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Abst rac t
Medications can cause many adverse reactions, both non-immunologic and immunologic ones. Allergies can take 
many forms, allergic reactions include all types of reactions according to Gell and Coombs. Typically, allergic reactions 
to drugs are manifested by skin lesions such as maculopapular rash or urticaria and life-threatening systemic reac-
tions such as anaphylaxis. Allergy to drugs is diagnosed based on medical history and a number of specific tests: skin 
tests, blood tests. In diagnosing the causes of anaphylaxis, the basophil activation test is used to exclude false nega-
tive and false positive results of skin tests and specific IgE levels. Allergic reactions to medications usually resolve 
themselves after discontinuation of the drug. Sometimes in the treatment anti-allergic drugs are used to inhibit the 
development of skin lesions. After observing any signs of drug allergy it is important to accurately diagnose the cause, 
since the subsequent exposure to the drug may lead to a strong anaphylactic reaction and consequently death.
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Introduction

All data on the incidence of adverse drug reactions 
are estimated because they do not monitor exactly this 
phenomenon. It is estimated that adverse effects of 
drugs are the cause of about 5% of hospital admissions 
and occur in 10–20% of hospitalized patients [1, 2]. Drug 
hypersensitivity reactions are most common in patients 
over 50 years of age and 63–70% of patients suspected 
of having an allergic reaction to the drugs are women 
[3]. Allergic reactions induced by drugs are frequently ob-
served in 20–80% of patients with HIV and about 30% of 
cystic fibrosis patients [4].

Frequently observed allergic reactions are especially 
to β-lactam antibiotics [5, 6]. It is estimated that IgE-
mediated allergy to antibiotics is present in 2–3% of the 
general population [7], and 5% of the population have 
allergic reactions to penicillin and other β-lactam [8, 9]. 
Skin symptoms, including acute urticaria are frequently 
observed in patients treated with amoxicillin and ampi-

cillin [10]. Systemic anaphylactic reactions are quite rare, 
and occur on average, from 0.004% to 0.015% of the 
cases, and about 10% of them are fatal [11].

There is a growing trend to prescribing antibiotic 
treatments. Analyzing the consumption of antibiotics in 
European countries, the defined daily dose (DDD) of an 
antibiotic or DDD per 1000 inhabitants per day is used. 
The results of the statistical analyses indicate that the 
highest consumption of antibiotics occurs in the coun-
tries of southern and eastern Europe [12–14]. Frequent 
antibiotic treatment is a major factor leading to the de-
velopment of microorganisms’ resistance to antibiotics. 
In Greece, where one of the highest rates of DDD is ob-
served, also the highest rate of bacterial resistance to 
antibiotics is observed [15].

Many researchers have shown an association be-
tween antibiotic use in children and disorders of the im-
mune system and the occurrence of atopic diseases. One 
of many large cohort studies showed that exposure of 
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the fetus to maternal use of antibiotics increases the risk 
of asthma and eczema in children [16, 17]. Other studies 
have shown that the use of antibiotics in infants in the 
first months of life predisposes to the development of 
asthma and allergies in children aged 6–7 years [18, 19].

Diversity of allergic reactions caused by drugs

Adverse reactions to drugs can be divided into non-
immunologic and immunologic reactions. Unrelated to 
the functioning of the immune system, the reactions of 
intolerance, pseudoallergy, and idiosyncrasy are usually 
caused by non-steroidal anti-inflammatory drugs, radio-
logical contrast agents, opiates, and local anesthetics. Al-
lergic reactions are more unpredictable and the immune 
system plays an important role in their pathogenesis [20].

Allergic reactions to drugs can manifest as organ or 
systemic reactions. Examples of systemic allergic reactions 
are anaphylaxis, serum sickness, various types of rash with 
eosinophilia and systemic symptoms (DRESS, drug rash 
with eosinophilia and systemic symptoms) [20, 21].

Frequent and prolonged use of the drug, its inad-
equate cleaning or content of additives and preserva-
tives favor the development of drug allergy. In patients 
with atopy, no instances of a higher incidence of aller-
gic reactions to drugs were observed, but the course of 
an anaphylactic reaction is considerably heavier than in 
non-atopic individuals [5, 6]. Anaphylaxis reactions most 
commonly are observed after administration of: aspirin, 
non-steroidal anti-inflammatory agents, intravenous con-
trast agents and β-lactam antibiotics [20].

Allergies to drugs can take many forms as these reac-
tions include all types of reactions according to Gell and 
Coombs (Table 1), while the worst are immediate reac-
tions involving IgE antibodies [22].

Drugs as allergens

Macromolecular substances such as hormones, 
enzymes or sera are most allergenic. Only a few drugs 
(formulations of proteins, peptides) are complete aller-
gens. Most drugs are small molecule substances, which 
naturally reduces their ability to induce an immune re-
sponse. Such particles often have the ability to connect 
to proteins purchasing immunogenic properties. These 
particles then form haptens. More often metabolites of 
the drug are reactive, and referred to as a pro-hapten 

[7, 23]. Examples of complete antigens are insulin and 
other hormones, sera, and vaccines. Other haptens are 
β-lactam antibiotics, and among prohaptens: sulfon-
amides, phenacetin, and phenytoin [23]. 

β-Lactam antibiotics: the most common 
allergens among drugs

Most symptoms of allergies are produced by β-lactam 
antibiotics. Bactericidal action of these antibiotics in-
volves the inhibition of bacterial cell wall synthesis. This 
action is based on the inhibition of transpeptidase, an 
enzyme necessary for the synthesis of peptidoglycan 
(murein), which is the basic component of the bacterial 
cell wall. Opening peptidoglycan strands during cell di-
vision leads to the bacteriolysis, which means that the 
β-lactam antibiotics kill cells only during division. The 
antibiotics of this group do not show bactericidal activ-
ity against bacteria devoid of cell wall such as the ge-
nus Mycoplasma or intracellularly growing Legionella, or 
Chlamydia [24].

β-Lactam antibiotics include: penicillins, cephalo-
sporins, carbapenems and monobactams. According to 
numerous studies, this group is the most commonly pre-
scribed antibiotics in medicine. This is due to the wide 
range, high efficiency and safety of use, despite inducing 
allergy in about 5–10% of patients treated [24].

Allergic reactions caused by β-lactam antibiotics bind 
to their chemical structure. The source of haptens is an 
unstable β-lactam ring to which proteins bind to form 
penicilloyl epitopes (called “major determinant”) respon-
sible for the allergy to penicillin. Another source of al-
lergens is pro-haptens – penicillin breakdown products 
such as penicilloic acid, penicilloate, penilloate. Clinical 
studies show that this determinant is less likely to be re-
sponsible for anaphylaxis reactions. Penicilloyl and non-
penicilloyl determinants are responsible for IgE-mediated 
allergies and for the occurrence of cross-reactions of vari-
ous penicillins. In contrast, side chains of β-lactam rings 
are responsible for IgE-independent allergies, and cross-
reactions to β-lactam antibiotics [23, 25].

In the case of allergy to β-lactam antibiotics, cross-
reactions to penicillin, ampicillin and amoxicillin were 
often observed. Often the skin tests do not confirm the 
allergy to the antibiotic, even though the patient has 
symptoms after administration. Patients with reactions 
observed immediately after administration of amoxicillin 

Table 1. Symptoms of allergies to medicines according to Gell and Coombs [20, 22]

Gell and Coombs  
reaction type

Time to onset of response Examples of symptoms

I Up to 10–30 min Anaphylactic shock, asthmatic attack, angioedema, some urticaria

II After 50 min, but usually after 3 days Erythema after penicillin, hemolytic anemia

III After 3–5 days Some urticaria, drug fever, vasculitis, hepatitis

IV After 7 days Contact dermatitis
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were characterized by a high risk of hypersensitivity to 
penicillin and ampicillin [26].

Despite numerous adverse effects associated with 
the use of β-lactam antibiotics, it is still a group of anti-
biotics eagerly used to treat bacterial infections.

Symptoms of allergy to drugs

Skin symptoms of drug allergy may be caused by 
almost all of the drugs administered by the oral route 
[27, 28], but also applied to the skin such as formulations 
containing salicylic acid [29], macrolides [30] and many 
other active ingredients [31]. One of the most frequently 
observed drug-induced changes is allergic maculopapu-
lar rash. It is estimated that this rash comprises about 
75% of all allergic reactions caused by drugs [10]. The 
symptoms of maculopapular rash may occur after taking 
almost any medication, even in the distant time of ap-
plication. The clinical picture often resembles measles or 
rubella [32–34]. Rash symptoms take the form of a num-
ber of spots, papules and erythema, often arranged sym-
metrically on the skin. Maculopapular rash is most com-
monly observed in the vicinity of the trunk and limbs, 
and the appearance is often accompanied by a high fe-
ver, eosinophilia and severe itching [32, 35]. Rashes tend 
to spread and infiltration. Changes disappear several 
days after discontinuation of the drug, and this is accom-
panied by extensive exfoliation of the epidermis, which 
may leave discolorations on the skin [31, 36]. The drugs 
that cause the symptoms of rashes include non-steroidal 
anti-inflammatory drugs, ACE inhibitors, β-blockers, bar-
biturates [7, 37, 38] and antibiotics used in the course of 
respiratory infections [31, 36].

The most serious form of pustules described in re-
cent years is acute generalized exanthematous pustulo-
sis (AGEP) [37]. Its symptoms are generalized erythema 
for several hours after administration [39, 40], and skin 
changes are associated with fever. Changes localize ini-
tially on the face, and then also on the trunk and limbs. 
Generalized pustular rash is quite a rare disease associ-
ated with the presence of antigens HLA-B51, HLA-DR11 
and HLA-D9 [41]. Its symptoms usually appear after tak-
ing antibiotics (β-lactam antibiotics, tetracyclines, mac-
rolides) or other drugs, e.g. furosemide or non-steroidal 
anti-inflammatory drugs [40, 41].

Another common skin reaction is drug-induced urti-
caria. Only in 10% of cases, it has an allergic background, 
and most often it is caused by penicillins or sulfonamides 
[11]. Urticaria may be accompanied by systemic allergic 
anaphylaxis or serum sickness [37]. Pseudoallergic urti-
caria occurs most frequently after administration of as-
pirin (acetylsalicylic acid), contrast agents, non-steroidal 
anti-inflammatory drugs and the symptoms are the 
same as in the case of allergic urticaria [11]. A symptom 
of the disease is urticaria with accompanying pruritus. 
Symptoms usually appear within 36 h of taking the drug, 

although after the re- administration of the drug, symp-
toms may appear after a few minutes. Symptoms of urti-
caria usually disappear quickly – after several hours [39].

The clinical picture of cutaneous drug reactions is 
characterized by considerable polymorphism. Various 
drugs can cause similar or identical lesions, and the same 
drugs cause complications with a different clinical picture 
[41]. Drug-induced skin lesions are usually mild, and the 
symptoms disappear spontaneously after discontinuation 
of the drug. Severe skin lesions include: skin necrosis, epi-
dermolysis bullosa, swelling of the face or tongue and the 
co-appearance of systemic symptoms [20, 27].

Systemic reactions are usually manifested by the 
anaphylactic reaction. It is the most dangerous drug-in-
duced reaction developing within a few minutes after the 
repeated administration of the drug [34], and rarely after 
the first dose [42]. Symptoms of anaphylactic reaction 
can include lower blood pressure, tachycardia, chest pain, 
and seizures. These symptoms may be accompanied by 
other symptoms such as abdominal pain, bronchospasm, 
and even cardio-respiratory failure [7]. Sometimes an 
anaphylactic reaction is also accompanied by cutane-
ous erythema or edema [40]. Anaphylaxis symptoms are 
most commonly caused by antibiotics – penicillins, non-
steroidal anti-inflammatory drugs, ACE inhibitors, radio-
graphic contrast agents, and muscle relaxants [1, 39, 40, 
42]. In the United States, 75% of all anaphylactic shock 
cases are caused by penicillin [1].

Diagnosis of drug allergy

Diagnosis of drug allergy is quite complicated and 
usually begins with an extensive medical history. The 
interview should be completed with all the necessary 
detailed tests such as: complete blood count with eosin-
ophilia, the concentration of IgG, IgM, and the concentra-
tion of circulating immune complexes (CIC). In the case of 
diagnosis of allergic IgE-dependent reactions, determina-
tion of s-IgE levels is needed. Also often patch and intra-
dermal skin tests are used [2, 43]. In accordance with the 
European Network for Drug Allergy (ENDA) recommen-
dations, diagnosis of allergy to drugs is based on tests 
done in the correct order: patch tests, intradermal tests, 
determining the levels of IgE specific antibodies directed 
against specific drugs and the provocation tests [44]. Skin 
tests are usually carried out when diagnosing delayed re-
actions to amoxicillin, erythromycin, fluoroquinolones, 
rifampicin, and vancomycin. These tests are particularly 
useful in the diagnosis of maculopapular rash, and acute 
generalized exanthematous rash (AGEP) [45].

The basophil activation test (BAT) is increasingly used 
in the diagnosis of anaphylactic reactions to drugs [46], 
which is based on the determination of surface baso-
phil markers expression: CD63 and CD203c, after stimu-
lation of antigen-specific allergen using the cytometric 
flow method. Basophils are easy to be stimulated and 
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identified by flow cytometry, and therefore can serve 
as indicators of IgE-sensitization [47]. Flow cytometry 
method allows for simultaneous analysis of several drug 
allergies while only a small amount of blood is needed. It 
is a highly sensitive and specific method, and tests per-
formed using the method of activation of basophils is 
fine in the diagnosis of obscure situations when there are 
discrepancies between the results of skin tests and spe-
cific IgE tests [48]. The basophil activation test is used in 
the diagnosis of allergy reaction to β-lactam antibiotics 
[49], non-steroidal anti-inflammatory drugs, and in the 
case of rare allergy to cyclosporine [50], heparin [51], and 
hyaluronidase [52].

Treatment of drug allergy

Treatment of drug allergy mainly consists of discon-
tinuation of the suspected drug. In some cases, a typical 
anti-allergic or immunomodulatory treatment is needed 
to inhibit skin lesions or systemic reactions [53].

There are situations in which the patient requires 
drug therapy, to which he is allergic. In such cases, the 
patient can undergo desensitization. Desensitization to 
penicillin is the most frequent in cases of bacterial en-
docarditis, meningitis or syphilis of the central nervous 
system [20]. However, such a person is still considered 
to be allergic to the antibiotic. Desensitization is also 
used if one is allergic to cephalosporins, co-trimoxazole, 
metronidazole, streptomycin, vancomycin and fluoroqui-
nolones [53].

Summary

Medications can cause many adverse reactions, both 
allergic and non-allergic, ranging from mild to severe skin 
reactions or systemic reactions. Diagnosis of allergy to 
drugs includes skin tests, IgE levels against specific ac-
tive substances of drugs and basophil activation test for 
the diagnosis of anaphylaxis. Allergy treatment is usually 
based on the immediate cessation of the drug, and in 
some cases desensitization. To prevent exacerbation and 
relapse of severe allergic reactions and damage to health 
or even death in the case of anaphylaxis it is important 
to accurately diagnose patients with suspected allergy 
to drugs.
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