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Introduction 
Drug hypersensitivity reactions (DHR) account for approximately 

15% of all adverse drug reactions [1], can be life threatening, require 
or prolong the period of hospitalization and entail changes in drug 
prescription [2]. DHR represent an important problem because they 
may cause significant morbidity, mortality and high costs for public 
health systems [3]. 

Drug allergy is defined by the World Allergy Organization as an 
immunologically mediated reaction that occurs after re-exposure to the 
offending drug, through mechanisms mediated or not by IgE [4] that 
may provoke recurrence upon re-exposure to the drug [5]. The clinical 

picture of drug hypersensitivity is very heterogeneous and of variable 
severity [5]. Although hypersensitivity can affect many organ systems, 
the most common target is the skin [6]. 

A conclusive laboratory diagnosis of drug allergy that confirms the 
clinical symptoms and identifies its causative agent still remains a major 
challenge in daily clinical practice [7]. Skin tests, such as patch, prick 
and intradermal tests (IDT) may present low sensitivity in patients 
with a clear history of DHR [5,7]. Although provocation oral tests are 
considered to be the gold standard in drug allergy, sometimes they are 
not well accepted by physicians and patients due to the risk of causing 
severe reactions [1,8]. 
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Abstract
Background: Diagnosis of drug allergy is difficult because few methods have been validated in the literature. 

In the last few years, identification of T cell activation markers to assess drug allergy has been the focus of several 
studies. 

Objective: The aim of the present work was to search for CD25 and CD69 markers on T CD4+ and T CD8+ 
cells in drug allergy. 

Methods: Fourteen patients with drug hypersensitivity were enrolled in this investigation. Some patients had 
at least one adverse reaction to one or more suspected drugs, therefore, a total of 16 reactions and 10 drugs were 
investigated. Prick or patch tests were done according with the time of onset and type of the clinical manifestations. 
In vitro studies were performed by incubating peripheral blood mononuclear cells from patients and controls with 
different concentrations of the suspicious drugs for 72 hours. The samples were stained with fluorochrome- labelled 
monoclonal antibodies against CD69, CD25, CD4 and CD8 molecules and analyzed by flow cytometry. 

Results: Statistical differences were found at medium and high drug concentrations for the CD4+CD69+ marker 
(p ≤ 0.05), at the lowest drug concentration for the CD4+CD25+ and CD8+CD69+ markers (p ≤ 0.05) and at the 
highest drug concentration for the CD8+CD25+ marker (p<0.01) when samples from patients were compared to 
controls. One or both the markers were upregulated in 3 patients who presented positive results in prick test. 

Four out of six patients who presented positive patch test showed upregulation of one or both the activation 
markers. For instance, a patient who suffered from pruritus after thediclofenac and ASA ingestion showed a positive 
prick test for both drugs and presented upregulation of CD69 on CD4+ cells. Another patient who had presented 
contact dermatitis to rifamycin showed upregulation of CD69 on CD4+ cells, and CD25 on CD4+ and CD8+ cells.

Conclusion: Our data reinforce the use of CD69 and CD25 on both CD4+ and CD8+ T cells in order to 
investigate drug allergy. 
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Difficulties in DHR diagnosis also reside in variables such as the 
time period between drug exposure and reaction and the type of 
clinical manifestations observed in affected patients. 

The lymphoproliferative test is widely used in diagnosis of 
immediate or non- immediate reactions. Nevertheless, it imposes 
technical problems, requires incorporation of radioactive substances 
and is time-consuming [9]. 

Because in many instances DHR affect the skin, the most common 
finding is composed mainly of activated T cells expressing activation 
markers such as CD69, IL-2R (CD25) and HLA-DR, and the skin-
homing receptor cutaneous lymphocyte antigen in both CD4 and CD8 
T cells with a predominance of one of them depending on the clinical 
manifestation [5,10]. 

The aim of the present work was to search for CD25 and CD69 
markers on T CD4+ and T CD8+ cells in drug allergy. 

Materials and Methods 
Fourteen patients with drug hypersensitivity attending the 

Dermatology Outpatient Clinic at the Hospital Universitário Walter 
Cantídio, Fortaleza, Brazil, were enrolled in this investigation. Some 
patients had at least one adverse reaction to one or more suspected 
drugs, therefore, a total of 16 reactions and 10 drugs were investigated. 
The reactions were considered to be non-immediate reactions once 
they occurred at least 2 hours after the drug administration. Immediate 
reactions occur within 1 hour after drug administration, and non-
immediate reactions occur later [10]. 

Healthy volunteers (n=6) without previous history of drug 
hypersensitivity were included in the study as controls for in vivo and 
in vitro drug testing. 

Each of the participants of the study signed a written informed 
consent. The project, under code 011.03.08, was approved by the 
Ethics Committee in Research, Hospital Universitário Walter Cantídio, 
Federal University of Ceará, Brazil.

Drug skin testing included prick and patch tests and were applied 
according to standardized protocols established by the European 
Society of Contact Dermatitis Workshop [11]. 

Prick tests were performed on the forearm using the commercial 
form of the drugs. Reactions were considered positive when a wheal 
with a diameter 3 mm greater than that observed for the negative 
control (0.9% saline) was present 20 minutes after exposure to the drug. 

Epicutaneous patch tests were performed on the patients’ back 
using the commercial form of the drug or, whenever available, the pure 
substance. Tablets and capsule contents were evaluated at 10% and 30% 
in petrolatum. The results of patch testing were interpreted according to 
the International Contact Dermatitis Research Group [12] as negative, 
doubtful or positive after 48 hours, 72 hours and one week. 

Peripheral blood mononuclear cells (PBMC) were cultured as 
described by Pichler and Tilch [13] with some modifications. Briefly, 
PBMC were obtained from heparinized peripheral blood by gradient 
centrifugation over Ficoll-Hypaque solution (SIGMA-ALDRICH, 
3050 Spruce, St Louis, MO, USA). Concentrations of 1×106 cells/mL in 
antibiotic-free RPMI 1640 (LGC BIOTECNOLOGIA, Rua Passadena, 
Sao Paulo, Brazil) supplemented with sodium bicarbonate (2 g/L), 
l-glutamine (2.05 mM) and 10% heat- inactivated AB-pooled serum, 

were cultured with various drug concentrations in 24-well round-
bottom plates (TPP, CH-8219 Trasadingen, Schweiz, Switzerland) for 
72 hours at 37°C and 5% CO2 (tests were run in duplicate). PBMC 
incubated with 2.0 µg/mL phytohemagglutinin were considered as 
positive controls and those incubated with culture medium as negative 
controls. Pooled AB serum was obtained from healthy blood bank 
donors. 

Before testing, drugs were dissolved in phosphate-buffered saline 
(PBS, LGC BIOTECNOLOGIA, Sao Paulo, Brazil) and adjusted to 
three different concentrations according to the procedures described 
by Martin et al. [7] and Pichler and Tilch [13]. Acetylsalicylic acid, 
diclofenac, rifamycin, phenytoin, paracetamol, sulfasalazine and 
betamethasone were previously dissolved in dimethyl sulphoxide, 0.1 
M. The drugs were obtained from SIGMA-ALDRICH, St Louis, MO, 
USA, except for captopril (INCQS/FIOCRUZ, Av. Brasil, 4365, Rio de 
Janeiro Brazil) and etanercept (WYETH PHARMACEUTICALS Inc, 
Philadelphia, PA 19101, USA). The following concentrations were 
used: 1, 10 and 100 µg/mL for paracetamol, dipyrone, diclofenac and 
betamethasone; 1, 10 and 50 µg/mL for phenytoin, rifamycin and 
sulfasalazine. Acetylsalicylic acid was tested at 10, 100 and 200 µg/mL, 
and captopril at 1, 10 and 100 µg/mL. Etanercept was tested at 1, 10 and 
100 µg/mL. Phytohemagglutinin (SIGMA-ALDRICH, St Louis, MO, 
USA) at 2.0 µg/mL was used as a positive control in the assays.

Expression of CD69 and CD25 on T CD4+ and CD8+ cells was 
assessed by flow cytometry (FACSCalibur, BD BIOSCIENCES, 2350 
Qume Drive, San Jose, CA 95131, USA) with fluorochrome-labelled 
anti-human monoclonal antibodies PE-CD69, APC-CD25, FITC-CD4 
and PerCP-CD8 (BD BIOSCIENCES, San Jose, CA, USA). The results 
were expressed as normalized mean fluorescence intensities (NMFI), 
which were calculated by multiplying the percentage of CD69+ or 
CD25+ positive cells by the mean fluorescence intensity of the markers, 
according to Beeler et al. [14]. Gating on lymphocytes was based on 
their forward and side scatter parameters, with an aquisition of 10,000 
events colleted. Activation antigen expression was determined by setting 
quadrants using tube without antibodies and Fluorescence minus One 
(FMO). Analysis was performed using the FlowJo program. Stimulation 
indexes (SI) were calculated by the following formula: NMFI of the 
culture medium (CM) containing a certain drug concentration divided 
by NMFI of the CM without the drug. The result was considered to be 
positive when the SI was equal to or above 2.0, as proposed by Pichler 
and Tilch [13] and Beeler et al. [14]. 

Stimulation indexes of CD69 or CD25 in PBMC from drug 
allergic-patients were compared with those from controls by the Mann-
Whitney non-parametric test for each drug concentration; a p-value 
less than 0.05 was considered statistically significant. The software used 
for statistical analysis was GraphPad Instat, version 3.10 (LaJolla, CA, 
USA). 

Results 

Each patient enrolled in the study presented a well-documented 
history of drug adverse reaction, symptoms of non-immediate 
reactions and a clear temporal correlation between drug exposure 
and symptoms. Drug allergy was classified according to the Naranjo 
adverse drug reactions probability scale [15]. Although NSAIDs are 
frequently related to non- allergic reactions, the possibility of a true 
IgE-mediated drug allergy cannot be excluded. For this reason, patients 
who presented clinical manifestations to NSAIDS were also included 
in the study. 
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Table 1 presents data from the drug-allergic patients regarding 
clinical manifestations, culprit drugs, skin test, and the Naranjo Adverse 
Drug Reactions Probability. The prick test was positive in three cases 
due to acetylsalicylic acid and in one case due to diclofenac. The patch 
test was positive in one case of contact dermatitis caused by rifamycin 
and in one case of Stevens-Johnson syndrome caused by phenytoin. 

Results were also positive in one case of DRESS, one case of lichenoid 
eruption and in two cases of photoallergic reaction due to captopril 
and ASA. The causality of drug adverse reaction was considered to be 
definitive in 3 cases and probable in 14. 

The period between drug allergy manifestations and in vitro testing 
varied from 1 to 41 months. Drug-allergic patients were evaluated 
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Figure 1: Stimulation index (Log2SI) for CD69 and CD25 markers on T CD4+ and T CD8+ lymphocytes in drug-allergic patients (PT) and in healthy individuals (CT) after 

72 hours incubation with low, medium or high drug concentrations.

Id Age
(years) Clinical manifestations Culprit drug Prick test Patch test Score Naranjo Category

Pruritus ASA Positive n.d. 6 Probable
1 72 Pruritus DIC Positive n.d. 6 Probable
3 49 Angioedema ASA Positive n.d. 10 Definitive
4 61 Angioedema ASA Positive n.d. 10 Definitive
8 72 Contact dermatitis RIF n.d. Positive 10 Definitive
9 56 Erytroderma DIC n.d. Negative 5 Probable

10 65 MPE BET n.d. Negative 6 Probable
11 78 Photoallergic reaction ASA n.d. Positive 7 Probable
12 79 Photoallergic reaction CAP n.d. Positive 7 Probable
13 23 FDE PAR n.d. Negative 6 Probable
14 86 DRESS CAP n.d. Positive 6 Probable
15 53 AGEP ETN n.d. Negative 7 Probable
16 50 Lichenoid eruption DIP or DIC n.d. Negative 6 Probable
17 74 Lichenoid eruption CAP n.d. Positive 6 Probable
19 49 SJS SSZ n.d. Negative 7 Probable
20 64 SJS PHE n.d. Positive 7 Probable

Abbrevaitions: ASA: Acetylsalicylic acid, DIC: Diclofenac, DIP: Dipyrone, PAR: Paracetamol, CAP: Captopril, BET: Betamethasone, PHE: Phenytoin, RIF: Rifamycin, 

SSZ: Sulfasalazine, ETN: Etanercept, AGEP: Acute Generalized Exanthematous Pustulosis, DRESS: Drug Rash with Eosinophilia and Systemic Symptoms, FDE: Fixed 

Drug Eruption, SJS: Stevens-Johnson syndrome, MPE: Maculopapular exanthema, n.d.: not done..

Table 1: Patient’s characteristics: Clinical manifestations, age of the patients, culprit drugs, positivity of skin tests and scores of the Naranjo adverse drug reactions 

probability scale.
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for CD69 and CD25 upregulation on T CD4+ and T CD8+ cells 
after cell incubation with three different drug concentrations. First, 
the stimulation indexes of activation markers on CD4+ and CD8+ 
lymphocytes from drug- allergic patients (PT) were compared with 
those from healthy individuals (CT), irrespective of the suspected drug 
(Figure 1). Statistical differences were found at medium and high drug 
concentrations for the CD4+CD69+ marker (p ≤ 0.05), at the lowest 
drug concentration for the CD4+CD25+ and CD8+CD69+ markers 
(p ≤ 0.05) and at the highest drug concentration for the CD8 + CD25 
+ marker (p<0.01), when samples from patients were compared to 
controls. 

One or both the markers were upregulated in 3 patients who had 
positive results in prick test. Four out of six patients who presented 
positive patch test showed upregulation of one or both the activation 
markers. An upregulation of CD25 on CD8+ T cells (Figure 2) was 
found in one case of DRESS (patient #14), Steven-Johnson syndrome 
(#20), fixed drug eruption (#13) an in one case of photoallergic contact 
dermatitis (#12). The patient #1 who suffered from pruritus after the 
diclofenac and ASA ingestion showed a positive prick test for both 
drugs and presented upregulation of CD69 on CD4+ cells. The patient 
#8 showed upregulation of CD69 on CD4+ cells, and CD25 on CD4+ 
and CD8+ cells. He suffered from contact dermatitis to rifamycin and 
presented positive patch test to the culprit drug. The 200 patient #16 
suffered from liquenoid eruption, presented negative patch test results 
but showed upregulation of CD69 on CD4+ cells when PBMC were 
tested with diclofenac and upregulation of both CD69 on CD4+ cells 
and CD25 on CD8+ cells when PBMC were tested with dipyrone. 

Discussion 
In vivo tests as the epicutaneous tests are used as the first line 

of investigation in non-immediate reactions, including fixed drug 
eruption, contact dermatitis, erythroderma (exfoliative dermatitis), 
maculopapular exanthema, lichenoid eruption, acute generalized 

exanthematous pustulosis and drug rash with eosinophilia and 
systemic symptoms. Some researchers have suggested that intradermal 
tests with immediate and delayed readings should be included in the 
investigation of delayed hypersensitivity to drugs [16]. Considering our 
patients, the intradermal tests might be useful in cases when the patch 
tests were negative, as in erythroderma, lichenoid and maculopapular 
drug eruptions. 

In the case of drug fixed eruption, it is often suggested that the patch 
test be performed on the residual pigmented skin site of the reaction 
[16]. In our study, the test was performed on the patient’s back and the 
result was negative. The patient did not permit the test to be performed 
at the same place of the reaction. 

In cases of SJS, the IDT is not recommended due to the possibility 
of reproducing the reactions. The patch test has a weak sensitivity 
in those circumstances and few cases of positive results have been 
reported. Wolkenstein et al. [17] found 2 out of 22 cases of SJS/TEN 
with positive results. Others have reported positivity for carbamazepine 
[18] and phenytoin [19]. In our study, patch test was positive in a patient 
who presented SJS due to phenytoin but was negative in a patient who 
suffered from SJS caused by sulfasalazine. 

Although it is expected a good sensitivity of patch test in AGEP 
[16], the result was negative. At the time of the testing, the patient was 
using another anti-TNF drug what could partially explain the negative 
results. According to Wee et al. [20], a significant positivity of patch 
tests can be found even in patients under use of systemic corticosteroids 
and cytokine inhibitors such as adalimumab, etanercept and infliximab. 
In respect to the subject of 12 performing patch test with anti-TNF, it 
is accepted by some authors [21] and questioned by others [22]. The 
major concern is related to the fact that this type of biological agent has 
high molecular weight (>500 Da), which could reduce its penetration of 
skin. The results of in vivo tests can vary substantially depending on the 
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Figure 2: Drug-allergic patients presenting stimulation index (SI) of CD69 and CD25 on CD4+ and CD8+ T cells above 2 after incubation of the peripheral blood 

mononuclear cells with different concentrations (µg/mL) of the suspected drug.
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period of drug sensitization, which may decrease over time [16]. That 
means that negative results do not exclude drug allergy. 

In vitro tests are not commonly performed during the acute phase 
of the reactions because the cells are strongly activated and can result 
in high background proliferation. In general, the shortest interval 
recommended for doing in vitro tests is at least three weeks after the 
clinical manifestations [5]. For lymphoproliferative assays, Pichler and 
Tilch [13] observed that the test could be performed 10 to 20 years 
after the drug reaction. CD69 upregulation on CD4+ and CD8+ T cells 
in patients at intervals of 2 months to 12 years after the adverse drug 
reactions has been demonstrated [14]. In our study, we have analyzed 
patients who had presented the clinical manifestations 1 to 41 months 
before testing. 

Different activation markers such as CD25 (IL-2R), CD69, CD71 
and HLA-DR are known to be expressed on the surface of T cells after 
stimulation [5,10]. 

Beeler et al. [14] demonstrated the usefulness of identifying CD69 
upregulation on T cells in maculopapular exanthema, Steven Johnson 
syndrome, DRESS, AGEP. We also found its upregulation in one case 
of contact dermatitis, in one case of FDE, in two cases of pruritus, one 
case of angioedema,  two cases of liquenoid eruption, and in one case 
of erythroderma. 

Miki-Hosokawa et al. [23], using a mouse model of allergic 
asthma, demonstrated that antigen-induced airway inflammation 
and hyperresponsiveness were highly associated to CD69-dependent 
migration of Th2 cells into the asthmatic lung. The authors mention 
that CD69 was also associated with Th1-induced airway inflammation. 

Longo et al. [24] observed that CD69, CD25 and HLA-DR 
expressions were increased in two patients who had presented IgE-
mediated allergy to clavulanic acid but had showed negative skin test 
results. They found an increase in the expression of CD69 within 4 hours 
of culture and that CD25 and HLA-DR were upregulated within 24-48 
hours of culture. Torres et al. [10] had observed an increase of CD69 
after the 3rd day of the reaction on both TCD4 and TCD8 positive cells, 
and a significant increase of CD25, cutaneous-lymphocyte antigen and 
HLA-DR after the 15th day of the reaction on CD4 cells in skin biopsies 
from patients with allergy to iodine contrast media. The values were 
unchanged in CD8 cells. 

Nishio et al. [25] observed that no CD69 was expressed on ex-vivo 
peripheral blood mononuclear cells (onset to recovery) in patients with 
maculopapular exanthema, SJS and in drug-induced hypersensitivity 
syndrome. The CD25 marker, instead, was increased on both CD4+ and 
CD8+ T cells. They also demonstrated that these cells were activated 
once they did not present CTLA-4. 

We have found upregulation of CD8+CD25+ T cells in 7 out of 
17 samples (41.1%) and of CD4+CD25+ T cells in 2 out of 7 samples 
(11.7%). We did not evaluate if CD4+CD25+ and CD8+CD25+ cells 
were regulatory T cells. The regulatory cell population is determined 
by the expression of CTLA-4 and X linked forkhead/winged helix 
transcription factor (FoxP3) [26]. CD8+ T cells may also participate 
in regulatory function. They may active regulate inflammation and 
they differ from the citotoxic population because they do not express 
CD28 and may express CD38. Eusebio et al. [27] had observed higher 
frequencies CD8+CD25+FoxP3- T cells in patients with asthma and 
that they were correlated with asthma severity. 

Finally, our data reinforce the use of CD69 and CD25 on both 
CD4+ and CD8+ T cells in order to investigate drug allergy. 
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