruptions (3, 4).

SJS and TEN are differentiated only by percentage of body surface

area (BSA) affected. SJS affects less than 10% of the BSA, TEN affects

more than 30% of the BSA and SJS/TEN overlap affects a range of

10%–30% of the BSA (4). The clinical features of SJS and TEN are

epidermal necrolysis, skin detachment and blistering of the mucosal

membranes (5). The mortality rate of SJS ranges from 1% to 4% and

that of TEN can vary from 12% to 50% depending upon the severity-

of- illness score for toxic epidermal necrolysis (SCORTEN) (6). Drugs

that commonly cause SJS and TEN include sulphonamides, anti-

epileptics, non steroidal anti-inflammatory drugs (NSAIDS),

allopurinol, and nevirapine (an antiretroviral drug). Drugs frequently

associated with DRESS include anti-epileptics, sulphonamides,

allopurinol, nevirapine and abacavir (also an antiretroviral) (7).

DRESS is characterized by eosinophilia, facial oedema,

erythroderma, pyrexia, lymphadenopathy, atypical lymphocytes,

and internal organ (such as liver and renal) involvement (5).

DRESS presents 3 weeks to 3 months following treatment

initiation with the causative drug and its mortality rate ranges

from 10% to 20% (8).
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All types of SCAR are concerning due to their high mortality

rates (up to 50%) (2), treatment-interruption related effects upon

infectious diseases, SCAR related long-term morbidity (9) and

health care costs due to prolonged hospitalisation (2). Despite

this disease burden, there remains a paucity of published

literature from such settings, particularly from African countries.

Furthermore, there is underrepresentation of African populations

and detailing of cutaneous presentations of CADRs amongst

darker Fitzpatrick skin tones, with potential consequence for

early clinical recognition and outcomes (10). This first aim of

this study is thus to report on and describe the burden of disease

from CADRs in African TB/HIV endemic settings.

The European Registry of Severe Cutaneous Adverse Reactions to

Drugs (RegiSCAR) has established a validation system to standardize

the classification of SCAR (3). Cases are reviewed by dermatologists

using a validation form and scoring system that considers clinical

information, photographs, and laboratory results (including blood

tests and histology) to assign one of the four validated phenotypes.

Similarly, Drug causality assessment tools are available for

determining the likelihood of drug causality in CADRs (4, 11–16).

These include the Naranjo and ALDEN drug causality assessments

are the most well-known, with Naranjo used for DRESS, AGEP,

and GFBDE, and ALDEN specific to SJS/TEN (11, 12). Thus, the

second aim of this work was to assess how effective routine clinical

records in a tertiary dermatology service could be for SCAR

validation and drug causality assessment, and hence whether the

resources required for prospective case recruitment, validations and

drug causality assessments were justifiable.
Materials and methods

The study design was an observational cohort study, with two

arms: retrospective and prospective. Data was collected from

records of patients admitted to Nelson Mandela Academic Hospital

(NMAH), Mthatha, Eastern Cape Province, South Africa from 30

July 2015 to 15 December 2022 with a clinical diagnosis of CADR.

To find eligible patients for retrospective study enrolment we
, tuberculosis; PWH, people with HIV; SCAR, severe cutaneous adverse reaction;
vens-Johnson syndrome/toxic epidermal necrolysis; AGEP, acute generalized
ichenoid drug eruptions; NMAH, Nelson Mandela Academic Hospital; IMARI,
an research ethics committees; WSU, Walter Sisulu University; ART, anti-

anti-inflammatory drug.
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examined NMAH dermatology ward admission registries. For data

collection we accessed information from multiple sources including:

patient folders, the hospital and provincial death registries and

National Health Laboratory Services databases.

Data collected included demographics, drug history, CADRs

phenotype information, comorbidities, length of hospital stay and

cause of mortality. The prospective study data was from the

Immune-Mediated Adverse Drug Reactions (IMARI) Registry and

Biorepository initiated at the University of Cape Town and part of

the AFRISCAR consortium initiative to enrol SCAR cases across

diverse African populations. The registry collects clinical, laboratory

as well as biological samples of cases suspected to have had a

treatment-limiting and/or life-threatening CADR (17). It also allows

for the storage of images of patients enrolled to ensure accurate

validations can occur retrospectively once all necessary data is

captured and reviewed. The data analysed in this cohort was from

patients enrolled in the database starting from March 2021 to April

2024. During this period, there were two inpatient death records of

SJS/TEN found for patients that were not enrolled in the

prospective IMARI database, and this data was analysed as part of

the retrospective cohort given limited mortality information. Patients

who were below the age of 12, patients with drug reactions that did

not meet the definition of CADR and patients with missing hospital

records were excluded from the study. The retrospective and

prospective components of the study were approved by the Human

research Ethics committees (HREC), including the use of

photographs, at both Walter Sisulu University (WSU) (HREC: 056/

2020) and University of Cape Town (HREC R031/2018).

Qualified dermatologists performed phenotype validations for

the prospective arm, whilst case validations for all retrospective

cases were performed by two dermatologists based at WSU. The

RegiSCAR validation scoring system classified SCAR cases as:

definite, probable, possible, and not a case of SCAR. Drug

causality assessments used to identify the offending drugs in SJS/

TEN cases was the ALDEN Score, while the Naranjo drug

assessment tool was used to assess drug causality in all other

phenotypes of CADR (11, 12). The SCORTEN is an illness

severity-scoring system validated for SJS-TEN, which uses seven

clinical parameters, allotted equal weight to predict probability of

mortality (6). However, it was not part of the tools used in this study.

Data analysis was performed using Excel and GraphPad Prism

version 10.3.0. Data analysis predominantly involved descriptive

analyses. Where required, observed and expected frequencies for

each variable in both retrospective and prospective cases were

compared using a chi-squared test. Continuous variables such as

age and length of hospital stay were compared with Mann-

Whitney U-test for non- parametric data.
Results

Cutaneous manifestations of SCAR in study
population

Figures 1A–F shows a selection of photographs from the

prospective IMARI cohort highlighting key cutaneous features.
Frontiers in Allergy 03
Pictures highlight the appearance of erythematous and purpuric

papules and atypical targetoid features during the progression to

more severe epidermal necrolysis.
Demographics, co-morbidities, CADR
phenotypes and outcomes of admissions

A total of 122 cases were admitted with CADR to the tertiary

dermatological services at NMAH during the study period (30

July 2015–09 April 2024). Figure 2 shows the consort diagram of

included CADRs stratified by retrospective (n = 89) (A) and

prospective (n = 33) (B). As seen in Table 1, in the retrospective

arm, 49.4% (44/89) were female with a median age of 36 (IQR

26–50) years, and 55.1% (49/89) were PWH (Table 1). A

validated SCAR was confirmed in 68.5% (61/89), with the

commonest phenotype of SJS/TEN [83.6% (51/61)] (Figure 2A).

In 16.9% (15/89) there was insufficient information from folder

review to determine CADR phenotype (Table 1). In the

prospective arm, 37 cases were identified as having a provisional

CADR at NMAH from March 2021 to April 2024, of which 33

were confirmed as CADR. Four of the CADR were categorized as

“other”, which included three MDE and one LDE. The total

number of validated SCAR cases was 29 (Figure 2B), with SJS/

TEN being the commonest at 66.7% (22/33), followed by DRESS

at 12.1% (4/33) and thirdly AGEP at 6.1% (2/33) (Figure 2B). As

seen in Table 1, CADR cases had a median age of 41 (IQR

36–49) years; 48.5% (16/33) were female; and 75.8% (25/33) were

PWH, of which 44.8% (13/29) were on antiretroviral treatment

(ART) at the time of the initiation of the CADR and 41.4%

(12/29) were on cotrimoxazole prophylaxis (Table 2). Current TB

was present in 41.4% (12/33) of cases (Table 1). All of the

validated prospective CADR except one had pulmonary TB

(11/12); all TB cases were all receiving first-line anti-TB

treatment (Table 2).

The leading comorbidity (Table 1) in both retrospective and

prospective cohorts was HIV, the total PWH being 55.1%

(49/89) and 75.8% (25/33) respectively (p = 0.19). The second

most common comorbidity was TB, seen in 20.2% (18/89) of

retrospective cases and 42.4% (14/33) of prospective cases

(p = 0.03). Epilepsy was the next commonest co-morbidity

affecting 15.7% (14/89) and 15.2% (5/33) of the retrospective and

prospective cohorts respectively. 14.3% (2/14) of the retrospective

patients with epilepsy had anti-epileptics as their offending drug,

while all five of the prospective cases with epilepsy had anti-

epileptics as their offending drug. Notably, the offending drug

information for 28.6% (4/14) of the retrospective epileptic

patients was missing. Other comorbidities recorded included

hypertension (7.9% in retrospective cases and 18.2% in

prospective cases), diabetes and schizophrenia.

The median duration of hospital stay in SCAR cases was 13

(IQR 10–21) days compared to non-SCAR cases of 9 (IQR 6–13)

days. Median length of hospital stay was longer for SCAR cases

in the prospective vs. retrospective cohorts [19 (13–28) vs. 13

(8–21) days, p = 0.03] (Table 1). Of the 122 admitted CADR

cases, inpatient fatal outcomes were observed in 16 cases
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FIGURE 1

Photographs of validated cases obtained from the prospective IMARI database showing typical and atypical cutaneous features of SCAR presentations
in higher Fitzpatrick skin tones. (A) Probable DRESS, Day 4 from the onset of symptoms. Erythematous and purpuric papules, coalesced plaques with
mild induration involving the right thigh and knee. (B) Probable DRESS, Day 9 from the onset of symptoms. Facial oedema with erythematous
morbilliform eruption with centro-facial and upper chest involvement. (C) and (D) Definite SJS/TEN, Day 7 from onset of symptoms. Extensive,
erythematous and purpuric papules and plaques with atypical targetoid lesions affecting the neck, trunk and upper limbs. (E) and (F) Definite SJS/
TEN, Day 8 from onset of CADR. Extensive dusky colored patches with flaccid bullae more pronounced on the Left arm than the right arm and
the lower abdominal area. Features of epidermal necrolysis affect the lower half of the face and neck. (G) and (H) Definite SJS/TEN, Day 10 from
onset of CADR. Extensive facial bullae with haemorrhagic crusting with sparing of the eyes. Extensive dusky coloured and purpuric patches and
plaques with targetoid lesions on the-trunk and upper limbs. (I) Definite SJS/TEN, Day 10 from onset of symptoms. Marked areas of denuded skin
on the trunk, thighs and legs, with skin stripping, Nikolsky sign and bullae in surrounding areas.

Konyana et al. 10.3389/falgy.2024.1481281
accounting for a 13.1% mortality rate. Of the four deaths noted

in the prospective data, three of these were SCAR-related

(75.0%), and all three validated as a definite SJS/TEN. Of the

12 retrospective deaths, all had SJS/TEN, one of which was

noted to be SCAR-related and three were non-SCAR related.

The remaining eight deaths (66.7%) in the retrospective cohort

had missing/insufficient data to determine the cause of death.
Offending drug(s) causing the CADR

Figures 3A,B are pie charts of the offending drugs identified by

conducting drug causality assessments. Offending drugs with the

highest drug causality assessments in the 89 retrospective CADRs

included cotrimoxazole in 23.6% (21/89), Antiretrovirals (ARTs)

in 15.7% (14/89), anti-epileptics in 11.2% (10/89) and first line
Frontiers in Allergy 04
ant-tuberculosis drugs (FLTBDs) medication in 5.6% (5/89). A

total of 24.7% (22/89) of the retrospective cases had insufficient

information to identify the casual drug due to missing data. In

contrast, of the 33 prospective all drug causality assessments

could be competed. Cotrimoxazole and anti-epileptics were

implicated in similar frequencies to the retrospective cohort, but

in the prospective cohort, a greater number of cases were linked

to FLTBD treatments, as well as the recognition of other known

CADR offending drugs such as allopurinol and NSAIDs.
Discussion

SCARs are a group of life-threatening, treatment-limiting

delayed hypersensitivities with mortality rates of up to 50% and

considerable long-term morbidity; several have strong class
frontiersin.org
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FIGURE 2

(A) Consort diagram of retrospective provisional CARDs at NMAH between 30 July 2015 and 15 December 2022. (B) Consort diagram of prospective
provisional CARDs at NMAH between 03 March 2021 and 09 April 2024.
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I HLA genetic associations (7). This includes the HLA-B* 13:01

allele associated with cotrimoxazole and dapsone-associated

DRESS (18–20), and analysis into these genetic associations is

ongoing in this cohort. Early recognition, identification and

cessation of the offending drug(s), and multidisciplinary

supportive inpatient care are critical for good outcomes and

reduced long-term sequelae. In TB and HIV endemic settings,

SCARs disproportionately impact vulnerable PWH with

advanced immunosuppression, and frequent needs for prolonged

multi-drug antibiotic regimens for co-infections like TB (21).

Unfortunately, to date there has been a paucity of SCAR, or

CADR data from diverse African populations that highlight the

range of cutaneous presentations, common offending drugs and

outcomes. Given this background, the key findings of this cohort

of CADRs requiring admission to a tertiary dermatology unit in

Mthatha, South Africa include: (i) over 60% of SCAR occurs in

PWH and advance immunosuppression, (ii) SJS/TEN is the

commonest SCAR phenotype, although all other major SCARs

were diagnosed at lower prevalence, potentially due to a bias in

less severe phenotypes not presenting to hospital (iii) cutaneous

features included typical and atypical features SJS/TEN and

DRESS features in a population with darker skin tones, (iv)

cotrimoxazole and antiretrovirals are the commonest offending
Frontiers in Allergy 05
agents (Figure 4), and (v) up to a quarter of phenotyping and

drug causality assessments were not possible due to a lack of

pictures of drug exposure details in the retrospective study of

admission CADRs.

PWH are estimated to have an up to 100-fold increased risk of

SCAR, although precise estimates of prevalence and the permissive

mechanisms of HIV-associated immune dysregulation are poorly

defined (22). The decline in CD4T-cell count leads to an

increasing risk of opportunistic infections, such as

Pneumocystitis jiroveci pneumonia that require prophylaxis with

cotrimoxazole, and exponential rise in the development of active

TB (23). In line with this, the commonest culprit drugs causing

CADR and SCAR in PWH are cotrimoxazole and ART and this

cohort is younger compared to typical SCAR cohorts from non-

HIV endemic settings (24). This is a similar spectrum of culprit

drugs to that reported in our Cape Town based South African

cohort (25). Notably, the second commonest causative drug in

the retrospective cohort was ART, more specifically efavirenz and

nevirapine. This could be due to its previous use as first line

therapy during the time period in which retrospective data was

analysed. However, in contrast to the Cape Town SCAR cohort

where DRESS outnumbers SJS/TEN 3:1 (25), SJS/TEN is the

predominant SCAR phenotype in Mthatha, accounting for nearly
frontiersin.org
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TABLE 1 Demographics, co-morbidities, CADR phenotypes and outcomes of admissions between 30 July 2015 and 09 march 2024, stratified by
retrospective or prospective inclusion.

Overall n = 122
(%)

Retrospective n= 89
(%)

Prospective n= 33
(%)

p-value

Female 60 (49.2) 44 (49.4) 16 (48.5) 0.947

Median age (years) (IQR) 38 (28–50) 36 (26–50) 41 (36–49) 0.093

Phenotype SJS/TEN 73 (59.8) 51 (57.3) 22 (66.7) 0.553

DRESS 10 (8.2) 6 (6.7) 4 (12.1) 0.355

GBFDE 4 (3.3) 4 (4.5) 0 (0.0) 0.224

Morbilliform drug eruption 10 (8.2) 7 (7.9) 3 (9.1) 0.831

Missing phenotype 15 (12.3) 15 (16.9) 0 (0.0) 0.018

Othera 10 (8.2) 6 (6.7) 4 (12.1) 0.355

Comorbiditiesb HIV 74 (60.7) 49 (55.1) 25 (75.8) 0.193

TB 32 (26.2) 18 (20.2) 14 (42.4) 0.034

Epilepsy 19 (15.6) 14 (15.7) 5 (15.2) 0.943

Hypertension 13 (10.7) 7 (7.9) 6 (18.2) 0.121

Otherc 17 (13.9) 13 (14.6) 4 (12.1) 0.383

Missing comorbidity
information

7 (5.7) 7 (7.9) 0 (0.0) 0.107

Median length hospital stay (days)
(IQR)

SCAR cases 13 (10–21) 13 (8–21) 19 (13–28) 0.029

Mortalityd 16 (13.1) 12 (13.5) 4 (12.1) 0.854

aOther phenotype: Retrospective: n = 1 Erythroderma, 3 Lichenoid drug eruption, 1 Erythema multiforme, 1 Psoriasiform drug eruption. Prospective: n = 2 AGEP, 1 SJSTEN/DRESS overlap, 1

Lichenoid drug eruption.
bSome patients have >1 comorbidity.
cOther comorbidities: Retrospective: 2 Diabetes, 2 Schizophrenia, 1 Anaemia, 1 Chronic kidney disease, 1 Dystonia, 1 Hypokalaemia, 1 Myeloid leukaemia, 1 Rheumatoid arthritis, 1 Seborrheic

dermatitis, 1 Pleural effusion, 1 Cerebrovascular accident. Prospective: 1 Diabetes, 1 Gout, 1 Valvular heart disease, 1 Major depressive disorder.
dIn-patient deaths: Prospective: n = 4 deaths, of which 3 SCAR related. Retrospective: n = 12 retrospective deaths, of which 1 SCAR related, 3 non-scar related, and 8 unknown cause of death.
Bold values represent statistically significant p values.

TABLE 2 HIV, TB and medications of RegiSCAR validated SCAR in prospective arm, stratified by RegiSCAR category.

Total
cases n=

29a

(%)

Total
SJS-TEN
n = 22
(%)

SJS-TEN n = 22
(%)

Total
DRESS
n= 4
(%)

DRESS n = 4
(%)

Total
AGEP n =

2
(%)Definite

(n= 16)
Probable
(n= 4)

Possible
(n= 2)

Probable
(n = 2)

Possible
(n= 2)

Female 13 (44.8) 9 (40.9) 6 (37.5) 2 (50.0) 1 (50.0) 2 (50.0) 2 (100.0) 2 (100.0) 2 (100.0)

PLHIV 22 (75.9) 17 (77.3) 12 (75.0) 4 (100.0) 1 (50.0) 3 (75.0) 2 (100.0) 1 (50.0) 2 (100.0)

On ART 13 (44.8) 10 (45.5) 7 (43.8) 2 (50.0) 1 (50.0) 1 (25.0) 1 (50.0) 0 (0.0) 2 (100.0)

Median CD4
(IQR)

258 (80–395) 206 (80–395) 161 (66–400) 268 (197–334) 168 (168–168) 316 (182
−330)

330 (323–336) 47 (47–47) 528 (528–528)

Co-
trimoxazole
prophylaxis

12 (41.4) 9 (40.9) 7 (43.8) 2 (50.0) 0 (0.0) 3 (75.0) 2 (100.0) 1 (50.0) 0 (0.0)

TB 12 (41.4) 10 (45.5) 8 (50.0) 2 (50.0) 0 (0.0) 2 (50.0) 1 (50.0) 1 (50.0) 0 (0.0)

Pulmonary TB 11 (37.9) 9 (40.9) 7 (43.8) 2 (50.0) – 2 (50.0) 1 (50.0) 1 (50.0) –

a1 case, male, SJS/TEN and DRESS overlap, HIV negative, TB negative. This case was not included in the individual SJS/TEN, DRESS cases.
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two thirds of all validated cases – both in the retrospective and

prospective study arms. Given the TB prevalence is similar in

Eastern and Western Cape (26), it is unclear if this represents a

referral bias – perhaps with less severe CADRs of the DRESS

spectrum undiagnosed and managed in peripheral hospitals, or a

different population genetic background e.g., HLA allele

frequencies between higher rates of mixed ethnicities in the

Western vs. Eastern Provinces (27–29). Outside of the burden of

disease in PWH, the full spectrum of CADR and SCARs were

noted in our cohort, with known co-morbidities and drug

culprits such as antiepileptics, NSAIDs and allopurinol (30).
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Although SCARs can affect any age group, the incidence varies

with age, generally, older adults are at higher risk due to

polypharmacy and physiological changes (31). These changes

may be seen in a younger age group in PWHV and in those

infected with TB (21). With regards to gender as a predisposing

factor, some sources state that females are more at risk of

developing CADRs than males by 1.5–1.7-fold (32), while other

sources say this is only true in the case of antimicrobials and

anti-inflammatory drugs (33). Gender was not found to be a

significantly predisposing factor in our cohort, with 49.2% of

overall cases being female.
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FIGURE 3

Breakdown of offending drug(s) based on drug causality assessment tools in (A) retrospective and (B) prospective cases. Breakdown of anti-epileptic
drugs. (A) Retrospective: 7 (7.9%) phenytoin, 2 (2.2%) lamotrigine and 1 (1.1%) carbamazepine. (B) Prospective: 3 (9.1%) lamotrigine, 1 (3.0%) phenytoin.

FIGURE 4

Sankey diagram of RegiSCAR validated SCAR cases in prospective arm. “Other” treatments include miracell, allopurinol, NSAIDs, Adcodol and unknown
causative agent.

Konyana et al. 10.3389/falgy.2024.1481281
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Deeply pigmented skin tones remain globally underrepresented

in dermatology literature, with potential dire implications in

conditions, such as SCAR where early recognition and removal

of potentially offending agents may be lifesaving (10). Thus, in

this cohort of SCAR in higher Fitzpatrick skin tones, we have

highlighted in Figure 1 a series of photographs that demonstrate

both typical and atypical features of DRESS and SJS/TEN such as

atypical targetoid lesions and purpuric papules that show more

subtle erythema and duskiness against deeply pigmented skin.

Factors that may influence these differences in cutaneous clinical

findings include the quantity and quality of melanin and

melanocytes, predilection to scarring and dyspigmentation, as

well as propensity to dryness and itching that has been reported

in pigmented skin (10).

Immune-mediated adverse drug reactions are drug and

phenotype specific, therefore accurate phenotyping is critical for

almost any meaningful study aimed at understanding long-term

outcomes, offending drug-phenotype natural history and identify

clinical predictors or biomarkers. Furthermore, given the poor

sensitivity of diagnostic tools to identify culprit drug (34, 35),

detailed drug exposure histories may be the only available tool for

attributing drug causality. Validation of phenotyping in CADRs

and SCAR has thus been a focus of extensive research. RegiSCAR

validation system, the best established, and most importantly

requires skin photographs collected across the SCAR time-course,

with adjunctive histology and laboratory measures improving case

certainty (36). The comparison of retrospective and prospective

arms of this cohort highlights the difficulties with studying SCARs

or CADR using routine data collected without electronic medical

records. Up to a quarter of drug causality assessment or

phenotyping validation could not be completed from retrospective

data. The need to have dedicated resources to ensure sufficient

and accurate data is collected for understanding SCAR is true

globally (37), but likely will require even greater resources and

training in lower- middle income African setting. Our AFRSICAR

network has mission to develop the tools and training, and attract

the resources necessary, for the study of SCAR against the diverse

genomic backgrounds of the African continent.

Our study had several limitations largely related to the

retrospective arm where data collection required accessing paper-

based hospital folders without skin photographs. Due to the

retrospective nature of the study and the variables collected, the

data was also insufficient to calculate important prognostic scores

such as SCORTEN. Additionally, the two SJS/TEN cases found

in the death records that were not enrolled in the IMARI

prospective cohort were analysed as part of the retrospective

cohort. This could have slightly skewed the data to show more

deaths in the retrospective cohort. However, the similarity in

overall patterns of CADR and offending drugs between

prospective and retrospective arms suggests a consistent

epidemiological pattern. This is also a single centre tertiary study,

and thus may have referral bias, with milder CADR or even

certain SCARs being managed at lower-level non-dermatology

specialist hospitals.

In summary, this study describes an important cohort of

vulnerable patients, and several unique aspects of CADR in the
Frontiers in Allergy 08
context of African HIV and TB endemic settings. SCAR remains

a resource intensive, life-threatening adverse event most

commonly in PWH and linked to the use of either prophylactic

cotrimoxazole or first-line anti-TB drugs. The National Institutes

of Health and European and Developing Countries Clinical

Trials Partnership-funded IMARI registry and biorepository

highlights the benefit of prospective data collection for precision

phenotyping CADR and is an invaluable asset for the developing

global understanding of CADR given this unique population.

Further effort is required to accumulate larger prospective

datasets across diverse African settings and increase efforts to

identify predictive biomarkers relevant to these

vulnerable populations.
Data availability statement

The original contributions presented in the study are included

in the article/Supplementary Material, further inquiries can be

directed to the corresponding author.
Ethics statement

The studies involving humans were approved by Human

Research Ethics, Faculty of Health Sciences, University of Cape

Town. The studies were conducted in accordance with the local

legislation and institutional requirements. Written informed

consent for participation in this study was provided by the

participants’ legal guardians/next of kin. Written informed

consent was obtained from the individual(s) for the publication

of any potentially identifiable images or data included in

this article.
Author contributions

SK: Writing – original draft, Writing – review & editing. NT:

Data curation, Formal Analysis, Methodology, Writing – original

draft, Writing – review & editing. LP: Data curation, Formal

Analysis, Investigation, Methodology, Project administration,

Writing – original draft, Writing – review & editing. BT: Writing

– original draft, Writing – review & editing. WN: Writing –

original draft, Writing – review & editing. MP: Writing –

original draft, Writing – review & editing. FG: Writing – original

draft, Writing – review & editing. EP: Writing – original draft,

Writing – review & editing. RL: Validation, Writing – original

draft, Writing – review & editing. AM: Writing – original draft,

Writing – review & editing. JP: Funding acquisition, Supervision,

Writing – original draft, Writing – review & editing.
Funding

The author(s) declare financial support was received for the

research, authorship, and/or publication of this article. The
frontiersin.org

https://doi.org/10.3389/falgy.2024.1481281
https://www.frontiersin.org/journals/allergy
https://www.frontiersin.org/


Konyana et al. 10.3389/falgy.2024.1481281
IMARI-Africa project is part of the EDCTP2 programme

supported by the European Union (Grant number TMA2017SF-

1981). Research reported in this publication was supported by

the National Institute of Allergy and Infectious Diseases of the

National Institutes of Health under Award Number

R01AI152183. The content is solely the responsibility of the

authors and does not necessarily represent the official views of

the National Institutes of Health. Philips E, reports grants from

National Institutes of Health (R01HG010863, R01AI152183,

01AI154659), grant support from UAI109565 and from the

National Health and Medical Research Council of Australia. She

receives Royalties from UpToDate and fees from Janssen, Vertex,

Biocryst and Regeneron. She is co-director of IIID Pty that holds

a patent for HLA-B*57:01 testing for abacavir hypersensitivity

and has a patent pending for Detection of Human Leukocyte

Antigen-A*32:01 in connection with Diagnosing Drug Reaction

with Eosinophilia and Systemic Symptoms without any financial

remuneration and not directly related to the submitted work.

Lehloenya R, is supported by the South African Medical

Research Council and non-rated researcher support from the

South African National Research Foundation. Peter J was
Frontiers in Allergy 09
supported by an NIH Fogarty career development award

(K43TW011178-04) during this work. Mankahla A is supported

by the South African Medical Research Council, by a self-

initiated research grant.
Conflict of interest

The authors declare that the research was conducted in the

absence of any commercial or financial relationships that could

be construed as a potential conflict of interest.
Publisher’s note

All claims expressed in this article are solely those of the

authors and do not necessarily represent those of their affiliated

organizations, or those of the publisher, the editors and the

reviewers. Any product that may be evaluated in this article, or

claim that may be made by its manufacturer, is not guaranteed

or endorsed by the publisher.
References
1. Dheda K, Barry CE 3rd, Maartens G. Tuberculosis. Lancet. (2016) 387
(10024):1211–26. doi: 10.1016/S0140-6736(15)00151-8

2. Lehloenya RJ, Dheda K. Cutaneous adverse drug reactions to anti-tuberculosis
drugs: state of the art and into the future. Expert Rev Anti-Infect Ther. (2012) 10
(4):475–86. doi: 10.1586/eri.12.13

3. RegiSCAR. www.regiscar.org. (cited 2024 July 27). Available online at: http://
www.regiscar.org/ (accessed July 27, 2024).

4. Peter JG, Lehloenya R, Dlamini S, Risma K, White KD, Konvinse KC, et al. Severe
delayed cutaneous and systemic reactions to drugs: a global perspective on the science
and art of current practice. J Allergy Clin Immunol Pract. (2017) 5(3):547–63. doi: 10.
1016/j.jaip.2017.01.025

5. Copaescu A, Ben-Shoshan M, Trubiano JA. Tools to improve the diagnosis and
management of T-cell mediated adverse drug reactions. Front Med (Lausanne). (2022)
9:6. doi: 10.3389/fmed.2022.923991

6. Bastuji-Garin S, Fouchard N, Bertocchi M, Roujeau JC, Revuz J, Wolkenstein P.
SCORTEN: a severity-of-illness score for toxic epidermal necrolysis. J Invest Dermatol.
(2000) 115(2):149–53. doi: 10.1046/j.1523-1747.2000.00061.x

7. Shiohara T, Inaoka M, Kano Y. Drug-induced hypersensitivity syndrome (DIHS): a
reaction induced by a complex interplay among herpesviruses and antiviral and antidrug
immune responses. Allergol Int. (2006) 55(1):1–8. doi: 10.2332/allergolint.55.1

8. Miyagawa F, Asada H. Current perspective regarding the immunopathogenesis of
drug-induced hypersensitivity syndrome/drug reaction with eosinophilia and systemic
symptoms (DIHS/DRESS). Int J Mol Sci. (2021) 22(4):2147. doi: 10.3390/
ijms22042147

9. Veenstra S, Porter MN, Thwala BN, Pillay N, Panieri MA, van der Westhuizen J,
et al. Long-term HIV and tuberculosis outcomes in patients hospitalised with severe
cutaneous adverse reactions. J Clin Tuberc Other Mycobact Dis. (2023) 32:100374.
doi: 10.1016/j.jctube.2023.100374

10. Lehloenya RJ, Phillips EJ, Pasieka HB, Peter J. Recognizing drug hypersensitivity
in pigmented skin. Immunol Allergy Clin North Am. (2022) 42(2):219–38. doi: 10.
1016/j.iac.2022.01.005

11. Naranjo CA, Busto U, Sellers EM, Sandor P, Ruiz I, Roberts EA, et al. A method
for estimating the probability of adverse drug reactions. Clin Pharmacol Ther. (1981)
30(2):239–45. doi: 10.1038/clpt.1981.154

12. Sassolas B, Haddad C, Mockenhaupt M, Dunant A, Liss Y, Bork K, et al.
ALDEN, an algorithm for assessment of drug causality in Stevens-Johnson
syndrome and toxic epidermal necrolysis: comparison with case-control analysis.
Clin Pharmacol Ther. (2010) 88(1):60–8. doi: 10.1038/clpt.2009.252

13. Woodruff CM, Botto N. The role of patch testing in evaluating delayed
hypersensitivity reactions to medications. Clin Rev Allergy Immunol. (2022) 63
(2):255–69. doi: 10.1007/s12016-022-08924
14. Tempark T, John S, Rerknimitr P, Satapornpong P, Sukasem C. Drug-induced
severe cutaneous adverse reactions: insights into clinical presentation,
immunopathogenesis, diagnostic methods, treatment, and pharmacogenomics. Front
Pharmacol. (2022) 13:832048. doi: 10.3389/fphar.2022.832048

15. Porter M, Choshi P, Pedretti S, Chimbetete T, Smith R, Meintjes G, et al. IFN-γ
ELISpot in severe cutaneous adverse reactions to first-line antituberculosis drugs in an
HIV endemic setting. J Invest Dermatol. (2022) 142(11):2920–8.e5. doi: 10.1016/j.jid.
2022.05.1059

16. Para MF, Finkelstein D, Becker S, Dohn M, Walawander A, Black JR. Reduced
toxicity with gradual initiation of trimethoprim-sulfamethoxazole as primary
prophylaxis for pneumocystis carinii pneumonia: AIDS clinical trials group 268.
J Acquir Immune Defic Syndr. (2000) 24(4):337–43. doi: 10.1097/00042560-
200008010-00007

17. Fogarty International Center Emerging Global Leader award for Associate
Prof. Jonny Peter. Fogarty HIV-associated Tuberculosis Training Program.
2018 (cited 2024 July 25). Available online at: https://health.uct.ac.za/hattp/articles/
2018-10-23-fogarty-international-center-emerging-global-leader-award-associate-
prof-jonny-peter (accessed July 25, 2024).

18. Tangamornsuksan W, Lohitnavy M. Association between HLA-B*1301 and
dapsone-induced cutaneous adverse drug reactions. JAMA Dermatol. (2018) 154
(4):441.8. doi: 10.1001/jamadermatol.2017.6484

19. Satapornpong P, Pratoomwun J, Rerknimitr P, Klaewsongkram J, Nakkam N,
Rungrotmongkol T, et al. HLA-B*13:01 is a predictive marker of dapsone-induced
severe cutaneous adverse reactions in Thai patients. Front Immunol. (2021) 12:1.
doi: 10.3389/fimmu.2021.661135

20. Pratoomwun J, Thomson P, Jaruthamsophon K, Tiyasirichokchai R, Jinda P,
Rerkpattanapipat T, et al. Characterization of T-cell responses to SMX and SMX-
NO in co-trimoxazole hypersensitivity patients expressing HLA-B*13:01. Front
Immunol. (2021) 12:1. doi: 10.3389/fimmu.2021.658593

21. Peter J, Choshi P, Lehloenya RJ. Drug hypersensitivity in HIV infection. Curr
Opin Allergy Clin Immunol. (2019) 19(4):272–82. doi: 10.1097/ACI.
0000000000000545

22. Goldstein B, Berman B, Sukenik E, Frankel SJ. Correlation of skin disorders with
CD4 lymphocyte counts in patients with HIV/AIDS. J Am Acad Dermatol. (1997) 36
(2):262–4. doi: 10.1016/s0190-9622(97)70295-0

23. Meintjes G, Maartens G. HIV-Associated Tuberculosis. N Engl J Med. (2024) 391
(4):343–55. doi: 10.1056/NEJMra2308181

24. Wasuwanich P, So J, Chakrala TS, Chen J, Motaparthi K. Epidemiology of
Stevens-Johnson syndrome and toxic epidermal necrolysis in the United States and
factors predictive of outcome. JAAD Int. (2023) 13:17–25. doi: 10.1016/j.jdin.2023.
06.014
frontiersin.org

https://doi.org/10.1016/S0140-6736(15)00151-8
https://doi.org/10.1586/eri.12.13
http://www.regiscar.org
http://www.regiscar.org/
http://www.regiscar.org/
https://doi.org/10.1016/j.jaip.2017.01.025
https://doi.org/10.1016/j.jaip.2017.01.025
https://doi.org/10.3389/fmed.2022.923991
https://doi.org/10.1046/j.1523-1747.2000.00061.x
https://doi.org/10.2332/allergolint.55.1
https://doi.org/10.3390/ijms22042147
https://doi.org/10.3390/ijms22042147
https://doi.org/10.1016/j.jctube.2023.100374
https://doi.org/10.1016/j.iac.2022.01.005
https://doi.org/10.1016/j.iac.2022.01.005
https://doi.org/10.1038/clpt.1981.154
https://doi.org/10.1038/clpt.2009.252
https://doi.org/10.1007/s12016-022-08924
https://doi.org/10.3389/fphar.2022.832048
https://doi.org/10.1016/j.jid.2022.05.1059
https://doi.org/10.1016/j.jid.2022.05.1059
https://doi.org/10.1097/00042560-200008010-00007
https://doi.org/10.1097/00042560-200008010-00007
https://health.uct.ac.za/hattp/articles/2018-10-23-fogarty-international-center-emerging-global-leader-award-associate-prof-jonny-peter
https://health.uct.ac.za/hattp/articles/2018-10-23-fogarty-international-center-emerging-global-leader-award-associate-prof-jonny-peter
https://health.uct.ac.za/hattp/articles/2018-10-23-fogarty-international-center-emerging-global-leader-award-associate-prof-jonny-peter
https://doi.org/10.1001/jamadermatol.2017.6484
https://doi.org/10.3389/fimmu.2021.661135
https://doi.org/10.3389/fimmu.2021.658593
https://doi.org/10.1097/ACI.0000000000000545
https://doi.org/10.1097/ACI.0000000000000545
https://doi.org/10.1016/s0190-9622(97)70295-0
https://doi.org/10.1056/NEJMra2308181
https://doi.org/10.1016/j.jdin.2023.06.014
https://doi.org/10.1016/j.jdin.2023.06.014
https://doi.org/10.3389/falgy.2024.1481281
https://www.frontiersin.org/journals/allergy
https://www.frontiersin.org/


Konyana et al. 10.3389/falgy.2024.1481281
25. Porter M, Smith R, Teixeira N, Thwala B, Choshi P, Phillips EJ, et al. First-line
anti-tuberculosis drug challenge reactions in DRESS in an HIV endemic setting.
J Allergy Clin Immunol Pract. (2024) 12(10):5. doi: 10.1016/j.jaip.2024.05.045

26. Moyo S, Ismail F, Van der Walt M, Ismail N, Mkhondo N, Dlamini S, et al.
Prevalence of bacteriologically confirmed pulmonary tuberculosis in South Africa,
2017–19: a multistage, cluster-based, cross-sectional survey. Lancet Infect Dis.
(2022) 22(8):3. doi: 10.1016/S1473-3099(22)00149-9

27. Grifoni A, Sidney J, Carpenter C, Phillips E, Mallal S, Scriba TJ, et al. Sequence-
based HLA-A, B, C, DP, DQ, and DR typing of 159 individuals from the Worcester
region of the western cape province of South Africa. Hum Immunol. (2018) 79
(3):143–4. doi: 10.1016/j.humimm.2018.01.004

28. Tshabalala M, Mellet J, Vather K, Nelson D, Mohamed F, Christoffels A, et al.
High resolution HLA ∼A, ∼B, ∼C, ∼DRB1, ∼DQA1, and ∼DQB1 diversity in South
African populations. Front Genet. (2022) 13:1. doi: 10.3389/fgene.2022.711944

29. Loubser S, Paximadis M, Gentle NL, Puren A, Tiemessen CT. Human leukocyte
antigen class I (A, B, C) and class II (DPB1, DQB1, DRB1) allele and haplotype
variation in black South African individuals. Hum Immunol. (2020) 81(1):6–7.
doi: 10.1016/j.humimm.2019.12.003

30. Hung SI, Mockenhaupt M, Blumenthal KG, Abe R, Ueta M, Ingen-Housz-Oro S,
et al. Severe cutaneous adverse reactions. Nat Rev Dis Primers. (2024) 10(1):1. doi: 10.
1038/s41572-024-00514-0
Frontiers in Allergy 10
31. Verna R, Vasudevan B, Pragasam V. Severe cutaneous adverse drug reactions.
Med J Armed Forces India. (2013) 69(4):375–83. doi: 10.1016/j.mjafi.2013.01.007

32. Rademaker M. Do women have more adverse drug reactions? Am J Clin
Dermatol. (2001) 2(6):349–51. doi: 10.2165/00128071-200102060-00001

33. Zopf Y, Rabe C, Neubert A, Janson C, Brune K, Hahn EG, et al. Gender-based
differences in drug prescription: relation to adverse drug reactions. Pharmacology.
(2009) 84(6):333–9. doi: 10.1159/000248311

34. Lehloenya RJ, Peter J, Copascu A, Trubiano JA, Phillips EJ. Delabeling delayed
drug hypersensitivity: how far can you safely go? J Allergy Clin Immunol Pract. (2020)
8(9):2878–95.e6. doi: 10.1016/j.jaip.2020.07.005

35. Copaescu A, Mouhtouris E, Vogrin S, James F, Chua KYL, Holmes NE, et al. The
role of in vivo and ex vivo diagnostic tools in severe delayed immune-mediated adverse
antibiotic drug reactions. J Allergy Clin Immunol Pract. (2021) 9(5):2010–15.e4.
doi: 10.1016/j.jaip.2020.12.052

36. Kardaun SH, Sekula P, Valeyrie-Allanore L, Liss Y, Chu CY, Creamer D, et al.
Drug reaction with eosinophilia and systemic symptoms (DRESS): an original
multisystem adverse drug reaction. Results from the prospective RegiSCAR study.
Br J Dermatol. (2013) 169(5):1071–80. doi: 10.1111/bjd.12501

37. ChangWC, Abe R, Anderson P, AndersonW, Ardern-Jones MR, Beachkofsky TM,
et al. Corrigendum to “SJS/TEN 2019: from science to translation” [J. Dermatol. Sci. 98/1
(2020) 2–12]. J Dermatol Sci. (2021) 104(2):146–7. doi: 10.1016/j.jdermsci.2021.09.008
frontiersin.org

https://doi.org/10.1016/j.jaip.2024.05.045
https://doi.org/10.1016/S1473-3099(22)00149-9
https://doi.org/10.1016/j.humimm.2018.01.004
https://doi.org/10.3389/fgene.2022.711944
https://doi.org/10.1016/j.humimm.2019.12.003
https://doi.org/10.1038/s41572-024-00514-0
https://doi.org/10.1038/s41572-024-00514-0
https://doi.org/10.1016/j.mjafi.2013.01.007
https://doi.org/10.2165/00128071-200102060-00001
https://doi.org/10.1159/000248311
https://doi.org/10.1016/j.jaip.2020.07.005
https://doi.org/10.1016/j.jaip.2020.12.052
https://doi.org/10.1111/bjd.12501
https://doi.org/10.1016/j.jdermsci.2021.09.008
https://doi.org/10.3389/falgy.2024.1481281
https://www.frontiersin.org/journals/allergy
https://www.frontiersin.org/

	Spectrum of offending drugs and cutaneous adverse drug reactions requiring hospitalisation in a tertiary South African hospital in TB/HIV endemic setting
	Introduction
	Materials and methods
	Results
	Cutaneous manifestations of SCAR in study population
	Demographics, co-morbidities, CADR phenotypes and outcomes of admissions
	Offending drug(s) causing the CADR

	Discussion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Conflict of interest
	Publisher's note
	References


