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ABSTRACT  

Introduction: A greater incidence of severe cutaneous adverse drug reaction (SCAR) such as Drug 

Reaction with Eosinophilia Systemic Symptoms (DRESS) and Stevens-Johnson syndrome/toxic 

epidermal necrolysis (SJS/TEN) occur among HIV-infected patients. We sought to characterize the 

immunohistological phenotype of the skin in these reactions to first-line TB drugs in HIV-infected 

cases, with a hypothesis that a possible depletion of T-regulatory cells (Tregs) and increased 

infiltration of effector cells may contribute to SCAR in the context of HIV. 

Participants and Methods: HIV cases with validated SCAR phenotypes (probable or definite) and 

confirmed reactions to either one or multiple first-line anti-TB (FLTB) drugs were chosen (n=20). 

These cases were matched against controls of HIV-uninfected patients who develop SCAR (n=6). 

Immunohistochemistry assays were carried out with the following antibodies: CD3, CD4, CD8, 

CD45RO and FOXP3. Positive cells were normalized to the number of CD3+ cells present. 

Results: Infiltrated immunoreactive T cells in SCAR were mainly found in the dermis. Dermal and 

epidermal CD4+ T-cells (and CD4+/CD8+ ratios) were lower in HIV-infected versus uninfected 

DRESS; p < 0.001 and p = 0.004, respectively. In contrast, no difference in dermal CD4+FOXP3+ 

Tregs were found in HIV-infected versus uninfected DRESS; median (IQR) CD4+FOXP3+ Tregs: 

[10 (0 - 30) cells/mm2 versus 4 (3 - 8) cells/mm2, p = 0.325]. HIV-infected SCAR patients clinically 

reacting to more than one FLTB drug (n=4) showed increased dermal CD4+ T-cells compared to 

single drug reactors (n=12), [32 (23 - 41) versus 15 (11 - 20) cells/high-powered field, p = 0.03]. 

This was associated with increased dermal CD4+FOXP3+ Tregs in multiple drug reactors, [39 (36-

48) versus 10 (1-22), p = 0.02] 

Conclusion: HIV-infected and uninfected SCAR was associated with an increased infiltration of 

cytotoxic CD8+ T-cells compared to normal skin, displaying their role as key mediators of tissue 

damage. CD4+ T-cells were decreased in HIV-infected SCAR, in line with known HIV pathology 

and higher dermal infiltrates were associated with risk for reactivity to multiple unrelated 

medications. While inter-individual variation was high, dermal Tregs were in fact increased in 

HIV-infected DRESS, and this requires further research to understand their role and any possible 

impact on lower SCAR mortality amongst HIV-infected patients.  
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1. LITERATURE REVIEW 

1.1. Introduction 

Adverse drug reactions (ADRs) are unintended harmful reactions to medications and contribute to 

a high number of admissions to hospital, with approximately 1 in 12 admissions being ADR-related 

in South African hospitals (Mounton et al., 2016). ADRs have significant morbidity and mortality, 

with a study of four hospitals in South Africa, including Groote Schuur Hospital, revealing that 

ADRs contribute to the death of 2.9% of medical admissions in adult medical wards (Mouton et 

al., 2015). ADRs can result from either on-target or off-target effects. On-target ADRs are 

predictable reactions caused by the intended pharmacological action of the drug (type A) and are 

the most common. Off-target ADRs (type B) are heterogenous reactions that have varying clinical 

manifestations and mechanisms and are often immune-mediated, termed immune mediated adverse 

drug reactions (IM-ADRs). They are unpredictable, and comprise 15-20% of all ADRs (Peter et 

al., 2017). Existing IM-ADRs classifications are based on the primary immune effector/trigger 

involved in the reaction, and include B-cell antibody mediated reactions (Gell-Coombs type I-III) 

and T-cell mediated delayed hypersensitivity reactions (Gell-Coombs type IV) (Karnes et al., 

2019). In addition to IM-ADRs, there is also a growing recognition of non-immune contributions 

and novel immune receptors to ADRs (Blumenthal et al., 2019). 

Figure 1-1: Classification of on-target and off-target ADRS (blue panel). Off-target effects that are not 

immunologically mediated (left) include direct cellular toxicity or disruption of normal physiology, 

interaction with non-immune receptors, and interaction with non-immune receptors. Adaptive immune 
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responses that are immunologically mediated (right) can be antibody mediated (e.g., IgE) immediate 

reactions or T-cell-mediated delayed reactions.  Adapted from (Blumenthal et al., 2019).   

Cutaneous adverse drug reactions (CADR) are frequent ADRs that involve the skin, with non-life-

threatening presentations including maculopapular eruption (MPE), fixed drug eruptions (FDE) 

and urticaria. Severe cutaneous adverse drug reactions (SCARS) are off-target T-cell-mediated 

CADRs that, albeit uncommon, are potentially life-threatening and are associated with high 

morbidity and mortality. The most common SCAR clinical manifestations globally are drug 

reaction with eosinophilia and systemic symptoms (DRESS) and Stevens-Johnson syndrome/toxic 

epidermal necrolysis (SJS/TEN) with prevalence data of 4/10 000 and 1-7/1 000 000 respectively 

(Peter et al., 2017). It is well established that patients with Human Immunodeficiency Virus (HIV) 

suffer from ADRs at a higher rate than HIV-uninfected people. ADRs are a major obstacle to 

treatment success in tuberculosis (TB) and HIV and are a source of tremendous economic burden 

(Knight et al., 2019). IM-ADRs occur 2-100 times more commonly in HIV patients, with 1 in 10 

HIV patients required to stop an offending drug/drugs in multi drug resistant tuberculosis regimens 

due to ADRs (Dheda et al., 2016, Lehloenya and Dheda, 2012).  

Although SCARs are less common than low severity CADRs (20% of all HIV-infected patients), 

these severe reactions result in prolonged and high cost of hospitalization, and substantial long-

term morbidity (Lehloenya and Dheda, 2012, Knight et al., 2019). They are particularly 

problematic in the context of HIV TB co-infection. HIV patients are immunologically vulnerable, 

with an annual incidence for active TB of 10%, and TB the leading cause of death (Dheda et al., 

2016). Unfortunately, first-line anti-TB drugs are the commonest offending agents causing SCAR 

in the South African setting (3-5 cases/month in a single tertiary hospital) (Peter et al., 2017). 

Interestingly, some patients report tolerance to anti-TB drugs prior to the development of HIV but 

develop SCAR on subsequent exposures to first-line anti-TB drugs (FLTB) when co-infected with 

HIV, TB-HIV co-infected patients can ill afford treatment interruptions, which occur as a 

consequence of SCAR. Identifying the culprit drug is a major challenge in the context of 4-8 drug 

polypharmacy. Premature interruption can also worsen transmission of disease and hasten the 

development of drug resistant TB, with significant public health consequences. Furthermore, 

approximately 25% of HIV-infected patients will react to more than one of the anti-TB drugs during 

sequential drug rechallenge (SDC), despite diversity in the chemical structure of offending drugs 

(Lehloenya and Dheda, 2012, Lehloenya et al., 2012).  
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1.2. Drugs associated with hypersensitivity in HIV. 

Offending SCAR drugs depend on disease burden and prescribing patterns. Several drugs have 

been implicated with SCAR, but the main culprits include anticonvulsants (i.e., carbamazepine and 

phenytoin), allopurinol, antiretrovirals, antimicrobials and nonsteroidal anti-inflammatory drugs 

(Karnes et al., 2019). In contrast, the most common offending drugs causing IM-ADRs in South 

Africa are FLTD, antiretrovirals and cotrimoxazole. Table 1-1 shows key drugs that are associated 

with IM-ADRs in an HIV TB endemic setting (Peter et al., 2019).  

Antituberculosis drugs are associated with significant ADRs. The combined use of drugs including 

rifampicin, pyrazinamide, ethambutol, and isoniazid for first-line anti-tuberculosis drugs are 

responsible for the majority of delayed hypersensitivity reactions. Isoniazid, rifampicin, and 

pyrazinamide are the most often implicated drugs for both SCAR and drug induced liver injury 

(DILI) (Nalitye Haitembu et al., 2021). The increased use of second line regimens due to the 

increase in drug resistant TB, has also seen them being contributors to ADRs (Nagarajan and 

Whitaker, 2018). Given South Africa’s high prevalence of HIV-TB coinfection, the number of 

people initiating combinational ART (cART) while on anti-tuberculosis treatment has increased. 

Several drugs in cART are also well-recognized cause of IM-ADRs, with nonnucleoside reverse 

transcriptase inhibitors (NNRTIs) the most prevalent. Nevirapine is the highest contributor to 

CADR, SCAR and DILI (Sarfo et al., 2014, Stewart et al., 2016, Wu et al., 2017). Hypersensitivity 

to NNRTIs such as abacavir is population dependent, as it has been eliminated in areas with routine 

HLA-B:57:01 testing in cART treatment programs (Peter et al., 2019, Stainsby et al., 2019).  Drug 

hypersensitivity syndrome, CADRs, and case reports of DILI to integrase stand transfer inhibitors 

such as dolutegravir have also been reported (Thomas et al., 2017, Wang et al., 2018). 

Cotrimoxazole used for prophylaxis and Pneumocystis jirovecii treatment is frequently initiated at 

a similar time as anti-tuberculosis therapy and also causes SCAR, with DRESS, SJS/TEN and FDE 

being reported (Hiransuthikul et al., 2016, Mockenhaupt et al., 2008). When patients with HIV-TB 

coinfection develop SCAR and are on cART as well as drugs used for prophylaxis or treatment of 

opportunistic infections, all treatment needs to be stopped, bridging therapy given and then a 

rigorous effort made to identify the offending drug due to overlapping adverse effect profiles of 

these drugs (Lehloenya and Dheda, 2012). 
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Table 1-1: Key drugs associated with IM-ADRs in the context of HIV.  

Drug Type of IM-ADR Prevalence 

Antiretrovirals 

Nevirapine 

 

 

Efavirenz 

 

Abacavir 

 

Dolutegravir 

CADR, SCAR: SJS/TEN, 

DRESS 

 

CADR, SCAR 

 

Abacavir hypersensitivity 

resections 

DHS, DILI 

CADR: 15-32%, DRESS: 5%, SJS/TEN: 0.3-

10% (Sarfo et al., 2014, Stewart et al., 2016, 

Yunihastuti et al., 2014) 

CADR: 6%, SCAR: 0.1% (Colebunders et al., 

2004, Sarfo et al., 2014) 

2.3-9% (Borras-Blasco et al., 2008, Ma et al., 

2010) 

1% (Walmsley et al., 2013) 

Anti-TB Drugs 

First-line  

Rifampicin 

Isoniazid 

 

Pyrazinamide 

 

 

Ethambutol 

 

 

Rifafour (fixed dose 

combination) 

 

CADR, SCAR, DILI, AIN 

CADR, SCAR, DILI 

 

CADR, SCAR 

 

 

SCAR: SJS/TEN, DRESS 

 

 

Mainly case reports 

 

(Lehloenya et al., 2016, Girling, 1997)  

(Bakkum et al., 2002, Viswanath et al., 2012) 

 

23% of HIV-infected patients receiving anti-

CADR: 2.8%, SCAR, DILI (Yunihastuti et al., 

2014, Tan et al., 2007) 

(Bakkum et al., 2002, Sanchez-Borges et al., 

2013, Surjapranata and Rahaju, 1979, Pegram 

et al., 1981) 

Mostly case reports (Lehloenya and Kgokolo, 

2014) 

Second-line  

Fluoroquinolones 

Ethionamide 

Kanamycin/Amikacin 

 

SCAR: DRESS & SJS 

 

~20% in HIV-infected patients  (Lehloenya et 

al., 2012) 

Anti-bacterial 

PJP prophylaxis 

Cotrimoxazole 

(TMP/SMX) 

 

CADR, SCAR: SJS/TEN, 

DRESS, FDE 

 

CADR: 10.9% (Sisay et al., 2018), SCAR 

(Mockenhaupt et al., 2008, Hiransuthikul et 

al., 2016) 

Abbreviations: AIN – acute interstitial nephritis, CADR – cutaneous adverse drug reactions, DILI – drug-induced 

liver injury, DRESS – drug reaction with eosinophils and systemic symptoms, HIV – human immunodeficiency 

virus; IM-ADR – immune mediated adverse drug reactions; PJP – Pneumocystis jeroveci pneumonia, SCAR – 

severe cutaneous adverse Reactions, SJS/TEN – Stevens-Johnson syndrome/toxic epidermal necrosis, TB – 

tuberculosis; TLR – treatment limiting reactions; TMP-SMX – trimethoprim sulfamethoxazole. Table adapted 

from (Peter et al., 2019). 
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1.3. Most common phenotypes of SCAR 

1.3.1. Drug reaction with eosinophilia and systemic symptoms (DRESS) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1-2: Montage of images to illustrate the important features of drug reaction with eosinophilia 

and systemic symptoms (DRESS). (a) exfoliative dermatitis with severe scaling in a background of 

erythema. (b) indurated erythematous macules and papules. (c) confluent and infiltrated plaques, 

indurated erythema. (d) mildly erythematous maculopapular rash with some coalescence into plaques. 

Images (a) and (b) were adapted from (Peter et al., 2017) and image (d) from (Oladokun et al., 2018) 

Drug reaction with eosinophilia and systemic symptoms (DRESS), also known as drug-induced 

hypersensitivity syndrome (DIHS) or drug hypersensitivity syndrome (DHS), can be associated 

with mortality of up to 10% (Lehloenya and Dheda, 2012). It is characterized by a delayed onset 

of clinical symptoms, which typically occurs 2-8 weeks after the start of treatment. Clinical 

symptoms may also persist even after cessation of treatment (Miyagawa and Asada, 2021). DRESS 

has diverse skin lesions that often start as a symmetrical MPE, that may progress to coalescent 
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erythema, infiltrate plaques, purpura, exfoliative dermatitis, and facial oedema. The rash is 

accompanied by fever, haematologic alterations such as eosinophilia, leucocytosis and/or 

lymphocytosis, and internal organ involvement such as liver injury (Lehloenya and Dheda, 2012). 

Although incidence is lower, other visceral organs such as pneumonitis, pancreatitis, nephritis and 

myocarditis  can be involved (Cho et al., 2017). An expansion of CD4+FOXP3+ regulatory  (Treg) 

T cells in circulation and those trafficking to the skin has also been associated with DRESS, and a 

sequential reactivation of human herpes viruses including cytomegalovirus (CMV),  human herpes 

virus (HHV)-6, HHV7 and Epstein-Barr Virus (EBV) usually detected 2-4 weeks after onset, has 

been reported (Cho et al., 2017). Autoimmune manifestations also occur as short or long term 

sequalae i.e., systemic lupus  erythematous (SLE), thyroiditis and type 1 diabetes (Karnes et al., 

2019).  Renal failure and as well advanced age are associated risk factors of disease (Peter et al., 

2017).  

1.3.2. Stevens-Johnson syndrome/toxic epidermal necrolysis (SJS/TEN) 

Stevens-Johnson syndrome (SJS) and toxic epidermal necrolysis (TEN) are phenotypes of the same 

disease and are characterized by differences in the percentage of body surface area affected by 

epidermal necrosis and detachment. When less than 10% of epidermal detachment is observed, the 

disease is termed SJS, and when more than 30% is observed, it is designated TEN (Peter et al., 

2017). Where there is 10-30% detached body surface area, it is considered as SJS/TEN overlap. 

Typical manifestations of SJS/TEN include erythematous macules and atypical target lesions on 

which blisters occur, leading to skin detachment. This detachment also affects the mucosa and 

reveals subepithelial erosions which are often haemorrhagic. A key feature of SJS/TEN is the early 

onset of painful erythema on the palms and soles (Lehloenya and Dheda, 2012). HIV infection, 

population clustered HLA alleles, renal failure, and radiotherapy are risk factors for SJS/TEN (Lin 

et al., 2020).  
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Figure 1-3: Montage of images to illustrate the important features of Stevens Johnson syndrome (SJS) 

and toxic epidermal necrolysis (TEN). (a) focal tender erythematous macules on the palms in SJS. (b) 

focal areas of early epidermal necrosis in a background of erythema in a patient with SJS. (c and d) 

stripping of the epidermis on the back and palms in TEN. Adapted from (Peter et al., 2017). 

1.3.2.1. Case validation 

Due to the lack of a universal consensus about case definitions of different SCAR, developing 

cohorts of standardised cases for mechanistic study and comparison across published datasets is a 

challenge. SCARs can be mimicked by multiple differential diagnoses, and hence careful clinical 

observation and thorough laboratory examination is required. A series of inclusion criteria have 

been proposed by the international Registry of Severe Cutaneous Adverse Reactions (RegiSCAR) 

for cases with suspected DRESS or SJS/TEN. For a suspected DRESS case, the inclusion criteria 

include hospitalized patients with the following systemic features: acute skin rash, fever above 

38֯C, enlarged lymph nodes, internal organ involvement; and haematological abnormalities 

including lymphocytosis or lymphocytopenia, eosinophilia and thrombocytopenia (Kardaun et al., 
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2007, Chen et al., 2013, Kardaun et al., 2014). The inclusion criteria sets for SJS/TEN include 

erythema, skin blister/erosions, epidermal detachment, mucosal involvement, Nikolsky sign, 

atypical targets, and fever above 38֯C (Bastuji-Garin et al., 1993, Rzany et al., 1999). These two 

inclusion criteria for suspected DRESS or SJS/TEN are followed by a validation scoring system 

that categorizes cases as possible, probable, or definite. Other scoring systems also existing for 

other aspects of SJS/TEN, such as SCORTEN - an illness severity score that has been developed 

to predict mortality in SJS/TEN cases based on clinical characteristics (i.e., age, associated 

malignancy, heart rate, serum blood urea nitrogen (BUN), body surface area involvement, serum 

bicarbonate, and serum glucose) (Fouchard et al., 2000). In this study, all cases were validated 

according to the RegiSCAR case definitions.  

1.3.2.2. Drug causality assessment tools  

Upon diagnosis of a SCAR reaction, immediate withdrawal of all possible offending drug(s) is 

required (Peter et al., 2017). In the case of polypharmacy and cessation of multiple possible 

offending agents, a standardised approach is necessary to identify the offending drug which can be 

a challenge. Validated drug causality tools are used to try and rank likely offending drugs and 

identify the culprit or indicate the level of uncertainty in advising exclusion of particular drugs in 

the future. The Naranjo scoring system is widely used, and can be applied across all types of ADRs 

(Naranjo et al., 1981). Naranjo has several limitations, and in the case of SJS/TEN, a more disease-

specific algorithm for drug causality for epidermal necrolysis (ALDEN) has been developed 

(Sassola et al., 2010).  

1.4. Immunopathogenesis 

The immunopathogenesis of SCAR is incompletely understood; the major mechanism is the crucial 

role of effector T-cells that are highlighted in Figure 1-4. Both CD8+ and CD4+ T cells are thought 

to mediate DRESS. Enhanced dermal lymphatic infiltration of lymphocytes and eosinophils, 

together with an increased secretion of inflammatory cytokines including TNF-α and interferon-

gamma (IFN-γ), are the main characteristics of DRESS. In SJS/TEN, the drug most likely interacts 

with the human leukocyte antigen protein (HLA) on antigen presenting cells (APCs) such as 

keratinocytes, which further activate drug specific CD8+ cytotoxic T cells (CTL). This results in 

accumulation of cytotoxic CD8+ T cells releasing perforin and granzyme B within epidermal 

blisters and meditating keratinocyte cell death (Peter et al., 2017, Nassif et al., 2004). Additionally, 

CTL, natural killer (NK) cells, and NK T cells are also stimulated to release granulysin, a crucial 

cytotoxic mediator in SJS/TEN that mediates keratinocyte death without the need for cell contact 

and is correlated with severity of disease. 
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Figure 1-4: Proposed major pathogenic mechanisms in drug induced SJS/TEN and DRESS. Adapted 

from: (Peter et al., 2017). 

Models describing how drugs might mediate activation of T cells have been proposed (Figure 1-

5). In the hapten/prohapten model, chemically reactive groups in drugs or reactive drug 

intermediates form covalent bonds with endogenous peptides. These modified peptides are 

processed by APCs and presented by the major histocompatibility complex (MHC) molecule, 

eliciting a T cell response. In the pharmacological-interaction model (p-i), the drug forms a direct 

non-covalent bond with the MHC or TCR, stimulating an immune response without the need for 

peptide. As this model does not require antigen processing it explains how some T cell-mediated 

reactions occur immediately after drug ingestion and after single exposure. The altered peptide 

repertoire binding model stipulates that the drug can non-covalently bind to the MHC, altering 

stereochemistry of the binding cleft resulting in an altered repertoire of self-peptides that are 
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recognized and presented to the TCR (Karnes et al., 2019). This is exemplified by the crystal 

structure of HLA-B*57:01 with abacavir and peptide which reveals that abacavir binds to the F 

pocket of the peptide binding groove, changing its stereochemistry and the sequence of the peptide 

presented to the TCR (Ostrov et al., 2012, Illing et al., 2012). 

Figure 1-5: Proposed models of drug hypersensitivity in SCAR immunopathogenesis (a) The 

hapten/prohapten model, (b) drug-specific pharmacological-interaction (p-i) model, (c) altered peptide 

repertoire model and (d) altered peptide repertoire model exemplified by the interaction between 

abacavir and HLA-B*57:01 that occurs in abacavir hypersensitivity syndrome. Adapted from: (Peter et 

al., 2017). 

1.5. HLA risk and TCR diversity: current paradigms in SCAR pathogenesis 

The HLA molecule, like the CDR3 of TCRs, displays high sequence diversity at its peptide binding 

grooves and allelic variety in the genes that encode it has been associated with risk of T cell-

mediated SCAR development in specific ethnic populations (White et al., 2015).  Strong class I 

HLA associations have been elucidated for abacavir drug hypersensitivity across populations, with 

HLA-B57:01 allele having a negative predictive value of 100% and positive predictive value of 

47.9% (Mallal et al., 2008). Other HLA-associations include HLA-B*15:02 in carbamazepine 

induced SJS/TEN in Asian populations and the HLA-B*35:05 allele for HIV-infected Thai patients 

(Chantarangsu et al., 2009, Chung et al., 2004). These discoveries have been translated into 

pretreatment pharmacogenetic screening strategies where population allele frequencies are high 

enough to make the number needed to test to prevent a hypersensitivity reaction sufficiently cost-

effective (Phillips and Mallal, 2009). 

Class I HLA restriction is necessary but not sufficient for SCAR, with many risk alleles carrying 

100% negative predictive values, but low positive predictive value and why some tolerant patients 

carrying the risk allele will not develop SCAR, indicates that additional determining factors must 

be present to develop these reactions. The same HLA risk allele for a particular drug can also result 
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in different clinical phenotypes, for instance B*58:01 is associated with both allopurinol-induced 

DRESS and SJS/TEN and HLA-A*31:01 with carbamazepine-induced DRESS and SJS/TEN 

(McCormack et al., 2011, Ozeki et al., 2010). The factors that determine the phenotype of SCAR 

in such cases are unknown. Cross reactive expanded effector memory T-cell clones are suggested 

as an important additional factor in SCAR development. For instance, a dominant TCR clonotype 

has been identified from 84% of carbamazepine-associated SJS/TEN patients, absent in 

carbamazepine-tolerant controls (Ko et al., 2011). Next generation sequencing of T cells isolated 

from blister fluid of Taiwanese patients with HLA-B*15:02 restricted carbamazepine-SJS/TEN has 

also been carried out, identifying a T cell clonotype with a specific public TCR (White et al., 2015).  

Several of the offending drugs implicated in SCAR amongst patients living with HIV have not had 

a clear HLA risk allele or dominant clonal TCR identified. To date, our research group and 

international collaborators have identified HLA-C*04:01 as a requirement for nevirapine-induced 

SJS/TEN and DRESS in South African populations, with a 100% negative predictive value. In a 

single case of nevirapine-induced TEN we have also identified oligoclonality of activated T-cells 

in blister fluid. We have also identified a putative HLA-B risk allele associated with rifampicin-

induced DRESS in a South African population. However, in both nevirapine-induced TEN and 

rifampicin-induced DRESS, the positive predictive value of the HLA risk allele remains very low.   

1.6. Immunological and physiological changes in HIV infection 

The increased likelihood to develop SCAR in HIV is not fully elucidated, but potential mechanisms 

include immunological and physiological changes through the life cycle of HIV/AIDS, as 

highlighted in Figure 1-6. Prior to HIV infection, individuals or populations may be genetically 

predisposed, carrying HLA or pharmacogenomic risk alleles. Upon infection and disease 

progression, this genetic risk is coupled with immunologic changes associated with immune 

hyperactivation and altered immunoregulatory pathways. With advanced HIV infection, additional 

risks include drug-specific factors; for example, polypharmacy or interrupted drug therapies; the 

rise of opportunistic co-infections such as TB or HHV; and metabolic disturbances. During chronic 

infection, there is a state of progressive immune dysregulation, and this likely contributes to the 

clinical manifestation of SCAR. Normal skin immunology is detailed in Figure 1-7, and the 

current understanding of cutaneous changes associated with progressive HIV-related infection 

and immunosuppression which are likely to contribute to SCAR are highlighted in Figure 1-8. 



26 

Figure 1-6: Increased susceptibility to immune-mediated adverse drug reactions through the course of 

HIV/AIDS disease. Adapted from (Peter et al., 2019) 

1.6.1. Normal skin immunology 

Innate and adaptive immune cell populations residing in normal skin, and their protective 

interactions, are highlighted in Figure 1-7. The primary function of the skin is to serve as a first 

line immunological barrier that prevents entry of any harmful substances or microorganisms 

(Pasparakis et al., 2014). The skin is made up of three major layers which include the epidermis, 

dermis and subcutis. Keratinocytes are the main cell type residing in the epidermis, with the stratum 

corneum forming the outermost layer responsible for barrier function, while tight junctions between 

keratinocytes form in the deep granular layer, creating an impermeable layer to microbes (Coates 

et al., 2019). Keratinocytes express pattern recognition receptors (PRRs) that recognize pathogen- 

and damage associated molecular patterns (PAMPS and DAMPS respectively) and are also a 

source for antimicrobial peptides (AMPs) including β-defensins and cathelicidins (Nestle et al., 

2009, Pivarcsi et al., 2004). Langerhans cells are the main APCs in the epidermis, and they express 

the receptor langerin that recognizes PAMPS, as well as CD1a and MHC-II molecules which 

activate T helper responses and cross-present antigens to cytotoxic CD8 T cells (Haniffa et al., 

2015). Interepithelial lymphocytes, mainly memory CD8+ T cells, also reside in the epidermis, 

providing immunosurveillance against specific pathogens (Kupper and Fuhlbrigge, 2004).  
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The dermis consists of dermal dendritic cells (dDCs), macrophages, NK cells, granulocytes (i.e., 

mast cells), innate lymphoid cells (ILCs) and tissue resident memory (TRM) T cells (CD8+/CD4+) 

(Nguyen and Soulika, 2019). In the steady state, they promote physiological functions in the skin. 

DCs are the first to encounter pathogen, and they present antigens to skin resident immune cells, 

activating inflammatory responses, or migrate to skin draining lymph nodes where they present 

antigens to naïve T cells (Kabashima et al., 2019, Kupper and Fuhlbrigge, 2004). Activation of 

naïve T cells result in production of antigen-specific T-cells with effector functions, which further 

differentiate into effector memory T cells (Sallusto et al., 1999). Mast cells contribute to allergic 

responses, as well as helping clear bacterial infection and promote healing through receptor-

MRGPRX2 AMP-ligand activation (Chompunud Na Ayudhya et al., 2020). Other granulocytes 

i.e., eosinophils contribute quickly to pathogen exposure through rapid recruitment to skin in 

response to chemokines. Innate lymphoid cells (ILCs), which consist of IL1, IL2 and IL3 

populations, have parallel functions to CD4+ T cell respond to innate signals in the absence of 

antigen-specific receptor expression (Panda and Colonna, 2019, Polese et al., 2020).  

 

Figure 1-7: A figure showing normal cutaneous immunology. Langerhans cells and keratinocytes, and 

a small number of CD8+ TRM are immune cells residing in the epidermis; while dDC, mast cells, TRM 

(CD8+/CD4+), macrophages and ILC populate the dermis. In response to pathogen, APCs migrate into 
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skin draining lymph nodes, presenting antigens to naive T cells, and stimulating their clonal expansion 

and differentiation into Teff cells. Chemokines and cytokines secreted by resident immune cells i.e., 

keratinocytes, upregulate expression of endothelial adhesion molecules and skin homing receptors on 

circulating immune cells. 1. Lymphocyte recruitment to skin is mediated by the CLA which binds E-

selectin on endothelial walls. CLA+ T cells co-express skin-homing receptors CCR4, CCR8 and CCR10 

for chemokine ligands CCL3, CCL17, CCL22 and CCL27 2. Monocytes express CCR2 and migrate to 

skin in response to CCL2 ligand secreted by keratinocytes 3. IL8 mediates neutrophil recruitment 

through chemokine receptor CXCR2 4. Other granulocytes i.e., eosinophils and basophils express 

CCR3 and CCR8 and respond to chemokines CCL11, CCL24 and CCL26. Abbreviations: APC – 

antigen presenting cell, CLA – cutaneous lymphocyte antigen, CCL3 – chemokine ligand, CCR4 – 

chemokine receptor, CXCR2: C-X-C motif chemokine receptor 2, ILC – innate lymphoid cell, 

TRM – tissue resident memory. Adapted from Chimbetete et al. (In press: Journal of Investigative 

Dermatology, 2022).  

1.6.2. HIV immune dysregulation in the skin  

An increased number of cutaneous disorders occur during the course of HIV infection (Coldiron 

and Bergstresser, 1989, Uthayakumar et al., 1997).  HIV-induced immune dysregulation in the skin 

is consistently thought to be the main driver of inflammatory and hypersensitivity skin disorders 

onset (Galhardo et al., 2004). The main cutaneous immunological changes following HIV infection 

are highlighted in Figure 1-8. Progressive loss of CD4+ T cells marks the hallmark of HIV infection 

(Okoye and Picker, 2013). The depletion of CD4+ T-cells may result in alterations of other CD4+ 

T cell subsets; for example, the immunosuppressive function and frequency of protective CD4+ 

Treg cells, as well as possible depletion of Th17 cells which contribute to epithelial barrier integrity 

(Okoye and Picker, 2013, Brenchley et al., 2008). Ongoing HIV viremia is associated with an 

expansion of HIV-specific effector CD8+ T-cells and marked immune hyperactivation 

characterized by excessive inflammatory cytokine levels (Peter et al., 2019, Galhardo et al., 2004).  

HIV-specific CD8+ TRM which are retained in the skin to mediate antiviral function, have been 

described to play a role in mediating skin disorders such as psoriasis and allergic contact 

dermatitis (Clark, 2015, Gaide et al., 2015, Suarez-Farinas et al., 2011), and are thought to 

contribute to the onset of SCAR.   

Langerhans cells and dDC are the first cells to encounter HIV at mucosal sites and are therefore 

the preferred targets for HIV infection (Gray et al., 2020b, Miller and Bhardwaj, 2013). DCs 

play a central role in viral transmission, target cell infection, and presentation of HIV antigens 

(Manches et al., 2014). Other innate immune cells such as macrophages, and mast cells 

expressing HIV receptors CCR5 and CXCR4, contribute to increased HIV viral load and 



29 

become reservoirs for latent HIV (Campbell et al., 2019, Sundstrom et al., 2007). Keratinocytes, 

although not directly infected with HIV, secrete inflammatory cytokines which may enhance viral 

replication and dissemination (Galhardo et al., 2004, Blauvelt and Katz, 1995). Put together, this 

HIV-driven immune dysregulation in the skin creates a crucible for exaggerated inflammation and 

hypersensitivity, resulting in the onset of various skin disorders. These HIV-induced cutaneous 

immunological changes have been well characterized systemically, however, at the level of the skin 

there is limited data reported in literature.  

 

Figure 1-8: Cutaneous immune dysregulation as a result of HIV infection. HIV infection results in 

alteration of both innate and adaptive immune response pathways. LCs and DCs, being the first immune 

cells to encounter HIV, transmit it to naïve T cells in skin draining lymph nodes. CD4+ T cells in 

circulation and those homing to the skin are depleted and an expansion of antiviral CD8+ and NK cells 

follows. A shift towards a Th2 cytokine profile is observed in advanced HIV infection resulting in 

increased monocyte and eosinophils infiltration, as well as B cell activation. This results in a state of 

high immune activation and dysfunction of immunoregulatory mechanisms, leading to the onset of 

inflammatory and hypersensitivity skin disorders. Adapted from Chimbetete et al. (In press: Journal of 

Investigative Dermatology, 2022). 
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1.7. Histopathology 

1.7.1. DRESS 

DRESS can exhibit different morphological patterns of inflammatory skin diseases. Although no 

single pathological finding is specific enough to confirm diagnosis, the presence of two or more 

distinct patterns in a single biopsy often served as a diagnostic clue for drug reaction (Cho et al., 

2017). Frequently reported histopathological findings include epidermal spongiosis, apoptotic 

(Civatte bodies) and necrotic keratinocytes, basal vacuolization, interface dermatitis and superficial 

perivascular infiltration of predominantly lymphocytes with or without eosinophils (Bellon, 2019, 

Orime, 2017); as highlighted in Figure 1-9. Interface dermatitis is the most common 

histopathological pattern in DRESS, consisting of interface inflammation (with inflammatory cells 

extending from the dermis traverse to the epidermal basement membrane) and/or lichenoid dermal 

inflammation. Interface dermatitis often leads to basal cell vacuolar degeneration accompanied by 

variably dense perivascular and interstitial infiltrates of lymphocytes, often resulting in exocytosis. 

Lichenoid dermatitis is associated with a dense band-like infiltrate in the papillary dermis 

comprising of lymphocytes. Apoptotic keratinocytes as a result of interface dermatitis have been 

shown to be closely related to liver and/or renal complications (Ortonne et al., 2015, Walsh et al., 

2013, Chi et al., 2014). The assumption being that the higher the degree of apoptotic keratinocytes 

usually mediated by CD8 effector T-cells, is indicative of a higher degree of cytotoxicity and hence 

the more severe levels of tissue damage (Cho et al., 2017). A perivascular infiltration comprising 

of lymphocytes, eosinophils, neutrophils, and atypical lymphocytes in the dermis is also 

characteristic of DRESS, with the intensity of lymphocytic infiltration reported to be linked to 

severity of liver injury and blood eosinophilia (Goncalo et al., 2016). Epidermal spongiosis, another 

common feature of DRESS, which often leads to intraepidermal vesicles, has been associated with 

non-severe forms of DRESS as well as absence of renal complications (Skowron et al., 2015).  

There are secondary morphological changes characteristic of DRESS that develop in epidermal or 

dermal compartments. Common epidermal morphological changes include orthokeratosis, 

hyperkeratosis, or parakeratosis of the stratum corneum. Additionally, there may be acanthosis of 

the spinous layer and dyskeratosis of the stratum granulosum (Ortonne et al., 2015). Pigmentary 

incontinence is often reported, which is seen as accumulation of melanin pigment in the upper 

dermis. This melanin is often noted as coarse granular, non-refractile brown pigment accumulations 

within the cytoplasm of dermal macrophages. 
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Figure 1-9: Histopathological patterns in skin lesions of DRESS syndrome. (a) Perivascular infiltrate 

(red arrowhead), dermal oedema (orange); (b) exocytosis (blue), spongiosis (green), lichenoid infiltrate 

(brown); (c) parakeratosis (black), perivascular infiltrate (red), necrotic keratinocytes (yellow), 

vacuolization of the basal layer (gray); (d) parakeratosis (black), perivascular infiltrate (red). 

Histological patterns are denoted by arrowheads. H&E stain, magnification 100x - (a); 200x - (b), (c), 

(d). Adapted from: (Weinborn et al., 2016) 

Immunohistochemical (IHC) data in DRESS has revealed a dense dermal infiltration of activated 

lymphocytes and eosinophils. A case report by (Hansel et al., 2017) of a DRESS case secondary to 

ceftriaxone also revealed the presence of IL-5, granzyme B, perforin, fatty acid synthase ligand 

(FasL), tumour necrosis factor (TNF)-α and interferon (IFN)-γ, supporting the consideration of 

DRESS as a mixed immunological response (Chen et al., 2013). Additionally, in lesional skin of 

patients with severe DRESS, an increased proportion of CD8+ T cells expressing granzyme B has 

been observed (Kerl and Kerl, 2021, Ortonne et al., 2015). 
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1.7.2. SJS/TEN 

SJS/TEN generally display subepidermal blisters with overlying necrosis of the epidermis. Early 

stages of SJS/TEN often display scattered apoptotic keratinocytes in the lower epidermis.  Fully 

developed lesions feature a vacuolar interface dermatitis, with basal cell vacuolar degeneration, 

often leading to subepidermal blisters. Complete necrosis is characteristic. The accompanying 

perivascular lymphocytic infiltrate and exocytosis in the upper dermis are usually sparse, although 

increased concentrations of lymphocytes and monocytes have been observed in blister fluid at later 

stages of disease. (Bellon, 2019, Phillips, 2018). Eosinophils are usually rare (Kerl and Kerl, 2021). 

 

 

Figure 1-10: Histopathology patterns in skin lesion of Stevens-Johnson syndrome/toxic epidermal 

necrosis (SJS/TEN). (a) TEN. Subepidermal bulla and full thickness necrosis in the blister roof, sparse 

superficial lymphocytic infiltrate. (b) Splitting at the subepidermal level; a necrotic but otherwise 

complete epidermis forms the blister roof. Granulysin expression in TEN (c) and SJS (d). Images (a) 

and (b) were adapted from (Kerl and Kerl, 2021), images (c) and (d) were adapted from (Weinborn et 

al., 2016) 
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1.8. Special populations of T-cells in the skin and HIV 

1.8.1. Effector memory cells in the skin – focus on tissue resident cells 

Immunological memory is an essential feature of adaptive immune responses. Upon activation of 

naïve T cells into effector T cells by APCs, a percentage of these cells differentiate into memory T 

cell subsets which include effector memory T cells (TEM), central memory T cells (TCM) and 

TRM. Skin TRM cells are a memory T cell subset that provide immune surveillance to secondary 

antigen exposure. A key feature of these cells is their long term survival which can persist for 

months or years, and their ability to stay localized in the skin and not egress to blood as TEM do 

(Chen and Shen, 2020). Both CD4+ and CD8+ TRM cells have been shown to exist in the skin, 

although protective properties are best defined for CD8+ T cells. CD8+ TRM cells mediate 

immunity through immediate effector function and rapid recruitment of circulating immune cells 

(Steinbach et al., 2018). TRM, similar to TEM, differ from TCM cells as they have low expression 

of CD62L (L-selectin) or the chemokine receptor-7 (CCR7), while expression of markers of tissue 

residency including CD69 is increased (CD103 may also be increased), as well as the skin-homing 

marker cutaneous lymphocyte antigen (CLA) and chemokine receptors (CCR4/-6/-8/-10 and 

CXCR6) (Topham and Reilly, 2018, Chen and Shen, 2020, Schunkert et al., 2021). CD69 retains 

TRM cells in skin by inhibiting expression and function of the receptor sphingosine 1-phosphate 

receptor type 1 (S1PR1) which is vital for T cell egress from the skin. CD103 mediates TRM 

retention by interacting with E-Cadherin, a cell adhesion molecule. CD49a is also reported to be 

expressed on TRM cells, depending on the subset of TRM and peripheral tissue (Topham and 

Reilly, 2018). CD49a mediates retention by binding to collagen and attachment to the extracellular 

matrix (Chen and Shen, 2020, Steinbach et al., 2018). In human healthy skin, TRM cells are best 

phenotypically identified as CD3+, CD4+/ CD8+, CD45RO+CD69+CLA+CCR7-CD62low and 

CD103+/- (Schunkert et al., 2021). Due to their long-term survival and low migratory properties, 

TRM cells have been implicated in several chronic inflammatory skin disease pathologies including 

psoriasis, vitiligo  and allergic contact dermatitis (Chen and Shen, 2020). Studies of CADR such 

as FDE that recur in the same location after re-exposure to the offending drug, have indicated that 

localised skin TRM cells may be driving inflammatory responses (Trubiano et al., 2020, Shiohara 

and Mizukawa, 2012). 

Due to availability of a wide variety of structurally unrelated drugs used to treat conditions, the 

need to rechallenge patients with causative drugs in the context of SCAR has reduced. However, 

there are cases where there may be no viable treatment options or alternative treatments are 

associated with higher risk. This is often seen in the case of comorbid HIV/TB-associated SCAR, 

whereby patients react to first-line drugs and the alternative treatment of second-line drug is less 
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effective and associated with poor outcomes (Peter et al., 2017, Lehloenya and Dheda, 2012). With 

SDC being the gold standard in identifying the offending drug, a positive reaction on rechallenge 

suggests the presence of drug-specific memory T cells in the skin or in circulation. Interestingly, a 

case report by Iriki et. al  described an SJS/TEN patient with severe lymphopenia, and demonstrated 

the presence of CD45RO+CD69+CD4+ and CD8+ T cells in the absence of circulating leukocytes, 

raising the possibility that TRM cells are key mediators of these reactions (Iriki et al., 2014). 

Furthermore, Trubiano et al examined the role of TRM cells in the recovery phase of patients with 

a history DRESS or maculopapular exanthema (MPE) (Trubiano et al., 2020). They found an 

increased number of CD45RO+CD69+CD4+CD8+ T-cell in the skin after resolution of DRESS. 

Furthermore, they rechallenged the patients by applying the drug intradermally at a site of initial 

drug reaction. Skin biopsies sampled acutely after rechallenging and 8 weeks after resolution 

showed accumulation of this resident phenotype. These findings showed that T cells infiltrate and 

convert to the TRM phenotype following drug rechallenge, supporting the idea that skin TRM cells 

may contribute to drug hypersensitivity. Recent immunofluorescence work by Romar G. 

investigated the role of TRM cells in mediating DRESS, SJS/TEN or morbilliform drug eruption 

(MDE) by staining lesional skin for CD3+, CD103+, CD45RO+ and CD45RA+ T cells (Romar, 

2020). They demonstrated that T-cells were more commonly CD45RO+ than CD45RA+, although 

a few CD103+ cells were observed. Despite these recent advances in characterising TRM, the 

predominant T-cell type (TCM or TRM) mediating these drug reactions remains unknown. 

1.8.2. Effector memory cells in HIV 

The concept of heterologous immunity, whereby a single TCR might recognize pathogens derived 

from more than one pathogen, is thought to contribute to the pathogenesis of  T-cell mediated 

hypersensitivity reactions (White et al., 2015). Viral infection or reactivation, particularly herpes 

family viruses (HHV6, HHV7, EBV, CMV), is thought to contribute to development of drug 

hypersensitivity through heterologous immunity, and the proposed models are highlighted in 

Figure 1-11  (Pavlos et al., 2017, Picard et al., 2010, Ushigome et al., 2013). Infection with HHV 

(or other pathogen) results in generation of virus-specific CD4+ and CD8+ T-cell responses and 

development of a TRM population which persists at the site of antigen encounter in the skin. These 

TRM cells can cross react with drug-induced peptides presented by HLA risk allele, resulting in 

drug hypersensitivity. (White et al., 2015, Schunkert et al., 2021).  The role HIV-specific T-cells, 

particularly TRM, play in mediating SCAR is unknown, although HIV-specific T-cell clones have 

been demonstrated to react in vitro against abacavir-altered peptide repertoire (Almeida et al., 

2019), suggesting that HIV-specific memory T-cells may contribute to hypersensitivity reactions 

through heterologous immunity.  
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Figure 1-11: Generation of heterologous immune responses that may contribute to the pathogenesis of 

SCAR. The pathogenesis of SCAR can be summarized as follows: 1) HLA risk allele is a prerequisite 

for SCAR; however, it is not sufficient for development disease. 2) Infection with HIV (or other 

pathogen i.e., HHV) induces a polyclonal T cell response. 3) HIV-specific effector memory T cells are 

generated and persist in host. 4) Exposure to offending drug and drug-endogenous peptide-HLA 

epitopes are generated. 5) HIV-specific effector memory T cells cross react with drug-endogenous 

peptide-HLA epitopes, are activated and result in clinical symptoms of SCAR.  Modified and adapted 

from (Pavlos et al., 2017).  

1.9. Regulatory T-cells  

1.9.1. Regulatory T-cells in the skin  

Regulatory T cells are a subset of CD4+ T cells that play a crucial role in inducing and maintaining 

tissue immune homeostasis and in the termination of immune responses (de Boer et al., 2007). Two 

subsets of Treg cells exist, differing in terms of development, specificity, and effector mechanisms. 

These include naturally occurring Treg cells, which are induced in the thymus; and adaptive Treg 
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cells which develop from mature T cells in peripheral tissues under certain conditions of antigen-

specific stimulation (de Boer et al., 2007). Tregs display a low expression of CD127 (IL-7 receptor) 

and a high cell surface expression CD25 (alpha chain of the IL-2 receptor), and their differentiation 

is regulated by the transcription factor forkhead box protein 3 (FOXP3) (Okoye and Picker, 2013). 

Although Tregs express CD25, the simultaneous expression of this marker on recently activated 

CD4 T cells has made it difficult to accurately identify these cells during immune activation (Ali 

and Rosenblum, 2017). There have been several reported mechanisms by which Tregs regulate the 

immune system. These include production of suppressor cytokines such as IL-10 and TGFβ, 

granzyme and perforin mediated cytolysis of effector cells, modulation of DC maturation and/or 

function required for effector T cell activation, and metabolic interruption through inhibition of 

proliferative response via IL-2 receptor (Vignali et al., 2009). Tregs in peripheral circulation have 

been shown to express the skin homing receptors CCR6 and CLA, enabling them to infiltrate into 

the skin (Ali and Rosenblum, 2017). A balance between effector cells and Tregs must always be 

established to maintain immune homeostasis. A dysfunction in Treg cells or abnormalities in their 

numbers is thought to disturb the control mechanism of immune regulation potentially leading to 

autoimmunity or aggravated pathogen induced inflammation.  

Tregs have been shown to comprise up to ~10% of all T cells in normal human skin; and ~20% of 

the CD4+ T cell compartment (Rodriguez et al., 2014). Majority of these cells are localized in the 

epidermis and dermis near hair follicles. This brings them in close proximity to localized APCs and 

effector T cells. Majority of skin Tregs have also shown to exhibit an activated effector memory 

phenotype (CD45RO+) suggestive of previous antigen exposure (Rodriguez et al., 2014, Boothby 

et al., 2020). Inflammation or tissue damage in the skin allows more Treg cells to home from 

circulation into the skin to suppress effector cells following antigen presentation in primary 

lymphoid organs. 

It has been reported that Tregs play a protective role against the development of SCAR. Using a 

transgenic mouse model that mimicked TEN, Azukizawa et al. demonstrated that transfer of 

CD4+CD25+ cells prevented epidermal damage; more efficiently when co-transferred with DCs 

(Azukizawa et al., 2005). This demonstrated that Tregs likely play a key role in the pathogenesis 

of TEN. Furthermore, a study by Takahashi et al. compared the number and function of peripheral 

blood Tregs in patients with DRESS and SJS/TEN at different time points after disease onset 

(Takahashi et al., 2009). They demonstrated that both peripheral blood and skin Tregs were 

expanded in the acute phase of DRESS, and that expansion of Treg cells occurred as the disease 

resolved. In TEN patients however, although Tregs were present in peripheral blood, their function 

and migratory capacity to skin was impaired and was later gained upon clinical improvement. 
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These findings may explain the delayed onset of DRESS in relation to introduction of causative 

drug, as well as why severe epidermal damage cannot be seen in DRESS as it is in SJS/TEN, 

besides activation of effector T cells (Shiohara et al., 2012, Takahashi et al., 2009). Additionally, 

it has been noted that Tregs eventually exhaust following resolution of DRESS, suggesting this 

could contribute to ongoing HHV viral replication as well as recurrence of clinical symptoms, the 

presence of autoantibodies and the onset of autoimmune diseases (Peter et al., 2017, Shiohara et 

al., 2015, Takahashi et al., 2009).  

1.9.2. Regulatory T-cells in HIV 

In persons living with HIV, the role of Tregs may be both beneficial and detrimental. Tregs express 

receptors CXCR4 and CCR5, and are therefore targets for HIV infection; human Tregs have been 

shown to be susceptible to HIV infection (Moreno-Fernandez et al., 2009). A number of factors 

have been shown to influence the frequency of Tregs detected in samples from HIV-infected 

patients including viral load, disease progression and antiretroviral therapy (de St Groth and Alan, 

2008). Interestingly, several studies have reported that Tregs in HIV infection are partially spared, 

based on the observation that despite the decrease in their absolute counts in circulation, their 

frequency increases in acute HIV infection (Kleinman et al., 2018, de St Groth and Alan, 2008). In 

addition, other studies have shown that effector cells are more preferentially infected with HIV 

compared to Tregs in vivo (Moreno-Fernandez et al., 2009, Simonetta and Bourgeois, 2013). This 

sparing mechanism has not yet been fully elucidated.  

Tregs have been shown to play a role in preventing the pathogenic consequences of chronic 

immune activation associated with ongoing HIV viral replication, by controlling the immune 

activation of virus producing cells, shifting them into the resting state and limiting the number of 

susceptible cells (Kleinman et al., 2018). However, this immunosuppression by Tregs may 

contribute to inefficient cell-mediated immunity in HIV infection and promote more viral 

replication (Moreno-Fernandez et al., 2009). Conflicting data has been published regarding the 

effect of HIV infection on Treg suppressive function. In vitro studies have reported HIV infection 

to either have no effect on Treg function (Moreno-Fernandez et al., 2009) or result in a loss of 

functionality (Angin et al., 2014). The different findings observed have been largely due to the 

different identification markers for Tregs used. The immunophenotype of Tregs in the context of 

HIV induced DRESS or SJS/TEN is poorly defined. There is little to no data on whether Tregs are 

spared in peripheral tissue such as skin in a similar manner as they are in circulation. Furthermore, 

it remains unclear whether Treg cell deficiency or dysfunction is causative in the induction of 

SCAR. Yang et al demonstrated a paucity of skin-directed CD4+ T-cells in HIV-infected TEN 

patients but found no difference between peripheral blood T-reg numbers amongst HIV-infected 
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and uninfected TEN patients (Yang et al., 2014). It must be noted that this study utilized CD25 as 

a marker for Treg cells, which is also upregulated in all activated T-cells abundant in TEN and thus 

this data may be skewed by CD25+ activated T-cells which are not Tregs.  

HIV-specific effector CD8+ T cells are known to expand through disease progression (Peter et al., 

2019, Jones and Walker, 2016). The loss of CD4+ T cells result in an increase in the ratio of 

CD8/CD4 T-cells in circulation, as well as skin (Yang et al., 2014). Furthermore, the possible 

depletion or dysfunction of Tregs as a result of CD4+ depletion could also drive this marked 

increase of effector CD8+ T-cells. In the context of SCAR, ongoing HIV viremia, as well as HIV-

specific memory T-cells can result in this increased pool of virus-specific effector CD8+ T cells 

(White et al., 2015). This expansion of CD8+ T-cells in an aid to fight viral infection, together with 

the possible depletion of immunoregulatory mechanisms, further drives the pathogenesis of 

inflammatory and hypersensitivity skin disorders and is associated with a higher degree of 

cytotoxicity and increased levels of tissue damage. This project aimed to expand on the findings 

from Yang et al. in our cohort of FLTD-induced SCAR, using improved site-of-disease techniques, 

better target immune cell markers and an increased sample size, with a hypothesis that the depletion 

of CD4+ T cells in HIV infection may cause a possible depletion of protective Tregs in the skin 

and an expansion of CD8+ effector cells, contributing to SCAR in context of HIV.  
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1.10. Aims and objectives 

Hypothesis:  

Basic and advanced immune profiling of the skin in SCAR, the site of disease, is non-existent for 

drug-SCAR combinations in African HIV TB endemic settings. Site-of-disease study has proved 

to be preferable in several immune-mediated pathologies and SCAR is likely to be similar, 

especially in the context of HIV immune dysregulation and the known importance of skin resident 

innate and adaptive immune cells. We hypothesize a role of HIV-related immune dysregulation 

in the skin to be important in the development of SCAR in HIV-infected populations. Immune 

dysregulation may cause depletion of protective T regulatory cells in the skin and increased 

infiltration of CD8+ or tissue resident effector cells, which will be addressed with 

immunohistochemistry approaches in the skin of patients. 

 

Overall aim: 

To characterize the immune phenotype of skin from SJS/TEN and DRESS to first-line anti-

tuberculosis drugs and cotrimoxazole comparing HIV-infected and uninfected patients. 

Objectives: 

Immunohistochemistry and immunofluorescence to enumerate differences in T-cell subsets 

(effector memory and regulatory T-cells) in lesional skin of SJS/TEN and DRESS: 

1. comparing HIV-infected and uninfected cases 

2. comparing different offending drugs, and patients reacting to single or multiple different drugs 

on rechallenge 

3. comparing to non-lesional skin of HIV-infected and uninfected controls 
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2. MATERIALS AND METHODS 

2.1. Ethical considerations 

Ethics approval for this laboratory study was obtained from the University of Cape Town (UCT), 

Faculty of Health Sciences Human Research Ethics Committee (HREC), Reference number 

377/2019. All participants (cases and controls) considered for this study were registered with the 

parent Immune-mediated Adverse Drug Reactions in African TB/HIV Endemic Settings (IMARI 

Africa) registry and biorepository (HREC Reference number R031/2018).  

2.2. Study design and selection of participants 

2.2.1. Inclusion criteria 

This was a sub-study of the IMARI-Africa registry and biorepository. This registry approaches 

patients ages 12 and older, diagnosed with a treatment-limiting immune-mediated adverse drug 

reaction. The focus of this study was a subset of the parent study that met the following additional 

requirements: 

i) Informed consent for examination of either stored or prospectively collected specimens 

(HREC R01/2018) 

ii) Age ≥ 18 years 

iii) Validated RegiSCAR phenotype of DRESS or SJS/TEN 

iv) Highest drug causality score for one of the four first-line anti-tuberculosis drugs 

(rifampicin, isoniazid, pyrazinamide, or ethambutol) and cotrimoxazole. 

v) Availability of formalin fixed paraffin embedded (FFPE) skin biopsy specimens from the 

National Health Laboratory Service (NHLS) collected for routine diagnostic 

histopathology.  

vi) Skin biopsies were to have been take during the acute phase of drug reaction (1 to 20 days 

from the onset of clinical symptoms). 

vii) Patient not on oral/intravenous corticosteroids or other immunosuppressive treatments at 

the time of skin biopsy.  

viii) Availability of Registry or folder data for clinical records and laboratory reports. 

2.2.2. Clinical and laboratory data 

The following clinical and laboratory data were collected in all SCAR cases and normal skin 

controls in relation to the time the skin biopsy was taken including age, gender, HIV status, most 

recent CD4 cell count, HIV viral loads, chronological drug exposure history prior to onset of 

clinical symptoms, dates of start of symptoms onset of SCAR, routine histopathologic skin biopsy 
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report and laboratory parameters. Laboratory findings extracted included liver function tests 

(LFTs); alanine aminotransferase (ALT), aspartate transaminase (AST), alkaline phosphatase 

(ALP) and gamma-glutamyl transferase (GGT), as well as eosinophil blood counts. 

2.2.3. Drug causality assessment 

Drug causality assessment reports were carried out for all possible offending drugs. These included 

Naranjo (DRESS) or Alden (SJS/TEN) probability scores suggesting a “possible”, “probable” or 

“definite” reaction for all possible offending drugs. For patients with a positive reaction upon SDC 

to a specific drug, a detail of the type of rechallenge reaction was recorded.  

Adjunctive data including Enzyme-linked Immunospot assay (ELISpot), and HLA data were 

extracted, where possible to aid confirmation of most likely causative drug and phenotype. The 

ELISpot assay has been used as an in vitro diagnosis of offending drugs (Lehloenya et al., 2020). 

This assay involves stimulation of T-cells with varying suspected offending drugs or metabolites, 

allowing for quantification of the number of spot-forming cells that release cytokine markers (i.e., 

IFN-γ or IL-5) or cytolytic molecules (i.e., granzyme B or granulysin) (Lehloenya et al., 2020). 

Other in-vitro and ex vivo diagnostic tests used include lymphocyte transformation testing (LTT) 

and flow cytometry. In this study, an IFN-γ ELISpot assay was run on patient peripheral blood 

mononuclear cells (PBMCs) using optimized stimulating drug concentrations for rifampicin (RIF) 

(25µg/ml), isoniazid (INH) (50µg/ml), pyrazinamide (PZA) (50µg/ml), and ethambutol (EMB) 

(50µg/ml) and Cotrimoxazole (TMP/SMX = 50/250µg/ml or 500/2500µg/ml; and the 

cotrimoxazole metabolite 4-Nitro-Sulfamethoxazole (4-NIT-10µg/ml or 4-NIT-100µg/ml). A 

positive Elispot result was considered to be greater than or equal to 50 spot forming units 

(SFU)/million cells (Copaescu et al., 2021, Porter et al., 2021, Porter et al., 2022). 

2.2.4. Sampling of skin biopsies 

We compared the biopsies from FLTD-induced HIV-infected DRESS or SJS/TEN cases to two 

control groups:  

i) HIV-uninfected DRESS or SJS/TEN cases 

ii) HIV-infected and uninfected normal skin  

DRESS cases were sampled from areas of maximal redness and infiltration, and SJS/TEN cases 

were sampled from active inflammatory areas adjacent to areas of epidermal necrosis.   Where 

known, the site where the skin biopsy was taken is highlighted in the patient timelines. Discarded 

healthy skin collected from surgical procedures served as control normal skin, and a 4 mm biopsy 

punch was obtained at a morphologically normal site. For patients with non-invasive cancers 
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undergoing breast mastectomies, normal non-cancerous skin was obtained at a site away from the 

tumour in the case of unilateral mastectomies, or from the non-cancerous breast in the case of 

bilateral mastectomies. 

2.2.5. Histopathological characterization 

To characterize the histopathological features of DRESS and SJS/TEN, the skin biopsy pathology 

diagnosis was retrieved and parameters were assessed as per (Ortonne et al., 2015). These included 

(i) changes of the stratum corneum including hyperkeratosis, orthokeratosis or parakeratosis; (ii) 

changes of the spinous layers including acanthosis, spongiosis, apoptotic keratinocytes, necrotic 

keratinocytes, epidermal blisters or detachment; (iii) changes of the dermoepidermal junction 

including focal/widespread interface dermatitis with or without basal vacuolar degeneration and 

exocytosis; (iv) characterization of inflammatory infiltrates (lymphocytes, eosinophils, neutrophils, 

plasma cells); (v) dermal infiltrate including architecture (i.e., lichenoid, perivascular); (vi) dermal 

changes: oedema and pigmentary incontinence. The degree or extent of morphological changes or 

inflammatory patterns (e.g., mild/severe lymphocytic infiltrate) observed was not recorded. 

2.3. Antibodies 

Primary antibodies to the following cell surface and intracellular markers were used (Table 2-1). 

Detection was performed as per assay description (Section 2.43.) using secondary antibodies 

detailed in Table A-1. Where possible, monoclonal primary antibodies were used in order to 

prevent cross-reactivity and limit background staining associated with polyclonal antibodies 

(Magaki et al., 2019). With triple staining of antibodies as in the regulatory T cell assay, a 

combination of primary antibodies generated from different host species was used to prevent cross 

reactivity (i.e., rabbit anti-CD4, mouse anti-FOXP3 or rat anti-CD3). 

Anti-CD3 antibody was used as the pan T cell marker which enables identification of all mature T-

lymphocytes. Helper T cells and cytotoxic T cells form the two major T cell subtypes that fall under 

CD3+ lymphocytes (Tripodo and Pileri, 2021, Vallejo et al., 2004). To identify the helper T 

lymphocyte subset, anti-CD4 antibody was used as a marker. Naïve CD4+ helper T cells recognize 

antigens presented by MHC-II molecule on APCs and differentiate into various helper T subtypes. 

Regulatory T cells form a subset of CD4+ T cells, and were identified using the antibodies anti-

CD3, -CD4+ and -FOXP3. To identify effector T cells, anti-CD8 antibody was used as a marker. 

CD8+ T-cells recognize antigens presented by MHC-I molecule and upon stimulation, mediate 

direct killing of antigen-presenting target cells (Tripodo and Pileri, 2021, Vallejo et al., 2004). 

CD4+ and CD8+ T cells can differentiate into effector memory T cells upon antigen exposure. 

Memory T cells were identified using the antibody anti-CD45RO. 



43 

Table 2-1: Primary antibodies 

Panel Primary antibody 

(clone) a 

Supplier Antigen 

Retrieval 

Dilution 

in PBS 

Incubation 

time  

Positive 

control tissue  

 

 

 

STANDARD 

IHC 

Rabbit anti-CD3 

(SP7) 

Abcam Citrate 1:150 1 hour  

 

 

 

Tonsil 

Rabbit anti-CD4 

(EPR6855) 

Abcam Tris-EDTA 1:400 1 hour 

Rabbit anti-CD8 

(Ab4055) 

Abcam Tris-EDTA 1:250 1 hour 

Mouse anti-CD45RO 

(UCHL1) 

Biolegend Tris-EDTA 1:200 1 hour 

 

TREG 

ASSAY 

Rat anti-CD3 (CD3-

12) 

Abcam Tris-EDTA 1:250 Overnight  

 

 

Appendix 

Rabbit CD4 

(EPR6855) 

Abcam Tris-EDTA 1:50 Overnight 

Mouse anti-FOXP3 

(236A/E7) 

Abcam Tris-EDTA 1:50 Overnight 

CD4+/CD8+ 

& CD45RO+  

co-expression 

Rabbit anti-CD4 

(EPR6855) 

Abcam Tris-EDTA 1:400 1 hour  

 

 

Tonsil 

Rabbit anti-CD8 

(Ab4055) 

Abcam Tris-EDTA 1:250 1 hour 

Mouse anti-CD45RO 

(UCHL1) 

Biolegend Tris-EDTA 1:200 1 hour 

a Reactivity species human. Abbreviations: CD3 – cluster of differentiation 3, EDTA - ethylenediaminetetraacetic 

acid, FOXP3 - forkhead box P3, IHC - immunohistochemistry, Treg - regulatory T cell.  

 

Table 2-2: Cell markers and justification for use 

Cell Name Markers Justification 

T-lymphocytes CD3+ (Clevers et al., 1988, Vallejo et al., 2004, 

Mousset et al., 2019) 

Helper T-cells CD4+ (Vallejo et al., 2004, Mousset et al., 

2019) 

Cytotoxic T-cells CD8+ (Vallejo et al., 2004, Mousset et al., 

2019) 

Memory T-cells CD45RO+ (Mousset et al., 2019, Farber et al., 2014) 

Regulatory T-cells CD3+CD4+CD25+ FoxP3+ (Atif et al., 2020, Miyara et al., 2009, 

Nishimura et al., 2004) 

*Make reference to antibody specification sheets. 



44 

2.4. Immunohistochemistry of FFPE skin biopsies 

Immunohistochemistry (IHC) utilizes basic antibody-antigen interactions to confirm the presence 

and distribution of various peptides or proteins within a tissue of interest. A primary or suitable 

secondary antibody is labelled with a fluorescent, chromogenic, radioactive, or colloidal gold 

marker and binds to the antigen or primary antibody bound to the antigen in a thin tissue slice. 

Binding is visualized by light or fluorescence microscopy, enabling qualitative and quantitative 

analysis. IHC has become a routine tool in both diagnostic and research laboratories and was used 

in this study to determine the phenotype of T cell infiltrates.  

2.4.1. Slide preparation 

Freshly collected skin from surgical procedures was processed by a qualified histology technician 

using the Leica TP1020 Automatic Benchtop Tissue Processor. Briefly, the skin tissue was placed 

in suitably labelled cassettes (small, perforated baskets) and then fixed with 10% formalin for 24 

hours at room temperature. The tissue was then dehydrated in graded ethanol (70% (15min), 2x 

90% (15min each) and 3x 100% (15min, 30min and 45min each, respectively) ethanol) to remove 

most of the water. The tissue was then cleared through 3 changes of xylene for 20 minutes each. 

Thereafter, the tissue was immersed in 3 changes of paraffin wax for 30 minutes, at 60°C. The 

tissue cassettes were then transferred to a tissue embedding station, placed on top of a mold. Molten 

wax was then added, completely covering the tissue cassette in the mold, and the mold was placed 

on a cold plate to solidify, forming a tissue wax block. Thereafter, the cassette was removed from 

the mold, and the wax block was ready for microtomy. For SCAR cases, an already processed 

FFPE tissue block for each case was retrieved from the National Health Laboratory Service (NHLS) 

archives. Sections of 10µm thickness were cut from the wax embedded blocks using a microtome, 

floated on a warm water bath (42°C), and picked up onto an aminopropyltriethoxysilane (APES) 

coated slide. The slides were incubated at 56 degrees Celsius overnight and dewaxed by three 

changes in 100% xylene for 1 minutes with 10 seconds of agitation. The slides were rehydrated in 

graded ethanol (3x 100%, 2x 90% and 1x 70%) for 1 min each and were washed in water. For 

standard histology (H&E), slides were stained with haematoxylin solution for 8 mins, rinsed in 

running tap water for 5 mins and then stained with eosin solution for 3 minutes. To stain specifically 

for eosinophils, slides were stained in Sirius red stain for 2 hrs instead of eosin stain (*cells were 

not quantified). Thereafter, the slides were then dehydrated in graded ethanol and xylene and 

mounted with Entellan mounting media.  
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2.4.2. Antigen retrieval for immunohistochemistry  

For immunohistochemistry, after rehydration, the slides were treated with 1% hydrogen peroxide 

(H2O2) in water solution for 15mins to block endogenous peroxidase activity. After, slides were 

washed well in water. Due to fixation of tissue blocks with formalin and substitution of water with 

paraffin, this results in formation of cross-linking of proteins that mask epitopes of interest (Bogen 

et al., 2009, Scalia et al., 2017). Antigen retrieval was performed prior to performing 

immunohistochemistry staining with antibodies of interest.  Heat-induced antigen (HIER) and 

proteolytic-induced antigen retrieval (PIER) are the most popular antigen retrieval methods for 

FFPE tissue. However, HIER has become the most common antigen retrieval method, often 

recommended by most antibody manufacturing companies (Kim et al., 2016). Furthermore, HIER 

using a pressure cooker has been reported to give optimal staining results compared to other 

retrieval methods (i.e., microwave-HIER or PIER) (Pileri et al., 1997). As per antibody 

manufacturer recommendations for all antibodies used, HIER retrieval was applied on these FFPE 

slides. After rehydrating and blocking endogenous peroxidase, slides were pressure cooked in 

either citrate buffer (1.92g Citric acid (anhydrous), 1L d.H2O, pH 6) or Tris-EDTA buffer (1.21g 

Tris, 0.37g EDTA, 1L dH2O, pH 9) as per antibody specification, for 2 minutes at full pressure. 

Slides were then immediately placed in water. 

2.4.3. Immunostaining 

i) Basic Immunohistochemistry 

After antigen retrieval, slides were rinsed with phosphate buffer saline (PBS) 1X (8g NaCL, 0.2g 

KCl, 1.44g Na2HPO42H2O, 0.24g KH2PO4, 1L d.H2O pH 7.4) to prevent them from drying. Non-

specific binding was blocked by treating slides with 1% Bovine Serum Albumin (BSA) in PBS for 

1 hour. The excess serum was drained off the slide and sections were incubated with 200 µL of the 

primary antibodies at room temperature at optimized dilutions and times as specified in Table 2-1 

above. The slides were washed well with PBS-tween (PBST) 1X (8g NaCL, 0.2g KCl, 1.44g 

Na2HPO42H2O, 0.24g KH2PO4, 500µl Tween-20 1L d.H2O pH 7.4) and the sections were incubated 

with 100ul DAKO envision labelled Polymer, HRP Rabbit (DAKO #K4003) or Mouse (DAKO 

#K4001) for 30 minutes at room temperature. Sections were then washed well with PBS. Positive 

staining of sections was obtained by applying 100ul chromogenic substrate 3.3. diaminobenzidine 

(DAB) (DAKO K3468) or Vector VIP substrate HRP (SK-4600) for 5-10 minutes and slides were 

washed with running tap water.  To enhance the positive staining, slides were immersed in a 1% 

copper sulphate (CuSO4) solution in d.H2O for 5 minutes and slides were washed in running tap 

water. Slides were counterstained in haematoxylin for 8 minutes, washed in running tap water for 
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5 minutes and blued in Scott’s tap water for 3 minutes. Slides were then washed in water, 

dehydrated in graded ethanol, cleared with xylene, and mounted with Entellan mounting medium. 

For every case stained, positive control tissue was also stained (tonsil or appendix), as well as a 

negative control for each antibody (primary antibody replaced by PBS buffer).  

ii) TREG assay 

Slides were incubated overnight at 4 ֯C with 200 µL of a primary antibody cocktail of CD3, CD4 

and FOXP3 at an optimized concentration as shown in Table 2-1. The slides were washed well 

with PBST, and the sections were incubated with 200ul of a cocktail of secondary antibodies 

(Donkey anti-rat A488, donkey anti-mouse A647 and Donkey anti-rabbit Cy3) for 1 hour at room 

temperature in the dark. Slides were washed well with PBST. To acquire a total cell count, the 

slides were stained for 10 minutes with 4′,6-diamidino-2-phenylindole (DAPI) (2µl DAPI stock in 

10 mL 1X PBS for working solution), a fluorescent stain which binds strongly to adenine-thymine  

regions of deoxyribonucleic acid (DNA) allowing visualization of cell nuclei (Tarnowski et al., 

1991). Slides were washed well with PBST and were incubated with 0.1% Sudan Black B in 70% 

ethanol for 10 minutes to reduce autofluorescence background. Slides were washed well with PBST 

and immediately immersed in d.H2O. Slides were then air dried, mounted with fluorescent aqueous 

mounting medium, and left overnight at room temperature to allow medium to set. 

iii) CD4+/CD8+ and CD45RO+ co-expression 

As described above, slides were incubated overnight at 4 ֯C with 200 µL of a primary antibody 

cocktail of CD4/CD8, and CD45RO at their optimized concentration. The slides were washed well 

with PBST and were incubated with 200ul of a cocktail of secondary antibodies (Donkey anti-

rabbit Cy3 and donkey anti-mouse A647) for 1 hour at room temperature in the dark. Slides were 

washed well with PBST. Slides were then stained with DAPI for 10 minutes. Thereafter, slides 

were washed with PBST and were incubated with 0.1% Sudan Black B in 70% ethanol for 10 

minutes, washed well with PBST and immediately immersed in d.H2O. Slides were then air dried, 

mounted with fluorescent aqueous mounting medium, and left overnight at room temperature to 

allow medium to set. 

Confocal microscopy 

Visualization of stained slides was done at the Confocal & Light Microscope Imaging Facility at 

the Institute of Infectious Disease & Molecular Medicine at UCT. Stained sections were visualized 

with a Zeiss LSM880 confocal scanning microscope using a 488nm (Green Emission), 561nm (Red 

Emission) and 633nm (Far Red Emission) laser as well as a DAPI laser (405nm). Training and 
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oversight on the confocal microscope was assisted by A/Prof Dirk Lang, an internationally 

recognized expert in advanced light microscopy imaging.  

2.5. Quantification methods 

Table 2-2 shows the different methods that have been used in the published literature to quantify 

lymphocytes in immunohistochemistry and immunofluorescence antibody staining skin tissue. The 

two most common methods for standard immunohistochemistry include visual semi-quantitative 

analysis scoring systems or a quantitative analysis counting positive cells per high powered field.  

Table 2-3: Quantification methods of lymphocytes in IHC and confocal microscopy 

 

a Cell surface markers that have been stained for and quantified using the stipulated method. Antibody 

markers used in this study are in bold. 

2.6. Quantification 

i) Basic IHC 

Imaging was performed using the ZEISS Primo Star Light Microscope (Zeiss, Germany). Standard 

immunohistochemistry staining was quantified using the approach as described by (Yang et al., 

2014). This group are the only ones reported in literature to have immunophenotyped the skin in 

SCAR, and thus we chose this method of quantification in order to have a refence point to compare 

our results. Briefly, for each antibody staining, a centre section of biopsy specimen was stained for 

Assay Quantification  Target cell markers a 

(Tissue) 

Reference 

Number of fields 

counted/magnification 

Expression of cells 

 

 

 

 

Basic IHC 

Whole section/x20 

 

% CD3+ cells. CD3+, CD4+, FOXP3+, 

GITR+, CD25+ (Skin) 

(de Boer et al., 2007) 

3 fields/ x40 Positive cells normalized 

to CD3+ cells present. 

CD3+, CD8+, CD4+, 

CD25+ (Skin)  

(Yang et al., 2014) 

5 fields/ x40 

 

Positive cells per high 

power field. 

CD3+, CD4+, CD8+, 

CD45RO+, FOXP3+ 

(Skin) 

(Galhardo et al., 2004) 

(Morito et al., 2014) 

Whole sections/ x40 

 

Semi-quantitative 

(scoring system). 

CD3+, CD8+, CD4+, 

FOXP3+ (Skin, tonsil) 

(Ortonne et al., 2015, 

Galhardo et al., 2004, 

Signh et al., 2018) 

Confocal 

microscopy 

≥4 fields/ x60  

(Oil objective) 

 

Positive cells/mm2 CD3+CD4+CCR5+, 

CD8+αCD8+βPerforin+ 

(Skin) 

(Gray et al., 2020a, Zhu 

et al., 2013) 
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CD3 as a marker for lymphocytes. Adjacent sections were stained for CD4, CD8 or CD45RO 

antibodies. An area of high density CD3+ staining was identified at low-power magnification (10X) 

on the section for both epidermal and dermal compartments and captured. The selected area of 

high-density staining was retraced at high-power magnification (40X) in the corresponding set of 

adjacent CD4+, CD8+ or CD45RO+ staining, and images were captured. The total number of 

positive cells in interrelated images, normalized to CD3+ cells present were manually counted and 

averaged over 3 high-powered successive fields. Epidermal and dermal compartments were 

considered as two separate events, and cells appearing at the dermoepidermal junction were 

considered to be in the epidermis (Yang et al., 2014).  

Confocal imaging  

ii) Treg Assay 

Visualization of positive cells was performed using the Zeiss LSM880 Confocal Scanning 

Microscope (Zeiss, Germany) and imaging and analysis using the Carl Zeiss ZEN 2.3 SP1 imaging 

software. There is no study in literature that has quantified Tregs in the skin using fluorescence 

microscopy. Due to the relatively low numbers of Tregs in the skin, and lack of any published data 

on quantifying skin Tregs, a quantification approach used by Gray et al was used (Gray et al., 

2020a). Briefly, for each section, tilescan images (stitched panels) spanning the tissue to include 

the epidermis and dermis were captured at 60X magnification (Figure 2-1B). As the majority of 

Tregs infiltrated the superficial to mid dermis, we set our tilescans to include at least three X60 

images spanning the dermis, and n X60 images depending on the thickness of the epidermis. A 

minimum of 4 tilescans spanning along the skin were captured for each section, depending on size 

of the specimen. Using the Carl Zeiss ZEN 3.1 (ZEN lite) software, CD3+CD4+FOXP3+ positive 

cells in both compartments were identified and manually marked using the “points” option. Positive 

cells were further analysed to truly confirm colocalization. Finally, the number of dermal or 

epidermal CD3+CD4+FOXP3+ cells in each capture tilescan image was divided by the area of 

each respective compartment to calculate density (cells/mm2). This density of positive cells was 

averaged over the total number of images quantified for each section.  

iii) CD4+/CD8+ and CD45RO co-expression  

Images of positive cells were captured at 60X magnification spanning the epidermis and dermis of 

the skin. Cells counts were quantified over 4 successive 60X high power fields as shown in Figure 

2-1A for both dermal and epidermal compartments. CD4+ or CD8+ cells co-expressing the 

memory marker CD45RO+ were expressed as a percentage of CD4+ or CD8+ cells present.  
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Figure 2-1: Confocal microscopy image of the skin. (A) An image captured using the 60x oil objective 

lens.  (B) A tilescan image consisting of panels stitched together to form a single image (B). At least 

four tilescan images spanning the length of section were captured. Positive cells in each compartment 

were divided by the total area to obtain the density of cells/mm2. Mean density was obtained over the 

total number of tilescan images captured. Blue staining denotes cell nuclear staining. Dashed white line 

denotes the dermoepidermal junction. Scale bar = 50μm.  

2.7. Statistical analysis 

Statistical analysis was performed using R Studio version 4.0.5 and SPPS Statistics 27.  A 

comparison between the common pathological diagnoses of HIV-infected versus uninfected 

DRESS or SJS/TEN was performed using the Freeman-Halton extension of the Fisher’s exact 

probability test; P-values < 0.05 was considered statistically significant. The Wilcoxon rank sum 

test was used to assess for significant differences in cell counts and ratios between case and control 

groups. Results were described as median (interquartile range) and were considered significant if 

P-values < 0.05. Linear regression analysis was used to assess any correlation between the density 

of dermal CD4+ or Treg cells and clinical or demographic characteristics. Standardized coefficients 

were used to signify relationships between variables and P-values < 0.005 were considered 

statistically significant, using a Bonferroni correction. Multivariate linear regression was used to 

assess any correlation between the density of Tregs and clinical characteristics; P-values < 0.05 

were considered statistically significant.  

 

 

 

1 3 2 A B 

100µm 

DAPI 
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3. RESULTS 

3.1. Clinical description of included cases and controls. 

A patient disease progression timeline was generated for all SCAR cases (e.g., Figure 3-2), to better 

understand the types of reactions observed, all the drugs the patients were exposed to during the 

course of sickness, as well as a full detailed summary of all the necessary laboratory data before 

and after onset of symptoms. SCAR phenotypes were validated by two expert dermatologists as 

DRESS (possible, probable, definite) using the RegiSCAR scoring system for DRESS (Table 3-5) 

(Kardaun et al., 2007, Kardaun et al., 2014), or SJS/TEN (possible, probable, definite) based on the 

international SCAR-group consensus (Table 3-6) (Bastuji-Garin et al., 1993, Rzany et al., 1999).  

3.1.1. HIV-infected SCAR cases   

HIV-infected SCAR cases consisted of 15 DRESS and 6 SJS/TEN patients. A summary of their 

clinical and laboratory data is provided in Table 3-1. DRESS cases consisted of 8 definite, 4 

probable cases and 3 possible cases, with 10 of the cases having pulmonary TB, 4 disseminated TB 

and 1 with no active TB. SJS/TEN cases on the other hand consisted of 3 definite, 2 probable and 

1 possible case, with 2 cases having pulmonary TB, 1 disseminated TB, and 3 with no active TB. 

The median age (IQR) for DRESS and SJS/TEN cases was 39 (30-45); and 40 (33-47) years, 

respectively. DRESS cases consisted of a median CD4 count of 137 (66-246) cells/mm3 with 53% 

of the cases on ART, and SJS/TEN cases had a median CD4 count of 86 (55-116) cells/mm3 with 

67% of the cases on ART.  

The median number of days between the onset of skin symptoms to sampling was 9 (5-18) days 

for DRESS cases and 6 (4-10) days for SJS/TEN.  Most DRESS cases revealed a diffuse 

erythematous (12/15) as well as exanthematous eruption (6/15). Other common clinical features in 

DRESS cases included peeling (desquamation) and facial oedema. Six out of 15 cases were 

reported to have lesions in at least 1 mucosal area, predominantly oral mucosa (Table 3-3). The 

liver was the main extracutaneous organ involved. Nine out of 15 DRESS cases presented with 

liver involvement, manifesting as elevated liver enzymes. The median eosinophil count for DRESS 

cases was 0.57 (0.2-1.35) x109/L, with 60% of the cases presenting with elevated eosinophilia 

(>0.40 x 109/L). Five out of 6 SJS/TEN cases presented with epidermal necrosis and some degree 

of stripping (skin detachment). Other common clinical features in SJS/TEN cases included 

erythema, macules, and mucosal involvement. Two out of 6 cases presented with liver involvement.
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Table 3-1: Summary of clinical and laboratory data for HIV-infected and uninfected SCAR  

VARIABLES DRESS (N=20) SJS/TEN (N=7) 

 HIV-infected (n=15) HIV-uninfected (n=5) p-value HIV-infected (n=6) HIV-uninfected (n=1) 

AGE IN YEARS, MEDIAN (IQR†)  39 (30-45) 46 (15-52) 0.72 40 (33-47) 33 

FEMALE, N (%) 11/15 (73) 3/5 (60) - 4/6 (67) 1/1 (100) 

MALE, N (%) 4/15 (27) 2/5 (40) - 2/6 (33) 0 

CD4 CELL COUNT, MEDIAN (IQR†) 137 (66-246) - - 86 (55-115.5) - 

ON ANTIRETROVIRAL THERAPY AT TIME OF 

SCAR, N (%) 
8/15 (53) - - 4/6 (67) - 

VALIDATED PHENOTYPE: DEFINITE, N (%) 8/15 (53) 3/5 (60) - 3/6 (50) 0 

                                                    PROBABLE, N (%) 4/15 (33) 2/5 (40) - 2/6 (33) 1/1 (100) 

                                                    POSSIBLE, N (%) 3/15 0 - 1/6 (17) 0 

TYPE OF TUBERCULOSIS: PULMONARY, N (%) 10/15 (67) 1/5 (17) - 2/6 (33) 1 (100) 

                                                    DISSEMINATED, N (%) 4/15 (27) 0 - 1/6 (17) 0 

                                                    NO ACTIVE TB, N (%) 1/15 (7) 4/5 (83) - 3/6 (50) 0 

DAYS FROM SYMPTOMS ONSET TO BIOPSY, 

MEDIAN (IQR†) 
9 (5-18) 6 (3 - 8) 0.20 6 (4.3-10) 4 

PERCENTAGE BODY SURFACE AREA (BSA) SKIN 

RASH  
65 (57.5 – 77.5) 40 (40 – 40) 0.28 55 (35 - 75) 18 

LIVER FUNCTION TESTS: (REFERENCE VALUES)      

                                                   AST (15-40 U/L) 63 (56-127.5) 197 (83-239) 0.19 69.5 (42.75-92.5) 234 

                                                  ALP (10-40 U/L) 110 (81.5-220.5) 281 (105-430) 0.16 147.5 (88.5-208) 59 

                                                  ALT (53-128 U/L) 56 (35-137.5) 159 (94-220) 0.09 52 (32-188.2) 661 

                                                  GGT (<68 U/L) 134 (84.5-171.5) 139 (131-602) 0.39 137.5 (46.25-340.50) 50 

EOSINOPHIL COUNT (0.0-0.4 X109/L) 0.57 (0.2-1.35) 1.36 (1.36-2.55) 0.09 0.42 (0.203-0.53) 0.04 

Abbreviations: AST – Aspartate transaminase, ALT – Alanine transaminase, ALP – Alkaline phosphatase, GGT - Gamma-glutamyl transferase. † Interquartile range. 
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3.1.2. HIV-uninfected SCAR cases 

The HIV-uninfected SCAR cases consisted of 5 DRESS and 1 SJS patient. A summary of their 

clinical and laboratory data is summarized in Table 3-1. DRESS cases consisted of 3 definite and 

2 probable cases, with 1 case with pulmonary TB and 4 cases with no active TB. There was only 1 

SJS/TEN case (probable), and the only one with active pulmonary TB. The median age for DRESS 

cases was 46 (15-52) years. The median number of days between the onset of skin symptoms to 

and when the biopsies were taken was 6 (3-8) days. Four out of 6 DRESS cases presented with at 

least one or more elevated liver enzymes, similarly with the one SJS/TEN case. The median 

eosinophil count for DRESS cases was 1.36 (1.36 - 2.55) x109/L, with all cases presenting with 

elevated eosinophilia (> 0.40 x 109/L).  

3.1.2.1. HIV-infected versus uninfected DRESS cases 

There were no statistically significant differences observed in the laboratory and clinical data 

between HIV-infected and uninfected DRESS cases. This includes the body surface area rash, 

number of days from symptoms onset to sampling, and the LFTs and eosinophils counts. There 

was no comparison done between HIV-infected and uninfected SJS/TEN cases due to the small 

sample size. 

3.1.3. HIV-infected and uninfected normal skin 

Table 3-2 shows a summary of the HIV-infected and uninfected participants with normal skin. 

Majority of breast cancer patients had a bilateral breast mastectomy procedure done, and normal 

skin was obtained from the non-cancerous breast. Where a unilateral breast mastectomy/reduction 

was done, normal tissue was obtained at a site away from the cancer tissue. The HIV-infected 

controls consisted of 3 females with a median age of 39 (37-41). The median CD4 count was 511 

(509-512) and all participants had no active TB. The median (IQR) eosinophil count was 0.075 

(0.057-0.09) x109/L cells. The HIV-uninfected controls consisted of 3 females with a median age 

of 52 (44-68) years. All participants had no active TB, and their median (IQR) eosinophil count 

was 0.03 (0.025-0.095) x109/L cells. 
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Table 3-2: Summary of clinical and laboratory data for HIV-infected and uninfected normal 

skin controls 

aCD4 and eosinophil counts data could not be retrieved for this patient. 

3.2. Drug causality assessment: Naranjo or Alden scoring and adjunctive HLA & 

ELISpot data. 

For all HIV-infected and uninfected SCAR cases, Naranjo or Alden drug causality assessment 

scores were calculated as applicable, and drugs were assessed as ‘definite’ or ‘probable’ offending 

drugs. The highest Naranjo or Alden scored offending drugs for HIV-infected cases are 

summarized in Table 3-3. Rifampicin, pyrazinamide and cotrimoxazole were the most frequently 

Naranjo or Alden defined definite or probable offending drugs. Upon SDC of all HIV-infected 

DRESS cases, 10 cases were clinically reacting to a single drug, 3 cases had a true positive reaction 

to two or more drugs and were classified as multiple reactors, and 2 cases were neither rechallenged 

nor did they have a positive ELISpot result and were classified as undetermined. Similarly, in HIV-

infected SJS/TEN cases, 2 were clinically reacting to a single drug,1 case reacting to multiple drugs, 

and 3 cases were undetermined. Three HIV-infected cases, 2 DRESS and 1 SJS/TEN, that were on 

rifafour FDC and cotrimoxazole on baseline, tolerated and were discharged rifafour but were not 

rechallenged to cotrimoxazole were classified as single reactors on the basis of having a positive 

ELISpot result to cotrimoxazole. Table 3-4 also summarizes the drug causality assessment for HIV-

uninfected SCAR cases. 3 DRESS cases were clinically reacting to a single drug, while 2 cases had 

a true positive reaction to two or more drugs. The only SJS/TEN case had a true positive reaction 

to two or more drugs. Out of all HIV-infected and uninfected DRESS and SJS/TEN patients in the 

Control Age/Sex HIV status CD4 count 

(cells/ μl)/ 

Eosinophil count 

(x109/L cells) 

Reason and type of surgical 

procedure 

 

1 43/Female Positive 508 0.11 Breast carcinoma, bilateral 

mastectomy 

2 35/Female Positive 513 0.04 Breast reduction 

3a 39/Female Positive Unknown Unknown  Fibroadenoma, unilateral breast 

reduction 

4 83/Female Negative - 0.16 Breast carcinoma, bilateral 

mastectomy 

5 36/Female Negative - 0.03 Breast carcinoma, bilateral 

mastectomy 

6 52/Female Negative - 0.02 Excess stomach skin used for breast 

reconstruction 



54 

study, only two cases (patients 45 and 103) were on immunosuppressant treatment (both on 

prednisone) at the time of skin biopsy. Majority of patients were put on immunosuppressant 

treatment after withdrawal of offending drug.  

In addition to Naranjo or Alden scoring the suspected offending drug, IFN-γ ELISpot assay results 

on peripheral blood mononuclear cells (PBMCS) of reactive patients sampled at baseline, pre- or 

post-oral drug rechallenge were used to further identify the culprit drug (Figure 3-1). This data 

proved to be very useful more especially in patients that could not be rechallenged for different 

reasons i.e., in the event of death, therefore making identification of culprit drugs even more 

difficult. Seven out of 21 HIV-infected SCAR cases had at least one matched positive ELISpot and 

positive drug rechallenge, confirming the suspected drug. In majority of the cases where there was 

a positive drug rechallenge reaction and a drug was Naranjo/Alden scored as the most probable 

culprit; a positive ELISpot result was recorded although not reaching the 50 SFU/million cells 

threshold.  

  

 

 

 

 

 

 

 

Figure 3-1: Interferon-gamma ELISpot assay result on patient 24 peripheral blood mononuclear cells. 

Patient 24 had a positive reaction to rifampicin on SDC and an ELISpot assay was run on 6-month 

follow-up PBMCs. IFN-γ responses were averaged over triplicates and positive results were given as 

≥50SFU/million cells after subtracting of non-specific background staining (media-negative control) 

(Porter et al., 2022). Results were positive for rifampicin at concentrations 25µg/ml (261 SFU/million 

cells) and 250µg/ml (146 SFU/million cells). See patient timeline in Figure A-2.
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             Table 3-3: Description of type of reactions, laboratory findings and adjunct ELISpot and HLA data for HIV-infected SCAR patients 

Patient Age/ 

Sex 

CD4 count/ 

ART (Y/N) a 

Viral load 

copies/mL 

Validated 

phenotype 

(RegiSCA

R score) 

Biopsy 

day b 

Reaction characteristics at baseline and 

after drug rechallenge (timing) c 

Highest Drug 

Causality 

Score d 

Discharge 

regimen 

Single or 

Multiple 

Liver function tests 

and eosinophils 

Elispot SFU e HLA genotype 

15 26/F 66/Y 59148 Probable 

DRESS (5) 

8 Baseline: RHZE – 30% BSA skin rash, 

exanthema, pain over affected area, with 

liver involvement. 

Rechallenge: INH (2 days) – headache, 

abdominal pain, vomiting blood, elevated 

AST & ALT, hypotenuse, temperature 38°C. 

NOT STOPPED 

†MXF & ETA reaction: abdominal pain, 

temperature spike, tender palms 

PZA (4), EMB 

(4), 

Cotrimoxazole 

(4), INH (3) 

RIF, INH, 

TRD 

 

 

Multiple¶ ALT (238), AST 

(304), ALP (173), 

GGT (156), 

Eosinophils (0.5) 

INH: 130 

EMB: 62 

TMP/SMX§: 0 

A 68:27:01G + 74:01:01G 

B 07:05:01G + 35:01:01G 

C 04:01:01G + 07:02:01G 

31 22/F 384/Y LDL Definite 

DRESS (6) 

5 Baseline: Tribuss, Trivuda, INH – 60% 

BSA skin rash involving the eyes, lip, and 

oral mucosa, exanthema, erythema, burning, 

nausea, muscle pain, sore throat, facial 

oedema (Not rechallenged) 

INH (4),  

NVP (4) ‡ 

TDF, FTC, 

EFV (ART 

FDC) 

Undetermined ALT (227), AST 

(84), ALP (268), 

GGT (708), 

Eosinophils (0.57) 

INH: 0 A 26:01:01G + 33:03:07G 

B 44:03:01G + 44:03:02G 

02:10:01G + 07:01:01G 

38 30/F 48/Y 17778 Definite 

DRESS (7) 

5 Baseline: RHZE, Cotrimoxazole – 80% 

BSA skin rash, exanthema, peeling 

(desquamation), and erythema, with liver 

involvement, facial oedema 

Cotrimoxazole 

(4) ‡ 

RIF, INH, 

EMB, PZA 

Single¶ ALT (237), AST 

(136), ALP (81), 

GGT (78), 

Eosinophils (1.52) 

TMP/SMX§: 5 A 23:01:01G + 68:02:01G 

B 15:03:01G + 53:01:01G 

C 0:10:01G + 04:01:01G 

41 45/M 39/Y 93907 Definite 

DRESS (6) 

11 Baseline: RHZE – 80% BSA skin rash, 

erythema, itching, facial oedema, liver 

involvement 

Rechallenge: PZA (within 24hrs) – itching, 

visible rash, fever, exanthema, erythema 

PZA (6) RIF, INH, 

EMB 

Single¶ ALT (75), AST 

(137), ALP (120), 

GGT (140), 

Eosinophils (7.44) 

PZA: 13 

INH: 40 

A 24:02:01G + 34:02:01G 

B 07:02:01G + 08:01:01G 

C 07:01:01G + 07:02:01G 

46 38/F 87/N LDL Possible 

DRESS (2) 

23 Baseline: RHZE – 75% BSA skin rash 

involving oral and genital mucosa, 

exanthema, itching, burning 

RIF (4) ‡ INH, PZA, 

EMB, Rfb 

Single¶ ALT (92), AST 

(58), ALP (110), 

GGT (91),  

Eosinophils (0.14) 

RIF: 13 

Rifabutin: 6 

A 30:01:01G + 30:02:01G 

B 14:02:01G + 42:01:01G 

C 08:02:01G + 17:01:01G 
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71 26/F 330/N 262654 Definite 

DRESS (7) 

4 Baseline: RHZE – 65% BSA skin rash, 

exanthema, and erythema, itching, burning, 

pain over affected area, facial oedema 

Rechallenge: PZA (48hrs) – itching, visible 

rash, exanthema, erythema 

PZA (6) RIF, INH, 

EMB 

Single¶ ALT (49), AST 

(54), ALP (88), 

GGT (36), 

Eosinophils (2.91) 

PZA: 0 A 32:01:01G + 68:01:01G 

B 58:01:01G + 58:02:01G 

C 06:02:01G + 06:02:01G 

85 41/F 39/N 3475 Definite 

DRESS (6) 

7 Baseline: RHZE – 55% BSA skin rash, 

exanthema, and erythema, itching and 

burning 

Rechallenge: RIF (5 days) – itching, 

burning, visible rash, exanthema, erythema. 

Rechallenge: Rifabutin (5 days) – 

eosinophilia, visible rash, erythema 

RIF (6), 

Rifabutin (6) 

INH, EMB, 

PZA 

Single¶ ALT (68), AST 

(119), ALP (111), 

GGT (187), 

Eosinophils (1.49) 

RIF: 60 A 02:01:01G + 68:02:01G 

B 15:10:01G + 44:03:02G 

C 03:04:02G + 07:01:01G 

100 30/F 137/N 115989 Possible 

DRESS (3) 

5 Baseline: RHZE, Cotrimoxazole – 65% 

BSA skin rash involving the lip and oral 

mucosa, peeling (desquamation), erosions, 

erythema itching, burning, cough 

Rechallenge: INH (72hrs) – visible rash, 

erythema, fever, nausea 

INH (6) PZA, EMB, 

MXF, Rfb 

Single¶  ALT (13), AST 

(22), ALP (83), 

GGT (22), 

Eosinophils (1.04) 

INH: 3 A 01:01:01G + 68:02:01G 

B 57:02:01G + 58:01:01G 

C 07:01:01G + 07:01:01G 

103 45/F 66/N - Probable 

DRESS (5) 

5 Baseline: RHZE, Cotrimoxazole, 

Prednisone⁑ - 40% BSA skin rash involving 

the scalp, erythema, itching, peeling 

(desquamation), facial oedema, vomiting, 

anorexia, abdominal pain 

RHZE (3), 

Cotrimoxazole 

(4) ‡ 

Deceased Single¶ 

(Positive 

cotrimoxazole 

ELISpot) 

ALT (35), AST 

(60), ALP (61), 

GGT (138), 

Eosinophils (0.68) 

RIF, PZA, INH: 0 

EMB: 25  

4-NIT-10: 45 

4-NIT-100: 5 

A 02:01:01G + 34:02:01G 

B 15:03:01G + 45:01:01G  

C 02:10:01G + 16:01:01G 

104 47/F 578/N 3862114 Definite 

DRESS (7) 

9 Baseline: RHZE – 70% BSA skin rash 

involving the scalp, lips, oral and nasal 

mucosa, erythema, burning, fatigue, 

anorexia, sore throat, kidney, and liver 

involvement 

Rechallenge: PZA (24hrs) – abdominal 

pain, elevated AST and ALT, erythema 

PZA (6) RIF, INH, 

EMB, MXF 

Single¶ ALT (183), AST 

(90), ALP (82), 

GGT (134), 

Eosinophils (0.19) 

PZA: 0 A: alleles not typed 

B 15:03:01G + 15:03:01G 

C 02:10:01G + 04:01:01G 
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105 35/M 142/Y LDL Definite 

DRESS (7) 

73 Baseline: RHZE – 80% BSA skin rash 

involving the eye, lip, oral and nasal mucosa, 

itching, burning, peeling (desquamation), 

facial oedema, liver involvement 

†Rifinah reaction (unclear timing): 

deranged liver functions 

†RIF, INH reaction (non-FDC) (unclear 

timing): deranged liver functions 

RIF (6),  

INH (6)  

RIF, INH  

(later 

reacted to 

individual 

RIF & INH 

and pushed 

through) 

Multiple¶ ALT (35), AST 

(48), ALP (456), 

GGT (307), 

Eosinophils (0.37) 

RIF; INH: 0 A 30:02:01G + 36:01:01G 

B 53:01:01G + 53:01:01G 

C 04:01:01G + 04:01:01G 

111 39/F 360/Y - Possible 

DRESS (3) 

22 Baseline: RHZE – 80% BSA skin rash 

involving oral mucosa, erythema, itching 

peeling (desquamation), nausea, joint and 

abdominal pain, cough, liver involvement 

Rechallenge: RIF (3 days) – worsening 

rash 

RIF (6) Deceased  Single¶ ALT (56), AST 

(190), ALP (790), 

GGT (749), 

Eosinophils (0.21) 

PZA: 0 RIF:0 

INH: 0 

TMP/SMX§/#: 0 

4-NIT10/100: 0 

Not done 

137 45/M 141/Y - Definite 

DRESS/EN 

overlap (6) 

9 Baseline: RHZE, Cotrimoxazole – 65% 

BSA skin rash involving the nails, lips, oral 

and nasal mucosa, erythema, peeling 

(desquamation), erosions, liver, and lung 

involvement 

Rechallenge: INH with EMB and 

Rifabutin (10 days) – erythema, blisters, 

fever, peeling, epidermal necrosis (Possible 

TEN).  

INH (6),  

EMB (6), Rfb 

(6) 

BDQ/LZD/

LVX/CFZ 

Multiple¶ 

 

ALT (37), AST 

(63), ALP (70), 

GGT (102), 

Eosinophils (0.13) 

EMB, PZA: 0 

INH: 7 

4-NIT-10: 52 

TMP/SMX§: 2 

A 29:02:01G + 68:02:01G 

B 44:03:02G + 53:01:01G 

C 04:01:01G + 07:01:01G 

139 54/F 86/N - Probable 

DRESS (5)  

23 Baseline: RHZE, Cotrimoxazole – 60% 

BSA skin rash involving the scalp, erythema, 

itching, burning, fatigue, headache, fever, 

enlarged lymph nodes. 

Cotrimoxazole 

(4) 

RIF, INH, 

PZA, EMB 

Single¶ 

(Some 

cotrimoxazole 

ELISpot 

signal) 

ALT (23), AST 

(27), ALP (71), 

GGT (46), 

Eosinophils (0.04) 

TMP/SMX§ = 10 A 02:02:01G + 29:02:01G 

B 42:01:01G + 58:02:01G 

C 06:02:01G + 17:01:01G 

167 41/M 162/Y - Probable 

DRESS (4) 

14 Baseline: RHZE – 20% BSA skin rash, 

erythema, itching, infiltration, liver 

involvement 

RIF (6),  

EMB (6)  

BDQ, LZD, 

CFZ, TZD, 

LVX 

Undetermined ALT (31), AST 

(63), ALP (392), 

GGT (122), 

Eosinophils (1.21) 

RIF, INH, PZA, 

EMB: 0 

TMP/SMX§: 0 

A 03:01:01G + 29:02:01G 

B 08:01:01G + 15:03:01G 

C 02:10:01G + 07:02:01G 
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Rechallenge: RIF & EMB together – 

pruritis, induration, liver derangement  

24 40/F 117/N LDL Probable 

SJS/TEN 

(2) 

19 Baseline: RHZE – 30% BSA skin rash, 

epidermal necrosis, liver involvement 

Rechallenge: RIF (2-3hrs) – vomiting, 

fever 

RIF (6) INH, PZA, 

EMB, MXF 

Single¶ ALT (50), AST 

(96), ALP (225), 

GGT (690), 

Eosinophils (0.16) 

RIF: 146 A 23:01:01G + 34:02:01G 

B 44:03:01G + 58:02:01G 

C 04:01:01G + 06:02:01G 

39 68/M 53/Y 233 Probable 

SJS/TEN 

(2) 

7 Baseline: RHZE – 10-15% BSA skin rash, 

epidermal necrosis, stripping (skin 

detachment), pain over affected area, liver, 

and kidney involvement 

RHZE (4), 

Cotrimoxazole 

(4) ‡ 

Not done  

(TB 

diagnosis 

refuted) 

Undetermined ALT (769), AST 

(945), ALP (138), 

GGT (379), 

Eosinophils (0.54) 

RIF: 3 

INH, PZA, EMB: 

0 

TMP/SMX§: 40 

TMP/SMX #: 10 

4NIT-10;100: 

43,33 

A 30:01:01G + 30:01:01G 

B 42:01:01G + 42:02:01G  

C 17:01:01G + 17:01:01G 

45 40/F 111/N 1719 Definite 

TEN (3) 

11 Baseline: Cotrimoxazole, Prednisone⁑ - 

80% BSA skin rash, epidermal necrosis, 

stripping (skin detachment), erythema, 

macules, burning, sore throat, pain over 

affected area (Not rechallenged) 

Cotrimoxazole 

(7) 

Unknown Undetermined ALT (54), AST 

(38), ALP (72), 

GGT (50), 

Eosinophils (0.5) 

Not done A 29:02:01G + 30:01:01G 

B 42:01:01G + 81:01:01G 

C 04:01:01G + 17:01:01G 

52 30/M 147/Y 732 Definite 

TEN (3) 

4 Baseline: Cotrimoxazole – 60% BSA skin 

rash with eye, lip, oral, nasal, and genital 

mucosa involvement, epidermal necrosis, 

Nikolsky sign, stripping (skin detachment), 

itching, burning, sore throat 

†Vancomycin reaction: 36% BSA, fever, 

visible rash, exanthema, macules. 

Cotrimoxazole 

(7), 

Vancomycin (7) 

Dapsone Multiple¶ ALT (26), AST 

(82), ALP (55), 

GGT (29), 

Eosinophils (0.64) 

TMP/SMX§: 0 

Vancomycin:2232 

A 02:01:01G + 30:09  

B 45:01:01G + 81:01:01G 

C 04:01:01G + 16:01:01G 

83 49/F 24/Y 145579 Possible 

TEN (1) 

4 Baseline: Cotrimoxazole – 80% BSA skin 

rash involving oral and nasal mucosa, 

Nikolsky sign, stripping (skin detachment) 

(Not rechallenged) 

Cotrimoxazole 

(8) 

Deceased Undetermined ALT (16), AST 

(31), ALP (157), 

GGT (45), 

Eosinophils (0) 

Not done Not done 
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a CD4 count (cells/μl)/On ART at time of sampling. b Days between onset of symptoms to biopsy. c Drug rechallenged (time from drug rechallenge to positive reaction). d Naranjo scoring applied 

in DRESS cases and Alden in SJS/TEN (Scores: ≥9 (Definite), 5 to 8 (Probable), 1 to 4 (Possible)). e Positive ELISpot ≥50 spot forming units (SFU) per million cells. † Not rechallenged to drug 

but had a separate CADR. ‡Patient not rechallenged to drug(s) – highest Naranjo/Alden scored most likely offending drug(s). ⁑ Patient on immunosuppressive treatment at the time of skin biopsy. 

¶ Patient included in the analysis of HIV-infected single vs multiple drug reactors in Figures 3-24 and 3-27.  

ELISpot drug concentrations: RIF (25µg/ml), INH (50µg/ml), PZA (50µg/ml), EMB (50µg/ml), Rifabutin (25µg/ml), TMP/SMX (50/250µg/ml§ or 500/2500µg/ml#), 4-NIT-10 (10µg/ml) 4-

NIT-100 (100µg/ml), Vancomycin (250 µg/ml). 

Abbreviations: ART – antiretroviral therapy, EFV – efavirenz, ETA – ethionamide, FDC – fixed-dose combination, FTC – emtricitabine, LDL – lower than detectable limit, LVX – levofloxacin, 

MXF – moxifloxacin, NVP – nevirapine, Rifabutin – Rfb, RHZE – rifampicin, isoniazid, pyrazinamide, ethambutol FDC, TMP/SMX – Trimethoprim/Sulfamethoxazole, TDF – tenofovir, TRD 

– terizidone, 4-NIT-10 – 4-Nitro Sulfamethoxazole-10. 

99 27/F 61/Y LDL Definite 

TEN (3) 

5 Baseline: RHZE, Cotrimoxazole – 50% 

BSA, skin rash involving the scalp, lip, 

nasal, oral and genital mucosa, facial 

oedema, stripping (skin detachment), 

epidermal necrosis, itching, night sweats, 

oedema, cough, facial oedema 

Cotrimoxazole 

(6)  

RHZE Single¶ 

(Positive 

cotrimoxazole 

ELISpot) 

ALT (233), AST 

(57), ALP (237), 

GGT (225), 

Eosinophils (0.33) 

TMP/SMX§: 22 A 30:04:01G + 68:01:01G 

B 44:03:01G + 58:02:01G 

C 02:10:01G + 06:02:01G 
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  Table 3-4: Description of type of reactions, laboratory findings and adjunct ELISpot and HLA data for HIV-uninfected SCAR patients 

Patient Age/Sex Validated 

phenotype 

(RegiSCAR 

score) 

Biopsy 

day a 

Reaction characteristics at baseline, and after 

drug rechallenge (timing) b 

Highest Drug 

Causality 

Score  

Discharge 

regimen 

Single or Multiple Liver function tests 

and eosinophils  

Elispot 

SFU c 

HLA genotype 

97 15/M Definite 

DRESS (6) 

3 Baseline: Phenytoin – 40% BSA, pustules and 

erythema, fatigue, headache, anorexia, nausea, liver 

involvement. (Not rechallenged) 

Phenytoin (7) Deceased Single ALT (94), AST (239), 

ALP (281), GGT (139),  

Eosinophils (0.62) 

Not done A: alleles not typed 

B 27:09 + 39:10:01G 

C 01:02:01G + 12:03:01G 

102 57/F Definite 

DRESS (6) 

17 Baseline: Phenytoin – 90% BSA skin rash involving 

the scalp, lips, liver, and oral, nasal, and genital 

mucosa, peeling (desquamation), erythema, facial 

oedema (Not rechallenged) 

Phenytoin (7) Nil Single ALT (220), AST (327), 

ALP (95), GGT (602), 

Eosinophils (6.09) 

Not done A 30:01:01G + 66:01:01G 

B 42:02:01G + 58:02:01G 

C 06:02:01G + 17:01:01G 

136 52/F Probable 

DRESS (5) 

3 Baseline: Carbamazepine – 40% BSA skin rash 

involving the eyes, erythema, itching, fever, liver, and 

lung involvement. (Not rechallenged) 

Carbamazepine 

(7) 

LEV Single ALT (564), AST (83), 

ALP (798), GGT (655), 

Eosinophils (1.36) 

Not done Not done 

145 15/F Probable 

DRESS (5) 

6 Baseline: RHZE – 40% BSA skin rash involving the 

oral mucosa, erythema, facial oedema, itching, 

fatigue, nausea, abdominal pain, fever, cough, liver 

involvement. 

Rechallenge: INH (14hrs) – visible rash, itching, 

purpura, erythema, fever. 

Rechallenge: RIF (8.5hrs) – fever, burning eyes, 

morbilliform rash, palmar erythema, elevated AST & 

ALT 

RIF (6), INH 

(6), EMB (6) 

CFZ, BDQ, LZD, 

LVX 

Multiple ALT (159), AST (197), 

ALP (430), GGT (106), 

Eosinophils (1.36) 

RIF: 520 

EMB: 17 

PZA: 0 

INH: 33  

A 25:01:01G + 32:01:01G 

B 07:02:01G + 15:01:01G 

C 02:10:01G + 03:03:01G 

147 46/M Definite 

DRESS (7) 

8 Baseline: Allopurinol – 40% BSA skin rash, 

erythema, facial oedema, purpura, itching, burning, 

fever. 

†Vancomycin rection – visible rash, abnormal pain, 

jaundice, weakness of limbs 

Allopurinol (7) 

 

Nil Multiple ALT (67), AST (38), 

ALP (105), GGT (131), 

Eosinophils (2.55) 

Not done A 34:02:01G + 66:01:01G 

B 44:03:01G + 57:03:01G 

C 04:02:01G + 18:01:01G 
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a Days between onset of symptoms to biopsy. b Drug rechallenged (time from drug rechallenge to positive reaction). c Positive ELISpot ≥50 spot forming units (SFU) per million cells.  

ELISpot drug concentrations: RIF (25µg/ml); INH (50µg/ml), PZA (50µg/ml), EMB (50µg/ml). 

Abbreviations: BDQ – bedaquiline, CFZ – clofazimine, EMB – ethambutol, INH – isoniazid, LEV – levetiracetam, LVX – levofloxacin, LZD – linezolid, PZA – pyrazinamide, RHZE – 

rifampicin, isoniazid, pyrazinamide, ethambutol, RIF – rifampicin. 

 

 

 

 

 

 

 

28 33/F Probable 

SJS/TEN 

(2) 

4 Baseline: RHZE- 18% BSA skin rash, epidermal 

necrosis, erythema, itching, vomiting, diarrhoea, 

abdominal pain, liver involvement   

Rechallenge: RIF (10-15mins) – itching, burning, 

oedema, erythema 

Rechallenge: INH (24hrs) – itching, oedema 

Rechallenge: EMB (10 days) – burning, oedema, 

jaundice 

Rechallenge: PZA (13 days) – burning, oedema, 

jaundice, later tolerated 

Rechallenge: Rifabutin (19 days) – burning, 

oedema, jaundice 

RIF/Rfb (6), 

INH (6), PZA 

(3), EMB (6) 

BDQ, LVX, MXF, 

CFZ 

Multiple ALT (661), AST (234), 

ALP (59), GGT (50), 

Eosinophils (0.04) 

RIF: 33 

INH: 47 

PZA: 45 

EMB: 28 

A 30:02:01G + 74:01:01G 

B 42:02:01G + 45:01:01G 

C 16:01:01G + 17:01:01G 
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Figure 3-2: Disease progression timeline for a DRESS case. (Patient 85) A 41-year-old HIV positive female with active TB and on FLTD therapy. She developed first skin 

symptoms 32 days after initiation of rifafour FDC. She also presented with deranged LFTs, eosinophilia, and an interface dermatitis biopsy diagnosis. On day 15, she started 

her oral drug rechallenge to RHZE, and was put on a backbone regimen on day 18. She had a positive reaction to rifampicin and rifabutin on day 31 and 63 respectively. IFN-

γ ELISpot assay on pre-challenge PBMCs showed positivity to rifampicin (60 SFU/million cells).  The patient was discharged on day 69 on INH, EMB and PZA.
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Table 3-5: RegiSCAR validation for DRESS cases  

Patient 85, Definite DRESS  

SCORE -1 0 1 2 min max 

Fever ≥ 38.5 0C (No fever during stay in hospital) N/U Y - - -1 0 

Lymphadenopathy  - N/U Y - 0 1 

Eosinophilia (Eos 1.57 on 23 Oct 2019) 

Eosinophils  

Eosinophils, if leukocytes <4000  

- 

- 

- 

N/U 

- 

- 

- 

700-1499/μl  

10-19.9% 

- 

≥1500/μl 

≥20% 

0 

- 

- 

2 

- 

- 

Atypical lymphocytes  - N/U Y  0 1 

Skin involvement  

Skin rash extent (% BSA) (50-60%)  

Skin rash suggests DRESS  

Biopsy suggests DRESS  

- 

- 

N 

N 

- 

N/U 

U 

Y/U 

- 

>50% 

Y 

- 

- 

- 

- 

- 

-2 

- 

- 

- 

2 

- 

- 

- 

Organ involvement *  

         Liver: AST = 118 (28 Oct 2019) 

       ALT = 69 (01 Nov 2019) 

         Kidney  

         Lung  

         Muscle/heart  

         Pancreas  

         Other organ(s)  

- 

- 

- 

- 

- 

- 

- 

 

- 

N/U 

N/U 

N/U 

N/U 

N/U 

N/U 

- 

Y 

Y 

Y 

Y 

Y 

Y 

- 

- 

- 

- 

- 

- 

- 

 

0 

- 

- 

- 

- 

- 

- 

 

2 

- 

- 

- 

- 

- 

- 

Resolution ≥ 15 days (Y)  N/U Y - - -1 0 

Evaluation other potential causes:  

         ANA:  Neg (01 Nov 19) 

         Blood culture  

         Serology: HBV = Pos (30 Oct 2019)  

             HAV, HCV = Neg (30 Oct 19) 

         Chlamydia-/ Mycoplasma pneumoniae  

         Other serology/PCR: RPR = Neg (30 Oct 19) 

         If no positive and ≥ 3 of above negative  

- 

- 

- 

- 

- 

- 

- 

 

- 

- 

- 

- 

N/U - 

- 

- 

 

- 

 

- 

- 

- 

- 

- 

- 

- 

 

- 

- 

- 

- 

- 

- 

- 

- 

 

- 

0 

- 

- 

- 

- 

- 

- 

 

- 

1 

- 

- 

- 

- 

- 

- 

 

- 

 

TOTAL SCORE   

 

-4      9 

Abbreviations: U = unknown/unclassifiable; N = No; Y = Yes; ULN = upper limit of normal 

* After exclusion of other explanations: 1 = 1 organ, 2 = ≥ 2 organs  

 

Case Validation Score: 6 

                                      <2: No case  

                                     2-3: Possible case  

                                     4-5: Probable case  

                                      >5: Definite case 
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Figure 3-3: Disease progression timeline for a TEN case. (Patient 52) A 30-year-old HIV positive male on antiretroviral therapy and Cotrimoxazole, and with no active TB. 

The patient had a history of on and off Cotrimoxazole intake 4 years prior and presented with first skin symptoms ~6 months after last receiving Cotrimoxazole. He also 

presented with eosinophilia and a lichenoid dermatitis skin diagnosis compatible with a drug reaction.  He developed methicillin-resistant Staphylococcus aureus (MRSA) 

sepsis on day 19 and was put on vancomycin. He developed a new skin rash on day 34 and vancomycin was stopped. The patient was discharged on day 50 (discharge medication 

not clear) and was further rechallenged to Dapsone on day 144 and tolerated the drug. Antiretroviral therapy was also restarted and was tolerated. ELISpot assay on acute 

PBMCs showed positivity to Vancomycin. 
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Table 3-6: International SCAR-group consensus validation for SJS/TEN cases  
 
Patient 52, Definite TEN 

Date of first symptoms: 14 June 2019                        Date of admission: 20 June 2019 

Photos: Yes                                                                 Skin Biopsy: Yes; 20 June 2019 

PARAMETER FEATURES STATUS (Y/N) OR 

VALUE 

DATE 

1. Max. involvement Erythema 95%  

 Blisters and erosions 70%  

2. Blisters and erosions of  

    the skin 
 Y 20/06/19 

3.  Epidermal detachment  

     > 5 cm 
 Y 20/06/19 

4.  Mucous membranes Red or stinging eyes Y  

 Conjunctivitis or blepharitis Y 12/06/19 

 
Severe conjunctivitis or blepharitis 

diagnosed by an ophthalmologist 
Y  

 Erosions of lips Y 20/06/19 

 Oral erosions Y 20/0619 

 Genital erosions Y 26/06/19 

 Erosions of other mucosa Y  

5a. Skin burning before  Y 16/06/19 

5b. Skin pain before  Y 16/06/19 

6.   Nikolski's sign  Y  20/06/19 

7.   Erythema / large plaques 

      without single spots 
 Y  

8.   Targets or spots  Y  

9.   Diagnosed by a 

      dermatologist 
Diagnosis if Yes: TEN  

10. Photographs  Y  

11. Biopsy  Y 20/06/19 

 
Date of first blister / erosion of the 

skin or mucosa 
 16/06/19 

 ad 8. targets - spots, type:   

 1. spots Y  

 2. typical targets N  

 3. atypical targets raised Y  

 4. atypical targets flat N  

 5. type of targets unknown N  

Case Validation Score: 3 

 

No Case = 0 

Possible SJS/TEN = 1 

Probable SJS/TEN = 2 

Definite TEN = 3 
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3.3. Antibody optimization 

Human tonsil tissue was used as a positive control for immunohistochemistry staining. The staining 

protocol was performed as previously described, and antibody concentrations and incubation times 

were optimized on the positive control tissue prior to skin tissue staining. Figure 3-4 shows CD3 

staining of tonsil tissue displaying different staining intensities. A negative control slide in which 

the primary antibody was excluded was done for all staining (Figure 3-4A). The secondary antibody 

and DAB detection chromogen were used at ‘neat’ (undiluted) concentration. The primary antibody 

concentration was adjusted by a titration series until optimal staining was achieved, similarly with 

antibody incubation times. The same optimization procedure was repeated for CD8, CD4 and 

CD45RO antibodies.  
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Figure 3-4: CD3 antibody optimization staining in positive control tonsil tissue. Positive CD3 cells 

(red arrowhead) can be seen marked by the brown cell surface staining. The primary antibody was 

titrated until optimal concentration was achieved (D) and non-specific background staining was 

eliminated (green arrowhead). Images are at x100 magnification (left), scale bar = 100μm; and x400 

(right), scale bar = 50μm. 

The optimized antibody concentrations and incubation times were applied for skin tissue staining 

as shown in Figure 3-5. In cases where certain skin samples exhibited excessive background and 

non-specific staining, the samples were blocked in H2O2 for longer (at least ≥ 20mins), depending 

on the extent of background staining. Stronger positive staining was enhanced by increasing the 

antigen retrieval treatment time. 
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Figure 3-5: CD3 antibody staining optimization in the skin of a DRESS case. Black arrowhead denotes 

positive CD3 lymphocyte. Images are at x200 magnification (left), scale bar = 50μm; and x400 (right), 

scale bar = 50μm  

Human appendix tissue was used as the positive control for immunofluorescence staining of Tregs.  

Both primary and secondary antibody concentrations were titrated until optimal staining was 

achieved (Figure 3-6). A similar approach was used for optimizing CD45RO+CD4+/CD8+ co-

expression staining using tonsil tissue (Figure 3-7). 

 

Figure 3-6: Confocal microscopy Treg cell staining optimization in positive control appendix tissue. 

Sections were stained with anti-CD3 (green), anti-CD4 (red), anti-FOXP3 (purple), and nuclear staining 

with DAPI (blue). The orange arrowheads denote Treg cells (CD3+CD4+FOXP3+). Images at 60x (oil 

objective), scale bar = 50µm.  
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Figure 3-7: Confocal microscopy of CD8+CD45RO+ co-expression optimization staining in positive 

control tonsil tissue. CD8+CD45RO+ co-expressed cells appear orange and are denoted by the yellow 

arrowheads. Scale bar = 50µm 

 

3.4. Histological features in DRESS & SJS/TEN cases 

Several histopathology patterns were displayed in the SCAR cases. Figures 3-8 and 3-9 highlight 

the major patterns observed in DRESS and SJS/TEN cases, respectively. 

Figure 3-8: Major histopathological patterns revealed in DRESS cases. A. Skin biopsy from a case of 

DRESS showing interface dermatitis (red arrowhead) at the dermoepidermal junction and a band like 

lichenoid dermatitis in the dermis (black arrowhead) (x100). Apoptotic keratinocytes (B. blue 

arrowhead), and basal vacuolar degeneration (yellow arrowhead) resulting from interface dermatitis 

leading to epidermal spongiosis (black arrowhead) and intra epidermal vesicle formation (red 

arrowhead). C. Another case of DRESS displaying mild superficial perivascular lymphocytic dermatitis 

A B 

C D 

CD8 CD45RO DAPI MERGED 
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(black arrowhead) with scattered dermal eosinophils (D. black arrowheads). Scale bars: A and C: 

100µm, B and D: 50µm. 

                                                                                                                                                          

Figure 3-9: Major histopathological patterns revealed in SJS/TEN cases. A. Skin biopsy from a case 

of SJS/TEN (patient 24) showing hyperkeratosis (black arrowhead) and pigmentary incontinence (red 

arrowhead) B. Another case of SJS/TEN (patient 28) displaying a subcorneal blister (red arrowhead) in 

the epidermis, and a sparse dermal lymphocytic infiltrate (black arrowhead) with no eosinophils. Scale 

bars: A, C, E, and F: 100µm, B and D: 50µm. 

Histopathological features of diagnostic or prognostic importance were identified and the 

histopathologic diagnosis was confirmed by a Consultant Anatomical Pathologist. Changes in the 

epidermis, at the dermoepidermal junction and in dermis for both HIV-infected, and uninfected 

DRESS and SJS/TEN cases were revealed upon histological analysis. Various degrees of 

morphological changes and inflammatory patterns were observed in these cases. The main 

epidermal changes and patterns observed in both DRESS and SJS/TEN cases included 

hyperkeratosis, spongiosis and basal vacuolar degeneration, and apoptotic keratinocytes with 

interface dermatitis. In the dermis a perivascular infiltration of inflammatory cells was commonly 

noted, as well as pigmentary incontinence and dermal oedema. A detailed description of the 

patients’ skin biopsy histopathological changes is shown in Tables A-2 and A-3.  

Table 3-7 shows a summary of these histopathologic findings for both HIV-infected and uninfected 

SCAR patients. Hyperkeratosis was observed in 9/15 HIV-infected DRESS cases and in 4/6 HIV-

infected SJS/TEN cases. Epidermal spongiosis was also commonly observed, occurring in 13/15 

of HIV-infected DRESS cases, 3/4 HIV-uninfected DRESS cases and 3/6 HIV-uninfected 

SJS/TEN cases. Apoptotic keratinocytes were observed in 12/15 HIV-infected DRESS cases, and 

in only 1/4 HIV-uninfected DRESS. A focal interface dermatitis at the dermoepidermal junction 

was observed in 7/15 HIV-infected DRESS cases and 4/4 HIV-uninfected DRESS cases. A 

widespread interface dermatitis was only observed in 4/15 HIV-infected DRESS cases. Eight out 

A B 
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of 15 HIV-infected DRESS cases revealed basal vacuolar degeneration at the dermoepidermal 

junction, with only 1/15 cases exhibiting lymphocytic exocytosis. All 2/4 HIV-uninfected DRESS 

cases with basal vacuolar degeneration were accompanied with lymphocytic exocytosis. 

Pigmentary incontinence was observed in 9/19 DRESS cases and in all SJS/TEN cases. Superficial 

perivascular dermatitis was the most commonly observed dermal inflammatory pattern in both 

DRESS (12/19) and SJS/TEN (5/7) cases. Lichenoid dermatitis was only observed in 3/19 of 

DRESS cases and only 1/7 SJS/TEN cases. A predominant infiltration of lymphocytes and 

eosinophils was observed in 10/19 HIV-infected and uninfected DRESS cases. 
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Table 3-7: Summary of histopathologic findings in HIV-infected and uninfected SCAR cases  

Values are given as n (%). Freeman-Halton extension of the Fisher’s exact probability test was used for statistical analysis. P-values ≤ 0.05 were considered significant. 
a 1 out of the 5 HIV-uninfected DRESS cases was not histopathologically evaluated, therefore analysis was done on 4 HIV-uninfected DRESS cases only. 

LOCATION/PARAMETER HISTOLOGICAL 

FEATURE 

DRESS (N=19)  SJS/TEN (N=7) 

 HIV-infected 

(n=15) 

HIV-uninfected 

(n=4) a 

Total (n=19) p-value HIV-infected 

(n=6) 

HIV-uninfected 

(n=1) 

Total (n=7) 

 

EPIDERMAL STRATUM 

CORNEUM 

Parakeratosis 5/15 (33%) 1/4 (25%) 6/19 (32%) 1.00 2/6 (33%) 1/1 (100%) 2/7 (29%) 

Hyperkeratosis 9/15 (60%) 1/4 (25%) 10/19 (52%) 0.30 3/6 (50%) 1/1 (100%) 5/7 (71%) 

Orthokeratosis 0 0 1/19 (5%) 1.00 2/6 (33%) 0  1/7 (14%) 

 

 

 

EPIDERMAL SPINOUS 

LAYER 

Acanthosis 3/15 (20%) 0 3/19 (16%) 1.00 1/6 (17%) 0 1/7 (14%) 

Spongiosis 13/15 (87%) 3/4 (75%) 16/19 (84%) 0.53 3/6 (50%) 0 3/7 (43%) 

Necrotic keratinocytes 0 0 0 1.00 2/6 (33%) 1/1 (100%) 3/7 (43%) 

Apoptotic keratinocytes  12/15 (80%) 1/4 (25%) 13/19 (68%) 0.07 1/6 (17%) 1/1 (100%) 2/7 (29%) 

Epidermal oedema 1/15 (7%) 0 1/19 (5%) 1.00 0  0 0 

Epidermal blister 0 0 0 1.0 1/6 (17%) 1/1 (100%) 2/7 (29%) 

Epidermal detachment 0 0 0 1.00 1/6 (17%) 0 1/7 (14%) 

 Intraepidermal vesicle 1/15 (7%) 0 0 1.00 0 0 0 

 

DERMOEPIDERMAL 

JUNCTION 

Focal interface dermatitis 7/15 (47%) 4/4 (100%) 11/19 (58%) 0.10 1/6 (17%) 0 1/7 (14%) 

Widespread interface 

dermatitis 

4/15 (27%) 0 4/19 (21%) 0.53 0  0 0 

Basal vacuolar 

degeneration 

8/15 (53%) 2/4 (50%) 10/19 (52%) 1.00 2/6 (33%)  0 2/7 (29%) 

Exocytosis 1/15 (6%) 2/4 (50%) 3/19 (16%) 0.09 1/6 (17%) 0 1/7 (14%) 

DERMIS Pigmentary incontinence 7/15 (47%) 2/4 (50%) 9/19 (47%) 1.00 6/6 (100%) 1/1 (100%) 7/7 (100%) 

Dermal oedema 1/15 (7%) 0 1/19 (5%) 1.00 1/6 (17%) 0 1/7 (14%) 

DERMAL 

INFLAMMATION 

Lichenoid 2/15 (13%) 1/4 (25%) 3/19 (16%) 0.53 1/6 (17%)   0 1/7 (14%) 

Perivascular 8/15 (53%) 4/4 (100%) 12/19 (63%) 0.25 4/6 (67%) 1/1 (100%) 5/7 (71%) 

PREDOMINANT 

DERMAL 

INFLAMMATORY 

INFILTRATES 

Lymphocytes only 1/15 (7%) 0 1/19 (5%) 1.00 1/6 (17%) 1/1 (100%) 3/7 (43%) 

Lymphocytes and 

eosinophils 

9/15 (60%) 2/4 (50%) 10/19 (53%) 1.00 2/6 (33%) 0 4/7 (57%) 

Mixed: lymphocytes 

and/or eosinophils, 

neutrophils, plasma cells 

5/15 (33%) 2/4 (50%) 7/19 (37%) 0.60 3/6 (50%)  

0 

 

0 
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3.5. Standard IHC by marker 

Distribution of cell infiltrates in normal and SCAR tissue 

Figure 3-10 is an H&E staining showing overall distribution of inflammatory infiltrates in the skin 

of HIV-infected and uninfected DRESS compared to normal skin. As expected, a higher infiltration 

of cells can be noted in the skin undergoing a SCAR reaction, whereas very little activity is noted 

in normal skin. The absence of any epidermal or dermal histopathological or morphological 

changes characteristic of a drug reaction can also be noted in normal skin (Figure 3-10C-D). 

 

 

Figure 3-10: Distribution of inflammatory infiltrates (denoted by black arrowheads) in the skin of 

HIV-uninfected (A) and infected normal skin (B) compared to HIV-uninfected (C) and infected (D) 

DRESS lesional skin. All images at 100x magnification, scale bar = 100μm 
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Infiltration of lymphocytes confirmed by CD3+ cells 

The presence of lymphocytes in the skin was confirmed using anti-CD3, a pan T-cell marker. 

Figure 3-11 shows an example case, patient 38 (See patient timeline Figure A-4), an HIV-infected 

DRESS patient, showing immunohistochemistry of CD3, CD4, CD8 and CD45RO T-cells. 

Predominant infiltration of CD8+ and CD45RO+ T-cells can be noted, and CD4+ T-cells to a lesser 

extent. 

 

Figure 3-11: Distribution of T cells in skin biopsy of acute HIV-infected DRESS. 

Immunohistochemistry of CD3+, CD4+, CD8+ and CD45RO+, confirming a T cell infiltrate of 

predominantly CD45RO+ and CD8+ T-cells, and to a lesser extent CD4+ T-cells. Scale bars = 200µm. 

CD3 T cells 

Upon revealing histopathological patterns and distribution of inflammatory patterns in SCAR cases 

on H&E staining, the immunophenotypes of these infiltrates between HIV-infected and uninfected 

cases and normal skin was studied. No comparison between HIV-infected and uninfected SJS/TEN 

cases was done due to the small sample size. DRESS cases were quantified separately, and an 

overall combined count of DRESS and SJS/TEN (SCAR) was done for both HIV-infected and 

uninfected cases. Patient disease progression timelines for example cases used are shown in the 

appendix section. 

CD3 

CD4 CD8 

CD45RO 
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As revealed on histological evaluation, there was an increased infiltration of lymphocytes in the 

dermis compared to the epidermis of this skin in both HIV-infected and uninfected SCAR, Figure 

12A-B.  HIV-uninfected DRESS patients (n=5) were associated with significant increased 

infiltration of dermal CD3+ T-cells when compared to HIV-infected DRESS (n=15); median (IQR) 

CD3+ T-cell count (81 (63 - 106) versus 53 (45-62) cells/high-powered field, p = 0.0326), (Figure 

3-13A). A similar pattern was observed in the counts of DRESS and SJS/TEN combined, although 

not statistically significant, p = 0.0915 (Figure 3-13B).  

 

 Figure 3-12: Immunohistochemistry staining of CD3+ T-cells in HIV-infected and HIV-uninfected 

DRESS. (A) Histopathological examination for case 38 on H&E staining revealed spongiotic dermatitis 

with intraepidermal vesicle formation and eosinophils (See patient timeline in Figure A-4). (B) Case 97 

displayed a focal interface change with spongiosis, and superficial perivascular dermatitis composed of 

Case 38: HIV-infected DRESS Case 97: HIV-uninfected DRESS A B 

C D 

E HIV-infected NS HIV-uninfected NS 
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lymphocytes and eosinophils (See patient timeline in Figure A-5). H&E images are at 200x, scale bar 

= 50μm; IHC images are at 400x, scale bar = 50μm.  

 

 

 

 

 

 

 

Figure 3-13: Comparison of CD3 T-cell staining in dermal and epidermal compartments of HIV-

infected and uninfected DRESS only and DRESS + SJS/TEN combined (SCAR). (A) A significant 

increase in dermal CD8+ T-cell counts is noted in HIV-infected compared to HIV-uninfected DRESS. 

A significant increase in dermal and epidermal CD3+ T-cell counts is noted in HIV-infected and 

uninfected DRESS (and SCAR) compared to HIV-infected and uninfected normal skin, respectively. 

CD8 cytotoxic T cells 

Immunohistochemistry revealed a significantly increased dermal and epidermal infiltration of 

CD8+ T-cells in both HIV-infected and uninfected DRESS and SJS/TEN cases compared to normal 

skin (HIV-infected and uninfected) (Figure 3-14). In DRESS cases, there was a predominant dense 

dermal infiltrate of CD8+ T-cells, observed in both HIV-infected and uninfected cases (Figure 3-

14 C&D). Surprisingly, there was only a sparse to mild infiltrate of effector CD8+ T-cells in both 

HIV-infected and uninfected SJS/TEN cases (Figure 3-15A-D). One TEN case had a high 

distribution of effector CD8+ T-cells, that presented with a lymphocytic lichenoid dermatitis 

histopathological pattern on H&E (Figure 3-15 E-F). Overall, there were no significant differences 

observed in the epidermal and dermal CD8+ T-cell counts between HIV-infected and uninfected 

DRESS cases, although in the dermis of HIV-uninfected versus HIV-infected DRESS cases there 

was a higher CD8+ T-cell count; (56 (27 - 87) versus 37 (30-51) cells/high-powered field, p = 

A B 
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0.601) (Figure 3-16A); and a similar trend observed in the counts of DRESS and SJS/TEN 

combined (Figure 3-16B). 

  

 

 

 

 

 

 

 

 

 

  

 

Figure 3-14: A. Immunohistochemistry staining of CD8+ cells in HIV-infected and uninfected DRESS. 

Dense infiltration of CD8 T-cells can be observed in HIV-infected (C) and uninfected (D) DRESS, 

compared to HIV-infected (E) and uninfected (F) normal skin. H&E images are at 200x, scale bar = 

50μm; IHC images are at 400x, scale bar = 50μm. Abbreviations: NS – normal skin. 
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Figure 3-15: A. Immunohistochemistry staining of CD8+ T-cells in HIV-infected and HIV-uninfected 

SJS/TEN; and HIV-infected TEN. (A) Histopathologic examination for the HIV-infected SJS/TEN case 

24 on H&E staining revealed spongiosis in the epidermis and mild perivascular lymphocytic dermatitis 

with no eosinophils in the dermis (See patient timeline in Figure A-2). (B) HIV-uninfected SJS/TEN 

case 28 displayed epidermal hyperkeratosis and parakeratosis with a perivascular lymphocytic dermal 

infiltrate (See patient timeline in Figure A-3). (E) The HIV-infected TEN case 52 displayed a 

lymphocytic lichenoid dermatitis, compatible with a drug reaction (See patient timeline in Figure 3-3). 

A sparse distribution of CD8+ cells can be noted in both HIV-infected (C) and uninfected (D) SJS/TEN 

cases, whereas the HIV-infected TEN case (F), displayed a dense infiltration of cells. H&E images are 

at 200x, scale bar = 50μm; IHC images are at 400x, scale bar = 50μm. 

 

E 

Case 24: HIV-infected SJS/TEN Case 28: HIV-uninfected SJS/TEN A B 

C D 

F Case 52: HIV-infected TEN 



79 

 

 

 

 

 

 

 

Figure 3-16: Comparison of CD8 T-cell staining as a percentage of all CD3+ cells in dermal and 

epidermal compartments of HIV-infected and uninfected DRESS only and DRESS + SJS/TEN 

combined (SCAR). (A) A significant increase in dermal (P = 0.003; 0.016) and epidermal (P = 0.01; 

0.02) CD8+ T-cell counts is noted in HIV-infected and uninfected DRESS compared to HIV-infected 

and uninfected normal skin, respectively. (B) A similar pattern is observed in the counts of DRESS and 

SJS/TEN combined. 

 

CD4 helper T cells 

HIV-uninfected DRESS showed an increased infiltration of dermal and epidermal CD4+ T-cells 

when compared to normal skin. There was, however, a significant decrease in the dermal and 

epidermal infiltration of CD4+ T-cells in HIV-infected DRESS cases, compared to HIV-uninfected 

cases, p = 0.0007 and p = 0.004) respectively (Figures 3-17A-D and 3-18A). A similar trend was 

observed in the overall combined counts of DRESS and SJS/TEN (Figure 3-18B). This decrease in 

CD4+ T-cells was associated with up to a 3-fold increase in the ratio of dermal and epidermal 

CD8+/CD4+ T-cells in HIV-infected DRESS cases, p = 0.009 and p = 0.032 respectively, 

compared to HIV-uninfected cases (Table A-3) and similarly in the counts of DRESS and SJS/TEN 

combined. 

A B 
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Figure 3-17: A. Immunohistochemistry staining of CD4+ cells in HIV-infected and HIV-uninfected 

DRESS. A significant decrease in CD4 T-cells can be noted in HIV-infected DRESS (C) compared to 

HIV-uninfected DRESS (D). Similarly, a very low distribution of CD4 T-cells can be observed in both 

HIV-infected (E) and HIV-uninfected (F) normal skin. H&E images are at 200x, scale bar = 50μm; 

IHC images are at 400x, scale bar = 50μm. Abbreviations: NS – normal skin. 

Case 38: HIV-infected DRESS Case 97: HIV-uninfected DRESS A 

E 

B 

C D 

F HIV-infected NS HIV-uninfected NS 



81 

                          

 

 

 

 

 

 

 

Figure 3-18: Comparison of CD4 T-cell staining as a percentage of all CD3+ cells in dermal and 

epidermal compartments of HIV-infected and uninfected DRESS only and DRESS + SJS/TEN 

combined (SCAR). (A) A significant decrease in CD4+ T-cells can be noted in both dermal (P = 

0.000778) and epidermal (P = 0.00428) compartments of HIV-infected DRESS compared to HIV-

uninfected DRESS. (B) A significant increase in dermal (P = 0.03) and epidermal (P = 0.02) CD4+ T-

cells can be noted in HIV-uninfected DRESS compared to HIV-uninfected normal skin. Similar trends 

can be observed in the counts of DRESS and SJS/TEN combined.  

 

CD45RO+ memory T cells 

Expression of effector memory cells was assessed using the CD45RO marker. This single marker 

method is not able to distinguish T-cell (CD4 versus CD8) or T-cell memory subsets (effector 

central or tissue resident memory). Both HIV-infected and uninfected SCAR cases showed a dense 

expression CD45RO memory T-cells in the skin (Figure 3-19A-D), and significantly higher when 

compared to normal skin (Figure 3-19E-F, Figure 3-20). This suggested that most of the 

inflammatory infiltrates had previously encountered antigen/drug interaction. Overall, there were 

no significant differences in the dermal and epidermal CD45RO+ expression observed between 

HIV-infected and uninfected SCAR cases, although a trend toward an increase was observed in the 

dermis of HIV-uninfected DRESS patients, (55 (37 - 81) versus 42 (33 - 50) cells/high-powered 

A B 
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field; p = 0.224) (Figure 3-20A-B). A similar trend was observed in the counts of DRESS and 

SJS/TEN combined. 

 

Figure 3-19: Immunohistochemistry staining of CD45RO+ T-cells in HIV-infected and HIV-

uninfected DRESS. Dense infiltration of CD45RO+ T-cells can be observed in both HIV-infected (C) 

and uninfected DRESS (D) compared to HIV-infected (E) and uninfected normal skin (F). H&E images 

are at 200x, scale bar = 50μm; IHC images are at 400x, scale bar = 50μm. 
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Figure 3-20: Comparison of CD45RO+ T-cell staining as a percentage of all CD3+ cells in dermal and 

epidermal compartments of HIV-infected and uninfected DRESS only and DRESS + SJS/TEN 

combined (SCAR). (A) A significant increase in dermal (P = 0.02; 0.016) and epidermal (P = 0.01; 

0.11) CD45RO+ T-cell staining is noted in HIV-infected and uninfected DRESS compared to HIV-

infected and uninfected normal skin, respectively. (B) A similar trend can be noted in the counts of 

DRESS and SJS/TEN combined. 

To determine which T-cell sub-population displayed a higher effector memory phenotype, a 

CD4+/CD8+ and CD45RO+ cells double fluorescent staining was performed (Figure 3-21). On 

gross appearance, both CD4+ and CD8+ cells displayed CD45RO+ co-expression amongst HIV-

infected DRESS and SJS/TEN. However, due to CD4+ T-cell depletion observed in HIV-infected 

cases, co-expression of CD4+ with CD45RO+ (Figure 3-21C) was observed to a lesser extent when 

compared to CD8+CD45RO+ co-expression (Figure 3-21B). Both CD4+ and CD8+ cells displayed 

a high CD45RO+ co-expression amongst HIV-uninfected SCAR. These cells were quantified 

amongst 4 HIV-infected and 3 HIV-uninfected DRESS cases only. Overall, no significant 

differences were observed in the number of dermal CD8+ cells co-expressing CD45RO+ as a 

percentage of CD8+ cells present amongst HIV-infected (n=4) versus HIV-uninfected DRESS 

patients (n=3); [median IQR %CD8+ co-expressing CD45RO+, 80 (78 - 83) versus 78 (74 - 82); p 

=0.47]. Similarly, no significant differences were observed in the number of dermal CD4+ cells 

co-expressing CD45RO+ as a percentage of CD4+ cells present amongst HIV-infected versus 

uninfected DRESS; [77 (76 - 78) versus 76 (76 - 78); p = 1.00] (Figure 3-22).  

A B 
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Figure 3-21: Co-expression of CD45RO+ with CD8+ and CD4+ cells in HIV-infected DRESS (A). 

CD8+CD45RO+ (B, white arrowhead) and CD4+CD45RO+ double staining (C, yellow arrowhead). 

Scale bars: A = 20µm; B&C = 50µm. 
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Figure 3-22: Comparison of dermal and epidermal infiltration of CD4+/CD8+ cells co-expressing 

CD45RO amongst HIV-infected and uninfected DRESS patients. No Significant differences can 

be observed although a trend towards an increase in dermal and epidermal CD8+CD45RO+ co-

expression is seen amongst HIV-infected DRESS patients. 

 

Basic IHC differences between HIV single and multiple drug reactors 

The immunohistological phenotypes between HIV-infected SCAR patients clinically reacting to a 

single drug were compared to those reacting to multiple unrelated medications. HIV-infected 

DRESS and SCAR patients reacting to multiple unrelated medications were associated with a non-

significant increase in the infiltration of dermal and epidermal CD3+ lymphocytes compared to 

single drug reactors. This was associated with a significant increase in dermal CD4+ T-cells in 

multiple drug reactors (n=4) compared to single drug reactors (n=12) amongst HIV-infected SCAR 

patients; (32 (23 - 41) versus 15 (11 - 20) cells/high-powered field, p = 0.0336). A similar trend 

was observed amongst HIV-infected DRESS patients, although not statistically significant; (24 (22 

- 32) versus 18 (12 - 21) cells/high-powered field, p = 0.15).  No difference in the peripheral blood 

CD4 cell counts were noted between DRESS single versus multiple drug reactors, mean CD4 count 

(IQR) 86.5 (52.5 – 281.8) cells/µl and 141 (103.5 – 141.5) cells/µl respectively, p = 0.73; similarly 

in the counts of DRESS and SJS/TEN cases combined (p = 0.39).  

Figure 3-23: Immunohistochemistry staining of CD4+, CD8+ and CD45RO+ cells in HIV-infected 

DRESS single and multiple drug reactors. (A) Histopathologic examination for case 103 revealed 

a perivascular dermatitis with focal interface inflammations and isolated eosinophils.  (B) Case 137 

on H&E staining revealed interface dermatitis with mild eosinophilia compatible with a drug 
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reaction; and CD8+ and CD45RO+ cells display a similar distribution of cells for both cases, with 

an expected decrease in CD4+ cells. H&E images are at 200x, scale bar = 50μm; IHC images are 

at 400x, scale bar = 50μm. 

 

 

 

 

 

 

 

 

 

 

Figure 3-24: Comparison of dermal and epidermal infiltrates of the different T cell types amongst 

single and multiple drug reactors in HIV-infected DRESS only and DRESS + SJS/TEN combined 

(SCAR). A significant increase in the dermal infiltration of CD4+ T-cells in multiple drug reactors can 

be seen amongst HIV-infected SCAR cases (B). A similar trend is observed in HIV-infected DRESS 

cases (A), although not significant.  

 

3.6. Regulatory T-cell assay 

Treg-specific confocal microscopy was performed on skin sections, staining for CD3+, CD4+, and 

FOXP3+ colocalization. Due to the relatively low numbers of Tregs observed, a larger area of the 

section was analysed. Treg counts were reported as density of cells/mm2, as well as frequency as a 

percentage of CD4+ T cells. Overall, very few cells were observed in the epidermis or at 

dermoepidermal junction, while majority were detected in the superficial to mid dermis, appearing 

in areas of clustered CD4+ cells.  

 

A B 
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HIV-infected cases 

There were no significant differences observed in the epidermal distribution of Tregs amongst HIV-

infected DRESS (Figure 3-25) versus HIV-infected SJS/TEN (Figure 3-26), although a non-

significant increase in dermal Tregs was observed in DRESS cases (10 (0-26) versus 9 (3 - 19) 

cells/mm2), p = 1.0). These low Treg numbers observed in SJS/TEN (n=2) corresponded to a sparse 

lymphocytic infiltration revealed by H&E staining, while a higher infiltration was observed in TEN 

cases (n=4); [2 (1-2) cell/mm2 versus 17 (10 – 26) cells/ mm2, p =0.133].  

HIV-infected DRESS patients with true positive reactions to multiple drugs (n=2) showed a non-

significant increase in the density of dermal Tregs compared to those reacting to a single drug 

(n=10); (42 (37 - 47) cells/mm2 versus 10 (2-19) cells/mm2, p = 0.064) (Figure 3-27). A significant 

increase in Treg infiltration was observed in the epidermis of multiple drug reactors, p = 0.0344. 

In the counts of DRESS and SJS/TEN combined (SCAR), there was a significant increase in the 

dermal Treg infiltration in multiple drug reactors (n=3) compared to single drug reactors (n=12); 

(39 (36-48) versus 10 (1-22), p-value = 0.0241, similarly in epidermal Treg counts, p = 0.007. We 

further categorized the Treg counts in HIV-infected SCAR patients by the number of days from 

symptoms onset to skin biopsy sampling; patients sampled ≤7 days versus >7 days from the onset 

of clinical symptoms (Figure 3-28). A trend towards an increase in the dermal infiltration of Tregs 

was observed in DRESS patients sampled ≤7 days from onset of symptoms. 
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Figure 3-25: Confocal microscopy Treg staining in case 15, HIV-infected DRESS. (See patient 

timeline in Figure A-1) (D) Histopathologic examination on H&E staining revealed a basketweave 

hyperkeratosis with spongiosis in the epidermis and a dermal superficial perivascular interface 

dermatitis with eosinophils. The red arrowheads denote colocalization of CD3+CD4+FOXP3+ Treg 

cells (B). Most Treg cells can be observed in the superficial to mid dermis, and a few in the epidermis 

(C). Dotted white line denote the boundary between the epidermis and dermis (dermoepidermal 

junction). Scale bar = 100µm  

 

Figure 3-26: Confocal microscopy Treg staining in case 52, HIV-infected TEN. (See patient timeline 

in Figure 3-3). Histopathologic examination on H&E staining revealed a lichenoid dermatitis, 

compatible with a drug reaction. Similar to DRESS, Tregs were mostly distributed in the superficial 

dermis. Scale bar, 100µm. 
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Figure 3-27: Density of Tregs/mm2 between HIV-infected single and multiple drug reactors. 

DRESS single drug reactors (n=10) and multiple drug reactors (n=2). SCAR single drug reactors (n=12) 

and multiple drug reactors (n=3). A significant increase in Tregs is observed in both the dermis and 

epidermis of multiple drug reactors amongst HIV-infected SCAR cases. A similar trend is observed 

amongst HIV-infected DRESS cases. 

 

 

 

 

 

 

 

 

 

Figure 3-28: Density of Tregs in HIV-infected DRESS and SCAR (DRESS + SJS/TEN) cases 

sampled ≤7 days versus >7 days from onset of clinical symptoms. 
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HIV-uninfected cases 

As demonstrated by immunohistochemistry staining, HIV-uninfected DRESS was associated with 

a high infiltrate of CD4+ T-cells in the dermis. In contrast, a low and very sparse distribution of 

Tregs was observed in the dermis, with little to none in the epidermis of HIV-uninfected cases 

(Figure 3-29 A&B). The frequency of Tregs in relation to the number CD3+CD4+ T-cells present 

was also decreased when compared to HIV-infected DRESS & SCAR (Figure 3-31 B&D.). 

Overall, the density of dermal Tregs was depleted in HIV-uninfected DRESS (n=5) compared to 

HIV-infected DRESS (n=14), although this was not statistically significant (4 (3 -8) cells/mm2 

versus 10 (0 - 30) cells/mm2, p = 0.325). A similar observation was observed in the overall dermal 

counts of SCAR (DRESS and SJS/TEN combined), (4 (3 - 7) cells/mm2 versus 10 (1 - 27) 

cells/mm2, p = 0.28).  

 Figure 3-29:  Confocal microscopy Treg staining in HIV-uninfected DRESS cases 102 (A) and case 

97 (B). (A) See disease progression timeline for patient 102 in Figure A-6. (B) Histopathologic 
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examination on H&E for case 97 staining revealed a mild superficial dermal perivascular lymphocytic 

inflammation with low eosinophils on histopathological examination (See patient timeline in Figure A-

5). A sparse dermal distribution of Tregs can be noted for case 102. Case 97 displayed a very high 

CD4+ skin count, although little to no active Tregs were present. Scale bar, 50µm (A) and 100µm (B). 

HIV-infected and uninfected normal skin 

Figure 3-30: Distribution of Tregs in HIV-infected (A) and HIV-uninfected (B) normal skin. Low 

distribution of Tregs can be observed for both, however a high frequency in relation to the number of 

CD4+ cells present can be noted. Scale bars, 50µm. 

 

Despite the dense infiltration of CD4+ T cells observed in HIV-uninfected DRESS cases, there was 

no significant differences in the density of dermal and epidermal Tregs observed when compared 

to HIV-uninfected normal skin, p = 0.71 and p = 0.86 respectively (Figure 3-31 A); similarly in the 

counts of DRESS and SJS/TEN combined (Figure 3-31 D).  A similar trend was observed between 

HIV-infected DRESS and SCAR versus HIV-infected normal skin (Figure 3-31 A-D). Notably, 

there was a trend toward an increase in the frequency of Tregs as a percentage of CD4+ T-cells 

B 
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observed in the dermis of HIV-infected normal skin compared to HIV-infected DRESS [13 (8 - 21) 

versus 7 (0 – 24), p = 0.73]; and similarly, between HIV-uninfected normal skin versus HIV-

uninfected DRESS [12 (11 - 13) versus 3 (0 - 5), p = 0.25] (Figure 3-31B). A similar trend was 

observed in frequency of Tregs in the counts of DRESS and SJS/TEN combined (Figure 3-31D). 

However, no differences were observed in the frequency of Tregs between HIV-infected and 

uninfected normal skin. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3-31: Quantification of Tregs amongst HIV-infected and uninfected DRESS only and DRESS 

+ SJS/TEN combined (SCAR). Density of Tregs/mm2 in HIV-infected and uninfected DRESS (A) and 

SCAR (DRESS+ SJS/TEN) (C). Frequency of Tregs expressed as a percentage of CD4+ T-cells present 

in DRESS (B) and SCAR (DRESS+ SJS/TEN) (D). 
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3.7.  Increased skin infiltrating Tregs in an HIV-infected DRESS patient with a long 

delay between symptoms onset and skin biopsy. 

A definite DRESS patient secondary to rifampicin and isoniazid, stood out amongst the HIV-

infected SCAR cases. This patient was sampled 73 days after the onset of clinical symptoms, and 

not in the acute stage of reaction. The patient is HIV positive on ART and was diagnosed with 

extrapulmonary TB (urine LAM+). They were started on rifafour (FDC), which was later changed 

to rifinah, and they presented with first skin symptoms characterized by an 80% BSA skin rash, 

erythema, epidermal necrosis, and typical target lesions, and all drugs were stopped. Their most 

recent serum CD4 count at the time of reaction was 142 cells/mm3 and the patient was on ART. 

They presented with deranged LFTs (AST (43), ALP (456) and GGT (307)), although eosinophils 

were normal (0.37 x 109/l). Histopathologic examination on H&E was consistent with a drug 

reaction, revealing hyperkeratosis, parakeratosis, and acanthosis in the epidermis, with an interface 

dermatitis resulting in epidermal spongiosis and basal vacuolar degeneration. Scattered dermal 

eosinophils were present. On day 71, the patient was restarted on rifinah and ART, and they 

developed a new rash. rifinah was changed to individual rifampicin and isoniazid and another rash 

developed, with deranged LFTs. However, skin symptoms were managed by applying topical 

dovate and the rash resolved and LFTs normalized, and the patient was discharged on rifampicin, 

isoniazid and dovate. They were readmitted again on day 92 after developing new skin symptoms 

secondary to the discharge regimen. The concentration for topical dovate was increased and 

temporarily managed the rash, but symptoms later worsened, and all treatment was stopped. On 

readmission, the patient had a positive polymerase chain reaction (PCR) to CMV accompanied by 

as positive IgG test for CMV and EBV. A timeline for the patients’ disease progression is shown 

in Figure 3-32.  

Immunohistochemistry staining revealed a very dense infiltration of CD8+ and CD45RO+ T-cells 

in both dermal and epidermal compartments, and CD4+ T-cells to a lesser extent (Figure 3-33). 

Despite the low infiltration of CD4+ T-cells compared to CD8+ and CD45RO+ cells, the CD4+ 

infiltration was higher for this patient when compared to that observed in all HIV-infected SCAR 

cases sampled in the acute phase of reaction. Of note though was the comparatively high infiltration 

of Tregs, with a density of 107 and 193 cells/mm2 in both epidermal and dermal compartments, 

respectively. 
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 Figure 3-32: Disease progression timeline for patient 105.  An HIV positive 35-year-old male definite DRESS patient with extrapulmonary TB. The patient was on ART 

and rifafour at the time of reaction.
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Figure 3-33: Increased infiltration of Tregs and effector T cells in case 105, HIV-infected DRESS 

patient. Histopathologic examination on H&E (A) staining showed hyperkeratosis, acanthosis, 

spongiosis and parakeratosis. The epidermis showed multiple apoptotic keratinocytes and an interface 

inflammation with basal vacuolar degeneration, all compatible with a drug. A dense infiltration of CD8+ 

(C) and CD45RO (D) T-cells can be noted, and to a lesser extent CD4+ T-cells (B). The skin was 

infiltrated with a high number of Tregs (E) in both dermal and epidermal compartments. Scale bar, 

100µm. 
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3.8. Association between dermal CD4+ or Treg counts with demographic or clinical 

characteristics. 

We examined for correlations between clinical or demographic characteristics with dermal 

numbers of CD4 T cells and Tregs. Figure 3-34, Figure 3-35, and Table A-6 summarize the 

correlation analysis in HIV-infected and uninfected DRESS patients; and Table A-7 shows 

association with SCAR patients (DRESS & SJS/TEN combined), respectively. We found a 

significant negative correlation between age and dermal Tregs counts in HIV-infected SCAR 

patients (R2 = 0.396, p = 0.003). A similar trend was observed amongst HIV-infected DRESS (R2 

= 0.402, p = 0.015). We found a trend toward a positive correlation between dermal Tregs and days 

from onset of symptoms to sampling amongst HIV-uninfected SCAR (R2 = 0.869, p = 0.007); and 

similarly, amongst HIV-uninfected DRESS (R2 = 0.869, p = 0.021). There was a positive 

correlation between dermal Tregs and eosinophil counts amongst HIV-uninfected DRESS (R2 = 

0.945, p = 0.006); and similarly, amongst HIV-uninfected SCAR (R2 = 0.878, p = 0.006). Amongst 

HIV-uninfected DRESS, there was an association between dermal Tregs and BSA skin rash (R2 = 

0.909, p = 0.012); and similarly, amongst HIV-uninfected SCAR (R2 = 0.781, p = 0.02). Dermal 

Tregs and CD4 counts were positively associated with the enzyme ALT amongst HIV-infected 

DRESS (R2 = 0.441, p = 0.01 and R2 = 0.289, p = 0.047 respectively. However, using Bonferroni 

correction for multiple comparisons, p values ≥ 0.005 were considered not statistically significant. 

No significant correlations were observed between serum CD4 counts or log viral loads with dermal 

CD4+ and Tregs counts amongst HIV-infected DRESS and SCAR patients. It must be noted that 

majority of the viral loads and CD4 counts recorded were not within the same time frame as the 

biopsy sampling period, and thus may not give an accurate indication of HIV disease state. No 

significant correlation was observed between dermal CD4 or Treg counts with RegiSCAR severity 

scores amongst HIV-infected and uninfected patients. 

An exploratory multivariate linear regression analysis was performed to determine predictors for 

dermal Tregs amongst HIV-infected and uninfected SCAR cases (n=26) and HIV-infected SCAR 

cases (n=20) (Table 3-8). Independent variables tested for included days from symptoms onset to 

biopsy, HIV status, SCAR phenotype, eosinophil count, ALT, serum CD4 count and the BSA skin 

rash. No significant association was observed between dermal Tregs, and all the independent 

variables tested. 
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Figure 3-34: Association between dermal CD4 counts with demographic and clinical characteristics in HIV-infected & uninfected DRESS. Using Bonferroni correction, P-

values ≤ 0.005 were considered significant. *HIV viral loads were log transformed to permit the use of a linear model. 
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Figure 3-35: Association between dermal Treg counts with demographic and clinical characteristics in HIV-infected & uninfected DRESS. Using Bonferroni correction, P-

values ≤ 0.005 were considered significant. *HIV viral loads were log transformed to permit the use of a linear model. 
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Table 3-8: Association between dermal Treg counts clinical characteristics in all DRESS and SJS/TEN patients. 

 

                                                    

INDEPENDENT VARIABLE 

                                                                                                                                                       

DEPENDENT VARIABLE = DERMAL TREG COUNTS (CELLS/MM2) 

 Multivariate r2 (coefficient, p value) 

 All patients (n=26) a 

r2 = 0.168 

HIV-infected patients (n=20)  

r2 = 0.187 

                                                                    

Days from symptoms onset to sampling 

 

 (-0.161, 0.482) 

 

(-0.266, 0.338) 

                                                                    

HIV status 

 

 (-0.271, 0.294) 

 

- 

                                                                 

SCAR phenotype 

 

 (-0.177, 0.459) 

 

(-0.191, 0.543) 

                                                           

Eosinophil count 

 

(-0.140, 0.573) 

 

(-0.259, 0.379) 

                                                                

Alanine aminotransferase (ALT) 

 

(0.182, 0.506) 

 

(0.142, 0.634) 

                                                                   

Serum CD4 count  

 

- 

 

(0.137, 0.641) 

                                                             

Percentage BSA skin rash 

 

(0.322, 0.236) 

 

(0.206, 0.483) 

 

       a Serum CD4 count variable excluded from analysis due to missing data for HIV-uninfected patients. 

    *Multivariate regression for HIV-uninfected patients not done due to small sample size. 
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4. DISCUSSION  

Globally, DRESS and SJS/TEN are the two most frequent SCAR clinical manifestations, with an 

up to 100-fold increased risk amongst persons living with HIV (Peter et al., 2019). In South Africa, 

the high prevalence of TB coinfection amongst persons living with HIV generates a considerable 

prescribing pressure, and first-line anti-tuberculosis drugs (FLTD) and cotrimoxazole prophylaxis 

antibiotics are the most common offenders for SCAR. DRESS and SJS/TEN cause considerably 

high morbidity and mortality globally, and in the context of advanced HIV-related 

immunosuppression create massive treatment complexity and considerable healthcare costs 

(Knight et al., 2019). Research to better understand the immune mechanisms underlying these 

SCAR in the context of the vulnerable and immunologically distinct HIV population is urgently 

required to aid any prevention, diagnostic or treatment tools and strategies.  

The hallmark feature of advancing HIV is CD4 T cell depletion, but several aspects of immune 

dysregulation such as expansion of effector memory cells and possible depletion of 

immunoregulatory mechanism have been proposed to be important drivers of SCAR (Peter et al., 

2019). Detailed immunohistological study of site-of-disease samples is the starting point in 

understanding the key pathological immune cell subsets and getting early insights into 

immunopathogenesis. Surprisingly though, to date there is only one immunohistological study 

amongst persons with HIV and SCAR that have examined both effector and regulatory T-cells 

subsets. Thus, in the current study, we sought to characterize the immunophenotype of DRESS and 

SJS/TEN in our cohort of comorbid HIV-TB infection, with predominantly FLTD as offending 

agents. We outline histopathological and immunohistological differences of DRESS and SJS/TEN 

patients with and without HIV co-infection, and furthermore we examine for immunohistological 

features that may predict patients likely to have clinical reactivity to more than one drug during 

SDC.  

Histological appearance of DRESS and SJS/TEN similar in HIV-infected and uninfected 

cases 

The diagnosis of DRESS and SJS/TEN can be challenging due to heterogeneity in clinical 

presentations, as well as overlapping dermatological and other clinical features with non-drug 

driven skin diseases.  Certain histopathologic features are associated with SCAR phenotypes, and 

histology is included in most published validation tools for DRESS and SJS/TEN (Kardaun et al., 

2007, Kardaun et al., 2014, Bastuji-Garin et al., 1993, Sasidharanpillai et al., 2022). A female 

predominance of our study population, the clinical presentations of skin eruptions, haematological 

changes and histopathologic findings were consistent with existing DRESS (Ortonne et al., 2015, 
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Walsh et al., 2013, Chi et al., 2014, Borroni et al., 2014, Wongkitisophon et al., 2012, Maoz and 

Brenner, 2007, Weinborn et al., 2016) and SJS/TEN cohorts reported in literature (Orime, 2017, 

Wetter and Camilleri, 2010, Weinborn et al., 2016), thus the majority of HIV-infected SCAR cases 

were RegiSCAR validated as definite or probable DRESS or SJS/TEN cases. Consistent 

histopathological changes in DRESS have been reported in several studies in literature. Ortone et 

al. compared histopathological changes between DRESS and maculopapular rash (MPR) patients 

and revealed various inflammatory patterns frequently seen in DRESS including foci of interface 

dermatitis, apoptotic keratinocytes, lymphocytic exocytosis, and a dermal infiltration of 

predominantly neutrophils and eosinophils (Ortonne et al., 2015). A similar study by Chi et al. 

compared clinicohistopathological features of 32 patients with RegiSCAR defined 

probable/definite DRESS to 17 patients with MPE. They revealed that major pathological changes 

more frequent in DRESS than in MPE included dyskeratosis and spongiosis in the epidermis, 

interface vacuolization at the dermoepidermal junctional, and a perivascular lymphocytic 

infiltration with eosinophils (Chi et al., 2014). In some studies, these histopathologic findings in 

DRESS have been used as prognostic markers for disease outcome and severity. Walsh et al. 

reported the most frequent histopathological changes in a series of 27 DRESS to be spongiotic 

dermatitis and basal cell vacuolization with apoptotic keratinocytes. They reported that the 

presence of apoptotic keratinocytes was associated with a more severe phenotype, with liver injury 

and an erythema multiforme-like eruption of atypical targets (Walsh et al., 2013). Sasidharanpillai 

et al. in a study of 40 cases of DRESS showed a significant association between interface dermatitis 

with hepatic involvement (Sasidharanpillai et al., 2020).  In the current study, similar histological 

patterns were observed in both HIV-infected and uninfected DRESS cases, with the most frequently 

reported findings including hyperkeratosis, spongiosis and apoptotic keratinocytes in the 

epidermis, focal interface dermatitis with basal vacuolar degeneration and exocytosis at the 

dermoepidermal junction, and a perivascular lymphocytic inflammatory pattern and pigmentary 

incontinence in the dermis.  Of note amongst HIV-infected DRESS cases, apoptotic keratinocytes 

were observed in 80% of the cases (12 out of 15), compared to 25% (1 out 0f 4) in HIV-uninfected 

cases (p = 0.07). Seven out of the 12 HIV-infected DRESS cases with apoptotic keratinocytes 

presented with severe liver involvement, presenting as deranged LFTs. This finding supports 

reports in literature suggesting that apoptotic keratinocytes may be a prognostic marker in 

predicting severity of liver complications (Chi et al., 2014, Ortonne et al., 2015, Skowron et al., 

2015, Walsh et al., 2013, Orime, 2017). Similar to DRESS, histopathologic changes observed in 

SJS/TEN cases were consistent with data reported in literature including formation of epidermal 

blisters, necrotic and apoptotic keratinocytes, and pigmentary incontinence (Wetter and Camilleri, 

2010). These findings put together, reveal the diverse histopathologic presentations of these 
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reactions and further highlight that no finding is specific to confirm diagnosis, hence why a 

combination of these histopathological changes often serves as a diagnostic clue for clinical 

pathologists. The absence of any histopathological and morphological changes in both dermal and 

epidermal compartments of normal skin, and the low distribution of inflammatory infiltrates 

compared to those observed in SCAR further highlight the extent of cutaneous damage and severity 

of these reactions. Although this data suggest the overall histopathological picture of SCAR is 

similar in HIV-infected and uninfected patients, these numbers are small, particularly for SJS/TEN, 

and larger numbers for each phenotype are required to confirm these findings.    

Effector T-cell infiltrates differ amongst HIV-infected and uninfected SCAR patients. 

IHC staining of CD3, CD4 and CD8+ T-cells confirmed large numbers of these T-cells at the site 

of pathology in both HIV-infected and uninfected DRESS and SJS/TEN compared to normal skin. 

This support the primary role of drug-specific lymphocytes in the immune pathology of these 

reactions (Peter et al., 2017, White et al., 2015, Miyagawa and Asada, 2021). CD4+ T-cell 

infiltrates were reduced in the dermis of HIV-infected DRESS and SJS/TEN cases, with resultant 

increase in the ratio of CD8+/CD4+. These findings are consistent with the only other small 

previous study. Yang et at. characterized the composition of inflammatory infiltrates in 12 cases of 

TEN amongst HIV-infected and uninfected patients, reporting a decrease in CD4+ T-cell infiltrates 

and resultant significant increase in the ratio of CD8+/CD4+ cells in the dermis of HIV-infected 

patients (Yang et al., 2014). Notably, the changes in the CD8/CD4 ratio were mainly driven by the 

decrease in dermal CD4+ cells rather than an increase in CD8+ cells in HIV-infected SCAR cases 

when compared to HIV-uninfected SCAR cases. We did not find a correlation between serum and 

dermal CD4 T-cell counts in HIV-infected DRESS cases, indicating that although overall depletion 

of the circulating CD4+ T-cell pool is likely a major driver of this finding, several additional factors 

may impact individual CD4+ T-cell dermal infiltrates including CD4 cell activation and exhaustion 

status, migratory capacity/skin homing receptor expression and extent/duration of drug-induced 

antigenic stimulation.  

The relationship between the peripheral CD4 T-cell counts and likelihood of developing drug 

reactions has produced conflicting data. Smith et al. observed an increased likelihood of developing 

drug reactions with decreasing serum CD4 counts and CD4/CD8 ratio in HIV-infected individuals, 

predominantly secondary to cotrimoxazole and other sulphonamide drugs.  However, early studies 

have identified higher CD4 cell counts to be a predictor for SCAR. For instance, short-term 

nevirapine therapy in non-HIV-infected patients has been linked with serious hepatic and 

cutaneous reactions (Patel et al., 2004). In HIV-infected patients initiating nevirapine-

containing cART, the risk for developing SJS and DILI was observed at CD4 cells counts 
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higher than 200 cells/mm3 (Hasan et al., 2022, Tseng et al., 2014, Dube et al., 2013). There 

have also been studies where no association between CD4 counts and disease onset was found 

(Peters et al., 2010, Phanuphak et al., 2007).  Mechanistically, a possible explanation to the 

increased risk for developing SCAR with decreasing CD4 cell counts is the direct effect of 

depleted CD4 T cells on professional APCs phenotype and expression of costimulatory 

markers essential for naïve and memory T cells activation. Cardone et al. developed a 

mechanism of tolerance or hypersensitivity to abacavir in an HLA-B*57:01-trangenic mouse 

model (Cardone et al., 2018, Phillips and Mallal, 2018). They reported that in vivo depletion 

of CD4+ T-cells in HLA-B57:01+ mice prior to abacavir administration enhanced the 

maturation of DCs to a CD68hiCD80hiPD-L1hi phenotype that is capable of co-stimulation and 

induction of ABC-reactive effector CD8+ T cells that can traffic to the skin and induce 

hypersensitivity. In immunocompetent transgenic mice and in the presence of CD4 T-cells, 

DCs remain in an immature state, and the mouse tolerates the altered peptide repertoire 

(Cardone et al., 2018, Phillips and Mallal, 2018).  

CD45RO+ T-cells predominated across CD3+ T-cell infiltrates in the dermis of both DRESS and 

SJS/TEN patients, with no differences noted between HIV-infected and uninfected patients. There 

was, however, a trend toward increased dermal CD45RO+ T cell expression observed in HIV-

uninfected DRESS and SJS/TEN cases compared to HIV-infected cases. The decrease in 

CD45RO+ expression in HIV-infected cases reflects depletion in CD4+ T cell counts observed 

when compared to HIV-uninfected cases, as further reflected by the decreased CD4+CD45RO+ 

co-expression as highlighted in Figure 3-19C. The presence of  these memory cells in normal skin, 

particularly HIV-uninfected skin, shows that even in the resting unaffected/non-lesional skin, 

majority of resident skin T cells have previously encountered pathogen, and are antigen-primed to 

allow for a swift response on secondary antigen exposure (Bos et al., 1989). There is increasing 

evidence that effector memory T cells, particularly TRM cells, play a role in mediating skin 

disorders. Withing drug reactions, their role in FDE are the best described, where skin lesions 

reappear at the same skin site when patients are re-exposed to a causative drug (Schunkert et al., 

2021, Mizukawa et al., 2002).  In the context of SCAR, Iriki et al. reported a case of TEN that 

occurred in the absence of circulating drug-reactive T cells, but in the presence of skin resident 

CD69+CD45RO+CD4+ and CD8+ T cells, suggesting their role in disease pathogenesis (Iriki et 

al., 2014).  Furthermore, Trubiano et al reported increased number of CD45RO+CD69+CD4+ and 

CD8+ TRM cells in DRESS patients after resolution of disease (Trubiano et al., 2020). These cells 

have also been described in other inflammatory skin disorders such as psoriasis and mycosis 

fungoides (Clark, 2015, Cheuk et al., 2014, Aladily et al., 2022). In psoriasis patients with 
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progressive psoriatic lesions and regressed plaques at remission, an excess of CD45RO+ T cells 

was observed when compared to the skin of healthy volunteers (Khairutdinov et al., 2017). 

Activation of the TCR by the appropriate peptide-MHC ligand results in proliferation of peptide-

specific lymphocytes into effector T cells which further generate effector memory T cells which 

are generally characterized by the cellular marker CD45RO, and lack of the naïve T cell marker 

CD45RA (White et al., 2015, Farber et al., 2014). The majority of CD45RO+ T-cells lack 

expression of the lymph node homing receptor CCR7, allowing them to maintain surveillance at 

peripheral tissues, including the skin (White et al., 2015). CD45RO+ memory T cells generally 

require fewer costimulatory signals/lower threshold for activation upon secondary antigen 

exposure (White et al., 2015). In the context of SCAR, these memory T cells likely migrate to the 

skin when exposed to antigens specific to drug, and may differentiate into skin TRM, residing 

indefinitely in the skin. Memory T cells against viral infections i.e., HHV or HIV constitute a 

significant proportion of the memory T cell pool,  and have been proposed as contributory to SCAR 

in the heterologous immunity model (White et al., 2015). It has been proposed that these viral 

directed effector memory T-cells can cross-react with drug-specific epitopes resulting in SCAR 

(Almeida et al., 2019, Schunkert et al., 2021, White et al., 2015). The exploration of the viral-

specificities of skin memory T-cells was beyond the scope of this project, but the specificities and 

role of HIV-specific tissue effector memory T-cells is a key future research focus. Although the 

percentage of CD4+ and CD8+ T cells expressing CD45RO+ amongst HIV-infected versus 

uninfected DRESS patients was similar, further phenotyping with additional cell surface markers 

of tissue residency including CLA+, CD69+ and CD103+ (effector central versus tissue resident 

memory) is required to better define tissue resident subsets where differences may be noted.   

Inflammatory T-cell infiltrates differ between DRESS patients reacting to more than one 

versus a single anti-TB drug.  

Sequential drug rechallenge remains the gold standard in establishing drug causality and is 

currently the preferred method to identifying offending drugs and rapidly allow the 

recommencement of tolerated anti-TB medications. The high mortality associated with TB in 

advanced HIV-infection means that patients frequently also need a bridging regimen of anti-TB 

drugs, that are not FLTDs, while the clinical and laboratory features of acute SCAR settle prior to 

SDC. Multiple drug hypersensitivities, neosensitisations and non-specific flare-up reactions are all 

described and debated in the DRESS literature (Pichler et al., 2017, Pichler et al., 2011, Jorg et al., 

2020a, Jorg et al., 2020b, Jorg-Walther et al., 2015, Peter, 2016, Jin et al., 2021) Amongst patients 

having SCAR to FLTDs, reactions to multiple chemically distinct drugs is described amongst HIV-

infected and uninfected cohorts (Jin et al., 2021, Lehloenya and Dheda, 2012, Lehloenya et al., 
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2012). Patients reacting to multiple anti-TB drugs during bridging and SDC pose a particular 

challenge for both current and future treatment of TB, as this requires a minimum of four-drug 

therapy for six months. Thus, an improved understanding of the risk factors of reacting to multiple 

TB drugs, and the immunopathogenesis would be very useful to define which reactions can be 

treated through and which need to be permanently avoided. Current hypotheses included host and 

drug-related factors such as: i) true sensitization of T-cells to multiple, chemically distinct drugs, 

facilitated by the activated immune environment of acute DRESS, ii)  lower thresholds for non-

specific flare ups, and iii) viral reactivation of HHV (Pichler et al., 2017). The majority of these 

hypothesis have evidence for and against. For example, a study by Mardivirin et al. reported seven 

cases of amoxicillin-induced flare-ups in patients with DRESS induced by other drugs; 

demonstrating that amoxicillin increased the replication of HHV-6 in vitro (Mardivirin et al., 2010); 

the clinical implications of this are unclear. Similarly,  in vivo (e.g., skin patch testing) or in vitro 

(lymphocyte transformation tests or ELISpot assay) has confirmed the presence of drug-specific T-

cell reactivity to multiple drugs in the context of DRESS – whether this represents last sensitisation 

is unclear (Peter et al., 2017, Shiohara et al., 2012). Thus, there is a major unmet need to identify 

biomarkers and better define the different phenotypes of rechallenge reactions in the context of 

SCAR and in particular DRESS.   

In this small cohort, there were three DRESS patients and one SJS/TEN patient that had positive 

drug challenge reactions to two or more structurally unrelated drugs, while 10 DRESS and two 

SJS/TEN patients only had a positive reaction to a single drug. Patient 15 is one HIV-infected 

SCAR case with multiple reactions and demonstrates the complexity of positive drug reactions in 

the acute DRESS period. Upon developing first skin symptoms and discontinuation of all treatment, 

the patient was put on a backbone regimen of MXF, ETA and TRZ prior to SDC. On SDC the 

patient had isoniazid positive rechallenge reaction with symptoms including headache, abdominal 

pain, vomiting blood, fever, deranged LFTs and temperature spike - clinically distinct from the 

admission reaction, but the drug was treated through successfully. Thereafter, MXF and ETA were 

erroneously omitted for 2 days, and when the patient was restarted on the drugs, they developed a 

transient reaction (abdominal pain, temperature spike and tender palms). Furthermore, in vivo 

ELISpot assay (done in the first six weeks post DRESS) showed a positive result for all four 

FLTDs, including rifampicin that was tolerated on drug rechallenge.  Interestingly, our data 

suggests that HIV-infected patients reacting to multiple medications tended to have more dermal 

infiltration of CD4 T cells. This was noted in both DRESS and SJS/TEN phenotypes. Similarly, 

we noted a trend towards an increase in other inflammatory T cells (CD3, CD8 and CD45RO) as 

well as regulatory T-cell infiltrates amongst the multiple compared to single drug reactors. A larger 

sample size is required to validate these preliminary observations, but it interesting to consider 
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possible explanations. Could this imply a stochastic relationship whereby the magnitude of the 

initial T-cell response to an offending drug creates a larger pool from where even a small group of 

non-specifically activated T-cells may produce clinical reactivity to a different drug or create a 

greater opportunity for neosensitisations (Zgolli et al., 2021). In this context it is also worth noting 

that we saw a trend amongst HIV-uninfected patients between Treg dermal infiltrate and DRESS 

BSA, suggesting that Treg infiltrates may be linked to DRESS severity. Of course, there may be 

several other factors at play including the activation status of T-cells as well as alteration in the 

inflammatory milieu e.g., innate immune activation that may provide important second signals 

necessary to cross thresholds of T-cell activation. To our knowledge there is no other reported data 

in literature examining T cell infiltrates in the skin amongst single and multiple drug reactors, and 

more research is required to better detail their immunohistological phenotypes, as this may confirm 

these initial findings, and given the wide use of skin biopsy/histology could provide a relatively 

easily accessible risk stratification tool to guide drug introduction in the post DRESS period.   

No difference in dermal Tregs between HIV-infected compared to uninfected DRESS 

Tregs play a crucial role in regulating immune homeostasis and inflammation, through suppression 

of effector T-cells at sites of inflammation, and in a simplistic model are thereby thought to limit 

disease mediated by effector T-cells (Belkaid and Rouse, 2005). Skin infiltration of T-regs has been 

studied across several inflammatory skin diseases including atopic dermatitis, psoriasis, systemic 

lupus erythematous and cutaneous adverse drug reactions (Lin et al., 2011, Mehta et al., 2021, 

Keijsers et al., 2013, Fujimura et al., 2008, Biswas et al., 2021, Schmidt et al., 2017, Teraki and 

Shiohara, 2003, Morito et al., 2014). Surface staining markers to identify Treg cell infiltrates have 

included: CD4, CD25, FOXP3 and or other markers such as Helios (Matavele Chissumba et al., 

2022, Biswas et al., 2021, Mehta et al., 2021, Mizutani et al., 2020, Snelgrove et al., 2019, Speiser 

et al., 2019, Rossi et al., 2018, Gorman et al., 2018, Schmidt et al., 2017, Keijsers et al., 2013, 

Fujimura et al., 2008); but it is worth noting that functionality of Treg populations with similar 

surface markers can be different, meaning caution is required in direct extrapolation from number 

to function (Lin et al., 2011).  

Treg studies from SCAR are limited but increases in circulating and dermal skin infiltrating Tregs 

in the acute phase of DRESS has been reported, with a positive correlation between dermal Treg 

numbers with days from rash onset found in one study (Morito et al., 2014). Takahashi et al, in a 

study of 11 TEN patients noted depletion of circulating Tregs in the acute phase of TEN patients, 

hypothesising that the low frequency may relate to severe epidermal damage and Treg trafficking 

into skin in an attempt to control immune-mediated damage (Takahashi et al., 2009). The increase 

of skin infiltrating Tregs across inflammatory diseases, including with SCAR suggests most likely 
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that Treg infiltrations follow effector T cell responses in a homeostatic manner. This is supported 

by data from Mizukawa et al. that investigated epidermal damage in evolving FDE lesions, by 

analysing FDE skin lesions induced by causative drug rechallenge (Mizukawa et al., 2008). They 

reported that FOXP3+ Tregs were detected predominantly in the vicinity of CD8+ T cells after 

rechallenging with the causative drug, but not in resting lesions before drug rechallenge. This 

indicated that Treg infiltration, likely with a homeostatic suppressor function of activated effector 

CD8+ T cells, follows drug-induced T cell activation (Mizukawa et al., 2008). Mouse data has 

examined Treg migration into uninflamed and inflamed skin and demonstrated that molecular 

mechanisms controlling intraepidermal Treg migration, particularly integrin binding and 

intracellular signalling pathways, differ considerably depending on the phase of the inflammatory 

response (Norman et al., 2021). Additional mice data examining the behaviour of Tregs following 

their arrest on the endothelial surface demonstrated that adhesion and transmigration of Tregs in 

dermal microvasculature can be driven by different molecular mechanisms at different stages of an 

antigen driven inflammatory response (Snelgrove et al., 2019). Furthermore, Chow et al. 

characterized the actions of peripheral Tregs under resting conditions and during T cell-driven 

inflammatory response, and showed that tissue-resident Tregs are immotile in the resting state, 

whereas following innate or adaptive induced inflammation, an increased proportion of Tregs 

actively migrated throughout the dermis (Chow et al., 2013).  

In persons living with HIV, the architecture of circulating immune cells is dysregulated (Van de 

Wijer et al., 2021). HIV-related immune dysregulation can impact the proportion and phenotype of 

Tregs, although the relationship is complex with several modulating factors; peripheral blood Treg 

numbers being shown to vary depending on the particular HIV population studies, as well as the 

way Tregs were characterized (Presicce et al., 2011). Treg frequencies in circulation vary according 

to the stage of HIV disease, antiretroviral therapy, and the direct effect from APCs 

activation/maturation states. A study by Chen et al. showed that the percentage of CD4+CD25+ 

Tregs amongst HIV-infected/AIDS patients was only increased in the late stage of disease (Chen 

et al., 2021). Similarly, Presicce et al. revealed increased proportions of circulating 

CD3+CD4+FOXP3+ Tregs but reduced absolute numbers in patients with chronic HIV infection 

(Presicce et al., 2011). Politou et al. also revealed that CD4+CD25+FOXP3+ Treg cell counts were 

shown to be significantly higher in HIV-infected patients with high viral load and patients with 

virological failure to ART (Politou et al., 2020). In patients with chronic or late-stage HIV disease, 

increased Treg frequencies have been associated with decreased proportions of CD8+ T cells  

(Matavele Chissumba et al., 2022, van Eekeren et al., 2022, Van de Wijer et al., 2021), while a 

negative correlation with CD4+ T cell counts has been observed (Politou et al., 2020, Liu et al., 

2022) . Combination ART has been shown to contribute to changes in Treg frequencies in people 
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living with HIV. Hu et al. showed that in the short-term after ART initiation, 

CD4+CD25highCD127low Treg counts gradually increased, and further increased with long-term 

ART use (Hu et al., 2022). Nobrega et al. showed that Treg percentages were higher at ART onset 

in patients with CD4 cell counts <200µl at baseline (Nobrega et al., 2016). However, the frequency 

of Tregs is reported to eventually decrease with continued and successful cART use, reaching 

normal levels similar to that of healthy controls (Nobrega et al., 2016, Presicce et al., 2011, Yero 

et al., 2021). In addition, DCs also contribute to alterations in Treg frequencies, with studies 

showing that DCs derived from monocytes of HIV-infected patients, and lymph node DCs from 

untreated HIV-infected patients induced proliferation of T cells and conversion of Tregs 

(Krathwohl et al., 2006, Carbonneil et al., 2004). Furthermore, Stiksrud et al. showed that 

immunological non-responders displayed higher activation of both myeloid and plasmacytoid DCs, 

and this was associated with increased T-cell activation and activated Tregs (Stiksrud et al., 2019). 

In our small cohort, the majority of patients had advanced immune suppression (CD4 < 200 

cells/μl) but over half were established on ART, therefore making it hard to predict Treg 

proportions, numbers, or functional state in the context of a new SCAR.  

This study is the first study to use robust surface markers for Treg cells (CD3, CD4+ and FOXP3) 

to examine skin infiltration of Treg cells in the context of DRESS and SJS/TEN patients with HIV 

infection. Contrary to our initial hypothesis that Tregs could be depleted in the context of advanced 

HIV infection and poorly migrate into skin, we did not note a difference between Tregs density 

amongst HIV-infected or uninfected DRESS or SJS/TEN patients. In fact, there was a trend to an 

increased number of Treg cells in HIV-infected DRESS patients, which may reach statistical 

significance with an increased sample size. We explored and did not find any obvious impact of 

confounders such as demographic and clinical characteristics to account for differences in dermal 

Tregs between HIV-infected and uninfected cases; we particularly examined any impact on the 

number of days between the onset of clinical symptoms to skin biopsy, the BSA of skin rash, and 

eosinophils counts or LFTs. To our knowledge, there is no reported data in literature on Tregs in 

circulation or at the site of disease (skin) in the context of HIV-infected DRESS or SJS/TEN, with 

the majority of Treg data limited to peripheral blood and not in the context of SCAR. However, it 

may be that the continued immune activation in both HIV, TB, and DRESS drive expansion of 

Treg populations, and that this may be occurring in both peripheral blood and the site of disease. 

Mouse data suggest that exposure of hapten to naïve mice can induce an increase in the proportion 

of migratory Tregs demonstrating that innate signals can induce Treg migration (Chow et al., 2013). 

Thus, it could be that in HIV-infected patients under skin inflammatory conditions, with innate and 

antigen-specific adaptive stimuli drive an increase of Tregs in the context of HIV-infected SCAR. 

Further work on a larger sample size is now required to confirm these findings.  



109 

Increased dermal and epidermal Treg infiltration in a case of DRESS with a longer delay 

between symptoms onset to biopsy. 

The above suggested factors driving an increased Treg infiltration into skin in the context of HIV 

and ongoing antigenic stimulation is supported by patient 105, a definite DRESS case sampled 71 

days after the onset of clinical symptoms. This patient presented with a profound increased dermal 

infiltration of CD4+ and Treg T cells when compared to all of the other SCAR patients in the cohort 

sampled in the acute phase of disease (1 to 20 days from the onset of clinical symptoms). There 

was also an increased infiltration of effector CD8+ and memory CD45RO+ T cells in both dermal 

and epidermal compartments. The patient’s disease progression timeline in Figure 3-32 reveals that 

despite the patient presenting with ongoing clinical symptoms suggestive of a drug reaction, there 

was continued attempts by the treating clinicians to treat through the grumbling reaction, and thus 

the patient had prolonged drug exposure prior to biopsy and after the development of the initial 

symptoms/DRESS. Thus, it is reasonable to propose that this ongoing drug exposure continued to 

drive infiltration of effector and memory T cells in the skin, and simultaneously Tregs infiltration. 

Although simplistic, the relative dominant Treg infiltration, extreme in comparison to the other 

DRESS cases, may have led to a somewhat abrogated clinical phenotype in this patient and meant 

that the clinicians felt it reasonable to try and treat through the reaction. A differential impact of 

topical steroid therapy may also have played a factor in explaining this picture.  

5. LIMITATIONS OF STUDY 

The major limitation of this study was the small sample size, particularly for HIV-infected and 

uninfected SJS/TEN cases, as well as matching HIV-uninfected FLTD SCAR. In many cases this 

meant the inability to draw substantiative conclusions or compare groups e.g., SJS/TEN. Case 

accumulation is ongoing beyond this thesis where we hope to be able to confirm many of these 

preliminary findings with larger study numbers. The inability to rechallenge some patients (i.e., in 

the event of death) limited our ability for complete validation of some cases as single or multiple 

drug reactors. Therefore, in the analysis for single versus multiple reactors, some cases were 

classified as ‘undetermined’ and were not able to be included in the comparative analysis. All of 

these findings warrant further investigation with a larger sample size in order to deduce robust 

conclusions, however case accumulation across the span of this thesis was negatively impacted by 

the COVID19 pandemic.    

The study design did not allow possible follow-up biopsy sampling on patients to be able to 

compare the immunohistological profiles at different stages of disease progression (i.e., acute 

versus recovery phase). This longitudinal repeat biopsy data would be useful to strengthen some of 
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the observations, particular around T-regulatory cell changes across the post DRESS period. 

Sampling timeframes were based on clinical time-points and not strictly specified; therefore, some 

laboratory results i.e., HIV viral loads or CD4 counts were unavailable to match with the timing of 

skin biopsy sampling. Thus, the lack of correlation between some of these values and skin biopsy 

findings may have been impacted.  

Experimental variables such as tissue fixation, concentration of fixatives or duration of tissue 

fixation could not be directly controlled in this study, as this was done within the context of routine 

pathological services. It has been reported that under/over fixation of specimens and use of tissue 

preservatives other than formalin may impact antigen retrieval (Yaziji and Barry, 2006). We feel 

that the technical aspects of this study were well performed, and that these factors, although noted 

as possible limitations, were unlikely to have significantly contributed to failure or false negative 

results of immunohistochemical staining.  

6. FUTURE WORK 

The accumulation of additional cases is the first and ongoing work to be completed. Thereafter, we 

plan to broaden the immune cell focus to investigate the role of skin TRM cells, as well as tissue 

macrophages and DCs.  There still remains several research gaps around the role of specific subsets 

of T-cells mediating disease e.g., central TCM or TRM effector memory or both. Further analysis 

would be valuable, more especially to understand the role and function of TRM cells in the context 

of HIV-infection and disease progression itself, and then in HIV-infected patients who develop 

SCAR.  

Single-cell RNA sequencing (scRNA-seq) and spatial transcriptomic techniques have been 

successfully applied to characterize immune and non-immune cell populations in inflammatory and 

hypersensitivity skin disorders including SCAR, helping identify transcriptomic changes at the site-

of-disease which include identifying key pathogenic T-cell populations, overexpressed genes and 

altered cellular pathways; all of which can provide increased resolution to understanding complex 

immunopathology. At present, there is neither a transcriptomic atlas of normal skin in persons 

living with HIV in sub-Saharan Africa, nor in HIV-infected patient who develop SCAR making 

the ability to interpret scRNA-seq data in these populations a major challenge. Mapping the spatial 

or single cell transcriptomic atlas of HIV-infected and uninfected normal skin in FLTD drug 

tolerant patients will give more insight on the immune cell and gene expression profiles of normal 

skin in the context of HIV infection at different levels of advancing immunosuppression and during 

the immune reconstitution associated with ART. Comparing this normal skin transcriptomic atlas 

with that of HIV-infected and uninfected patients with FLTD-induced SCAR will help characterize 
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disease causing cell populations and further supplement the nature and local distribution of 

transcriptomic changes observed in diseased skin. 

7. CONCLUSION  

Although uncommon, SCARs remain a major clinical challenge for TB HIV co-infected patients. 

HIV infection is associated with increased risk of skin disorders including SCARs, and HIV-

induced immune dysregulation is consistently thought to play a role in triggering onset of these 

conditions, yet this remains poorly understood. This novel study uncovered some excellent 

preliminary findings to guide further study. HIV-infected and uninfected SCAR was associated 

with an increased infiltration of cytotoxic CD8+ T-cells compared to normal skin, displaying their 

role as key mediators of tissue damage. CD4+ T-cells were decreased in HIV-infected SCAR 

patients, in line with the known HIV-related peripheral circulation decline in CD4 cell counts. 

Interestingly, this data suggests that higher dermal infiltrates of CD4 T-cells were associated with 

an increased risk for reactivity to multiple unrelated medications within the post drug rechallenge 

period. Lastly, the finding of higher dermal Tregs in HIV-infected DRESS was unexpected and the 

functional significance of this requires further research to understand the role, if any, that these 

cells play in the observed lower-than expected mortality in HIV-infected SCAR patients.  
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8.  APPENDIX 

 

Table A-1: Secondary antibodies 

 

 

Panel Secondary 

Antibody 

Supplier Dilution 

in PBS 

Incubation 

time (mins) 

Emission 

wavelength 

Excitation 

wavelength 

STANDARD 

IHC 

EnVision+ HRP 

Anti-rabbit 

(K4003) 

DAKO Neat 30 mins - 

 

- 

EnVision+ HRP 

Anti-mouse 

(K4001) 

DAKO Neat 30 mins - - 

TREG ASSAY Anti-rat Alexa 

488 

UCT Imaging 

Facility 

1:250 1 hour 494nm 517nm 

Anti-mouse Cy3 UCT Imaging 

Facility 

1:1000 1 hour 555nm 569nm 

Anti-rabbit 

Alexa 674 

UCT Imaging 

Facility 

1:500 1 hour 594nm 633nm 

DAPI UCT Imaging 

Facility 

1:5000 10 mins 345nm 475nm 
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Table A-2: Histopathology of skin lesions of HIV-infected DRESS and SJS/TEN cases 

Case Age/Sex Validated 

phenotype 

(RegiSCAR Score) 

Clinical description of skin rash at baseline Biopsy a Histology 

15 26/F Probable DRESS (5) 30% BSA skin rash, exanthema 8 Basketweave hyperkeratosis, spongiosis, focal lichenoid dermatitis with basal 

vacuolar degeneration, pigmentary incontinence in the dermis and an 

inflammatory infiltrate of lymphocytes and eosinophils 

31 22/F Definite DRESS (6) 60% BSA skin rash involving the eyes, lip, 

and oral mucosa, exanthema, erythema,  

5 Hyperkeratosis, mild spongiosis, apoptotic keratinocytes, focal interface 

dermatitis with lymphocytic exocytosis and associated pigmentary 

incontinence, dermal perivascular infiltration of lymphocytes, eosinophils, 

and plasma cells. 

38 30/F Definite DRESS (7) 80% BSA skin rash, exanthema, peeling 

(desquamation), and erythema,  

5 Moderate spongiosis and intraepidermal oedema, intraepidermal vesicle 

formation, dermal perivascular infiltrate of lymphocytes and eosinophils 

41 45/M Definite DRESS (6) 80% BSA skin rash, erythema, itching, 

facial oedema, liver involvement 

11 Mild spongiosis and apoptotic keratinocytes, widespread interface dermatitis 

with basal vacuolization, perivascular infiltrate of lymphocytes and 

eosinophils 

46 38/F Possible DRESS (2) 75% BSA skin rash involving oral and 

genital mucosa, exanthema 

23 Hyperkeratosis, irregular acanthosis, mild spongiosis, and apoptotic 

keratinocytes, widespread interface dermatitis with lymphocytic and 

eosinophilic dermal infiltrate, pigmentary incontinence 

71 26/F Definite DRESS (7) 65% BSA skin rash, exanthema, and 

erythema 

4 Epidermal spongiosis and apoptotic keratinocytes, focal interface dermatitis 

with basal vacuolar degeneration, dermal perivascular infiltrate of 

lymphocytes and eosinophils 

85 41/F Definite DRESS (6) 55% BSA skin rash, exanthema, and 

erythema 

7 Basketweave hyperkeratosis, spongiosis, widespread interface dermatitis with 

basal vacuolar degeneration, perivascular lymphocytic infiltrate with no 

eosinophils, dermal oedema, and pigmentary incontinence 
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100 30/F Possible DRESS (3) 65% BSA skin rash involving the lip and 

oral mucosa, peeling (desquamation), 

erosions, erythema  

5 Hyperkeratosis, epidermal spongiosis and apoptotic keratinocytes, basal 

vacuolar degeneration, perivascular lymphocytic infiltrate with plasma cells 

and scattered eosinophils, neutrophil margination  

103 45/F Probable DRESS (5) 40% BSA skin rash involving the scalp, 

erythema, itching, peeling (desquamation) 

5 Parakeratosis and hyperkeratosis, epidermal irregular acanthosis and 

apoptotic keratinocytes, focal interface dermatitis, perivascular lymphocytic 

infiltrate with plasma cells and scattered eosinophils 

104 47/F Definite DRESS (7) 70% BSA skin rash involving the scalp, lips, 

oral and nasal mucosa, erythema 

9 Basketweave hyperkeratosis, spongiosis and apoptotic keratinocytes, 

lichenoid dermatitis comprising of lymphocytes and eosinophils and plasma 

cells, pigmentary incontinence 

105 35/M Definite DRESS (7) 80% BSA skin rash involving the eye, lip, 

oral and nasal mucosa, itching, burning, 

peeling (desquamation) 

73 Parakeratosis and hyperkeratosis, irregular acanthosis, spongiosis, apoptotic 

keratinocytes, widespread interface dermatitis with basal vacuolization, 

lymphocyte and eosinophil infiltration, pigmentary incontinence 

111 39/F Possible DRESS (3) 80% BSA skin rash involving oral mucosa, 

erythema, itching peeling (desquamation) 

22 Parakeratosis, spongiosis, apoptotic keratinocytes, focal interface dermatitis 

with basal vacuolization, perivascular infiltration of lymphocytes and 

eosinophils 

137 45/M Definite DRESS (6) 65% BSA skin rash involving the nails, lips, 

oral and nasal mucosa, erythema, peeling 

(desquamation), erosions 

9 Parakeratosis, spongiosis, apoptotic keratinocytes, focal interface dermatitis 

with basal vacuolization, lymphocyte, and eosinophil infiltration 

139 54/F Probable DRESS (5)  60% BSA skin rash involving the scalp, 

erythema 

23 Hyperkeratosis, apoptotic keratinocytes, focal interface dermatitis, 

lymphocyte and eosinophil infiltration, pigmentary incontinence 

167 41/M Probable DRESS (4) 20% BSA skin rash, erythema, infiltration,  14 Parakeratosis, spongiosis, apoptotic keratinocytes, focal interface dermatitis, 

lymphocytic inflammation with plasma cells and eosinophil infiltration 

24 40/F Probable SJS/TEN 

(2) 

30% BSA skin rash, epidermal necrosis 19 Basketweave orthokeratosis and hyperkeratosis, irregular acanthosis, necrotic 

keratinocytes, perivascular lymphocytic infiltration with plasma cells and a 

few eosinophils, pigmentary incontinence 
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39 68/M Probable SJS/TEN 

(2) 

10-15% BSA skin rash, epidermal necrosis, 

stripping (skin detachment) 

7 Spongiosis, mild perivascular lymphocytic infiltration with plasma cells and 

no eosinophils, pigmentary incontinence 

45 40/F Definite TEN (3) 80% BSA skin rash, epidermal necrosis, 

stripping (skin detachment), erythema, 

macules 

11 Basketweave hyperkeratosis and orthokeratosis, spongiosis, interstitial 

oedema, perivascular lymphocytic infiltration, pigmentary incontinence  

52 30/M Definite TEN (3) 60% BSA skin rash with eye, lip, oral, nasal 

and genital mucosa involvement, epidermal 

necrosis, Nikolsky sign, stripping (skin 

detachment) 

4 Hyperkeratosis and parakeratosis, apoptotic keratinocytes, focal interface 

dermatitis with basal vacuolar degeneration, lichenoid dermatitis with 

lymphocytes, plasma cells and some eosinophils, dermal oedema, and 

pigmentary incontinence 

83 49/F Possible TEN (1) 80% BSA skin rash involving oral and nasal 

mucosa, Nikolsky sign, stripping (skin 

detachment) 

4 Full thickness epidermal necrosis, Lymphocytic exocytosis, perivascular 

infiltration of lymphocytes and some eosinophils, pigmentary incontinence 

99 27/F Definite TEN (3) 50% BSA, skin rash involving the scalp, lip, 

nasal, oral, and genital mucosa, facial 

oedema, stripping (skin detachment), 

epidermal necrosis. 

5 Parakeratosis, spongiosis, epidermal blister, necrotic keratinocytes, basal 

vacuolization, lymphocyte infiltration with some eosinophils, pigmentary 

incontinence 

a Days from onset of symptoms to biopsy 
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Table A-3: Histopathology of skin lesions of HIV-uninfected DRESS and SJS/TEN cases 

Patient Age/Sex Validated Phenotype 

(RegiSCAR Score) 

Clinical description of skin rash at 

baseline 

Biopsy a Histology 

97 15/M Definite DRESS (6) 40% BSA, pustules and erythema 3 Spongiosis, focal interface dermatitis, perivascular infiltration of 

mixed inflammatory components: lymphocytes, eosinophils, plasma 

cells and neutrophils, pigmentary incontinence 

102* 57/F Definite DRESS (6) 90% BSA skin rash involving the scalp, lips, 

oral, nasal, and genital mucosa, peeling 

(desquamation), erythema 

17 - 

136 52/F Probable DRESS (5) 40% BSA skin rash involving the eyes, 

erythema 

3 Hyperkeratosis, spongiosis, focal interface dermatitis with basal 

vacuolar degeneration and lymphocytic exocytosis, perivascular 

lymphocytic infiltration with eosinophils, pigmentary incontinence 

145 15/F Probable DRESS (5) 40% BSA skin rash involving the oral 

mucosa, erythema 

6 Apoptotic keratinocytes, focal interface dermatitis with basal 

vacuolization, focal lichenoid dermatitis and perivascular infiltrate of 

lymphocytes and eosinophils 

147 46/M Definite DRESS (7) 40% BSA skin rash, erythema, facial 

oedema, purpura 

8 Parakeratosis, spongiosis, focal interface dermatitis with lymphocytic 

exocytosis, perivascular infiltration of mixed inflammatory 

components: lymphocytes, eosinophils, plasma cells, pigmentary 

incontinence 

28 33/F Probable SJS/TEN (2) 18% BSA skin rash, epidermal necrosis, 

erythema 

4 Parakeratosis and hyperkeratosis, subcorneal blister containing 

necrotic keratinocytes, apoptotic keratinocytes, perivascular 

lymphocytic infiltration, pigmentary incontinence 

*No histological analysis done 

a Days from onset of symptoms to biopsy 
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Figure A-1: Disease progression timeline of patient 15. A 27-year-old HIV-positive female with pulmonary TB. The patient was started on rifafour and Odimune prior to 

developing first skin symptoms. They also presented with deranged LFTs, and skin biopsy diagnosis revealed an interface dermatitis with eosinophils. They were put on 

backboned treatment and were rechallenged to INH ad RIF. They had a positive reaction to INH but was treated through. Moxifloxacin and ethionamide were erroneously 

omitted for two days, and when the patient was restarted on treatment, they developed symptoms. The patient was later discharged on RIF, INH and Terizidone. Odimune was 

restarted and tolerated, and dapsone was started. 
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Figure A-2: Disease progression timeline of patient 24. A 41-year-old HIV positive female with pulmonary TB. They were started on rifafour and developed new skin symptoms 

39 days later. They presented with deranged LFTs, and skin biopsy diagnosis showed features of post inflammatory pigment alteration. They were put on a backbone and 

rechallenged to all four drugs.  The patient had a positive reaction to rifampicin and treatment was stopped. IFN-γ ELISpot assay also showed positivity to rifampicin.  
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Figure A-3: Disease progression timeline of patient 28. A 33-year-old HIV negative female with pulmonary TB. She was started on rifafour 12 days before developing first 

skin symptoms. She presented with deranged LFTs, and skin biopsy diagnosis revealed featured of post inflammatory hyperpigmentation with subcorneal blisters. She was put 

on a backbone regimen and was rechallenged to all four drugs. She had a positive reaction to all drugs and treatment was stopped. IFN-γ ELISpot assay showed positivity to 

all four drugs. 
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Figure A-4: Disease progression timeline of patient 38. A 32-year-old HIV positive female on ART and with pulmonary TB. She was started on rifafour 24 days before 

developing first skin symptoms. She presented with deranged LFTs and eosinophilia, and skin biopsy diagnosis revealed a spongiotic dermatitis with eosinophils. She was put 

on a backbone regimen and rechallenged to all four drugs. She tolerated all drugs and was later discharged.  
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Figure A-5: Disease progression timeline of patient 97. An 18-year-old male with a history of penicillin allergy. He was phenytoin following PVA and developed first skin 

symptoms 6 days later. He presented with deranged LFTs and eosinophilia, and skin biopsy diagnosis revealed a superficial perivascular dermatitis. Patient later developed 

fulminant liver failure. 
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Figure A-6: Disease progression timeline of patient 102. A 58-year-old psychiatric patient with a history of seizures. She was put on phenytoin 23 days before developing first 

skin symptoms. She presented with deranged LFTs and eosinophilia. She was put on an increased dosage of risperidone and was later discharged. 
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Table A-4: Association between dermal CD4+ and Treg densities and clinical/demographic characteristics in HIV-infected and uninfected DRESS 

patients. 

 

    

 

 

 

 

 

 

 

 

 

 

 

a HIV viral loads were log transformed to permit the use of a linear model. Using Bonferroni correction, P-values ≤ 0.005 were considered significant. 

 

Independent variable 

 

Dependent variable R2 (coefficient, p value) 

HIV-infected DRESS (n=14) HIV-uninfected DRESS (n=5) 

 Dermal CD4 Dermal Tregs  Dermal CD4 Dermal Tregs 

Age 0.256 (-0.506, 0.065) 0.402 (-0.634, 0.015) 0.304 (-0.551, 0.336) 0.494 (0.703, 0.189) 

Days (symptoms to onset)  0.00 (-0.016, 0.957) 0.028 (-0.168, 0.567) 0.141 (-0.375, 0.534) 0.869, (0.932, 0.021) 

Serum CD4 count 0.039 (0.191, 0.514) 0.05 (0.223, 0.444) - - 

Log Viral load a 0.143 (-0.379, 0.315) 0.136 (-0.368, 0.33) - - 

Eosinophils  0.223 (-0.472, 0.089) 0.06 (-0.244, 0.401) 0.163 (-0.403, 0.501) 0.945 (0.972, 0.006) 

Liver enzymes: AST 0.095 (0.308, 0.284) 0.258 (0.508, 0.064) 0.071 (-0.267, 0.664) 0.465 (0.682, 0.205) 

                          ALP 0.00 (0.006, 0.983) 0.011 (-0.104, 0.723) 0.037 (-0.192, 0.757) 0.314 (-0.560, 0.326) 

                          ALT 0.289 (0.538, 0.047) 0.441 (0.664, 0.01) 0.006 (-0.081, 0.897) 0.018 (-0.133, 0.831) 

                          GGT 0.031 (0.176, 0.547) 0.013 (0.112, 0.715) 0.146 (-0.382, 0.525) 0.304 (0.552, 0.335) 

Body surface area of rash 0.00 (-0.02, 0.946)  0.00 (-0.018, 0.951) 0.046 (-0.215, 0.729) 0.909, (0.954, 0.012) 

RegiSCAR Severity Score  0.013 (-0.114, 0.697) 0.019 (0.139, 0.636) 0.051 (0.227, 0.714) 0.138 (-0.371, 0.538) 
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Table A-5: Association between dermal CD4+ and Treg densities and clinical/demographic characteristics in HIV-infected and uninfected SCAR 

(DRESS + SJS/TEN) patients. 

                               

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Using Bonferroni correction, P-values ≤ 0.005 were considered significant, recorded in bold. 

Independent variable 

 

Dependent variable R2 (coefficient, p value) 

HIV-infected SCAR (n=20) HIV-uninfected SCAR (n=6) 

 Dermal CD4 Dermal Tregs  Dermal CD4 Dermal Tregs 

Age 0.180 (-0.424, 0.062) 0.396 (-0.629, 0.003) 0.163 (-0.404, 0.427) 0.513 (0.716, 0.109) 

Days (symptoms to onset)  0.001 (-0.027, 0.910) 0.042 (-0.206, 0.385) 0.046 (-0.215, 0.683) 0.869 (0.932, 0.007) 

Serum CD4 count 0.065 (0.255, 0.278) 0.068 (0.261, 0.267) - - 

Log Viral load  0.043 (-0.207, 0.460) 0.026 (-0.162, 0.564) - - 

Eosinophils  0.114 (-0.338, 0.145) 0.025 (-0.158, 0.507) 0.018 (-0.135, 0.799) 0.878 (0.937, 0.006) 

Liver enzymes: AST 0.010 (0.102, 0.667) 0.002 (-0.044, 0.855) 0.135 (-0.367, 0.474) 0.334 (0.578, 0.230) 

                          ALP 0.00 (-0.018, 0.939) 0.015 (0.122, 0.609) 0.00 (0.017, 0.974) 0.185 (-0.431, 0.394) 

                          ALT 0.044 (0.209, 0.375) 0.007 (0.081, 0.735) 0.127 (-0.296, 0.488) 0.048 (-0.220, 0.676) 

                          GGT 0.001 (0.037, 0.877) 0.009 (-0.093, 0.698) 0.018 (-0.134, 0.800) 0.323 (0.568, 0.239) 

Body surface area of rash 0.00 (-0.009, 0.969) 0.01 (0.10, 0.674) 0.005 (0.074, 0.889) 0.781 (0.884, 0.02) 

RegiSCAR Severity Score  0.012 (0.110, 0.645) 0.055 (0.234, 0.321) 0.228 (0.478, 0.338) 0.103 (0.320, 0.536) 
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