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Signs, and Diagnostic Approaches: A Critical Review
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Purpose: This review focuses on antibiotic hypersensitivity, 
a clinically relevant issue owing to potentially severe adverse 
reactions. This review describes the classification, mechanisms of 
occurrence, and clinical manifestations of antibiotic hypersensitivity, 
and the diagnostic approaches. The aim was to provide recommen-
dations for effectively treating reactions to antibiotics.

Methods: Publications, meta-analyses, and clinical cases related to 
antibiotic hypersensitivity were reviewed. Four types of antibiotic 
hypersensitivity were identified according to the Gell and Coombs 
classification.

Results: Type I [immunoglobin E (IgE)-mediated] antibiotic hyper-
sensitivity manifests as anaphylaxis, urticaria, and bronchospasms. 
Type II (antibodies) causes cellular damage, resulting in thrombocy-
topenia or anemia. Type III antibiotic reactions are caused by 
immune complexes that induce inflammation. Type IV (T cells) is 
characterized by skin rashes or systemic symptoms. Pseudoallergies 
mimic allergic reactions without immune mechanisms and were sep-
arately considered. Accurate differential diagnosis is crucial in iden-
tifying true immune-mediated hypersensitivity reactions, which 
differ from pseudoallergic conditions, to avoid misdiagnosis and 
minimize patient risks associated with improper treatment or not 
administering necessary antibiotics. A detailed analysis of the mech-
anisms and clinical manifestations of antibiotic hypersensitivity al-
lows the hypersensitivity type to be determined. Classical 
immunological reactions and reactions that mimic allergy but are 
not immune-mediated should be considered in diagnosis.

Conclusions: A comprehensive approach for diagnosing antibiotic 
hypersensitivity is required, which should include obtaining a thor-
ough history, using modern laboratory methods (eg, skin, specific 
antibody, or basophil activation tests), and differentially analyzing 
clinical symptoms. Mimetic conditions, such as pseudoanaphylaxis 
or other pseudoallergic reactions that require different therapeutic 
approaches, must be considered as diagnoses in these cases.

Key Words: allergic reactions, immunological processes, anaphy-
laxis, intolerance, rashes, histamine dependence, cell-mediated reac-
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INTRODUCTION
The development of antibiotics was a major break-

through in treating bacterial infections and has radically 
altered the patient outcomes for many infectious diseases. 
These drugs are used to treat a wide range of pathologies from 
minor respiratory infections to severe life-threatening condi-
tions, such as sepsis or bacterial meningitis. However, antibi-
otic effectiveness is severely limited in certain cases due to 
hypersensitivity reactions in some patients. Such reactions 
range from mild clinical manifestations such as skin rashes 
or itching to severe systemic complications, such as anaphy-
laxis, a life-threatening acute reaction that affects multiple 
organs and systems. Antibiotic hypersensitivity is a major 
clinical challenge. The timely detection of antibiotic hyper-
sensitivity and accurate differentiation from other side effects 
are critical for preventing possible complications and choos-
ing alternative therapies.

Diagnosing antibiotic allergy requires a more standard-
ized approach, as misdiagnosis can lead to the unjustified 
exclusion of effective drugs from a patient’s treatment arse-
nal. 1 A comprehensive approach must be adopted for diagno-
sis, including a detailed history; skin tests; and, if necessary, 
controlled provocative tests. This approach reduces the risk of 
false positives and avoids unnecessary restrictions on the 
therapy available for patients with suspected allergies. The 
use of test kits must also be standardized for the diagnosis 
of penicillin allergy, including the introduction of specific 
skin tests as a key tool for verifying hypersensitivity. 1 Such 
approaches substantially reduce the risks associated with anti-
biotic use, such as the occurrence of adverse systemic reac-
tions, and ensure patient safety, even if a patient has a history
of allergies. 

Zubchenko et al 2 studied drug hypersensitivity reac-
tions through analyzing the anamnestic, clinical, and labora-
tory data of patients, emphasizing the importance of obtaining 
a thorough medical history to determine the likelihood of 
drug hypersensitivity reactions. The authors outlined the 
key laboratory parameters that can be used to verify the diag-
nosis of antibiotic hypersensitivity, as immune-mediated re-
actions and nonimmune mechanisms that mimic 
hypersensitivity must be differentiated. The study findings 
indicate the feasibility of using an integrated approach, 
including clinical analyses and laboratory tests, to effectively
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identify true cases of drug allergy. In addition, the authors 
emphasized the need to develop individualized diagnostic 
algorithms using combination of anamnestic, clinical, and 
laboratory characteristics to ensure the maximum safety and 
efficacy of therapy.

Antibiotic hypersensitivity is categorized into immune-
mediated and nonimmune reactions. It was former classified 
into 4 main types according to the Gell and Coombs system. 
Type I includes immediate reactions mediated by immuno-
globin E (IgE) antibodies, which activate and degranulate 
mast cells, leading to the release of histamine, leukotrienes, 
and other inflammatory mediators. These processes in severe 
cases can cause urticaria, bronchospasm, and anaphylactic 
shock. Castells et al 3 described this mechanism in detail, 
emphasizing the importance of accurately detecting IgE-
mediated reactions to ensure that anaphylaxis is quickly trea-
ted, which can be life-threatening. Type II hypersensitivity, 
also known as antibody-dependent cytotoxicity, is caused by 
the binding of antibodies to antigens on the cell surface, 
which causes cytotoxic reactions through activating comple-
ment or effector cells. This activation can lead to thrombocy-
topenia, neutropenia, or hemolytic anemia. 4 Type III 
hypersensitivity involves the formation of immune complexes 
that are deposited in blood vessels and tissues, which activate 
the complement system and induce inflammatory processes, 
such as vasculitis. Type IV reactions are mediated by T cells, 
with a wide range of manifestations, such as contact derma-
titis, skin rashes, erythema, and serious systemic reactions. 
T-cell reactions can occur several days or even weeks after 
taking an antibiotic, which requires a comprehensive 
approach to diagnosis. 5 Each type of hypersensitivity in-
volves unique immunological mechanisms that determine 
the nature of the clinical manifestations, and these mecha-
nisms must be studied for developing effective diagnostic 
and therapeutic strategies.

Immediate and delayed antibiotic hypersensitivity re-
actions is an important aspect of clinical immunology studies 
because these reactions can have serious clinical consequen-
ces for patients, especially when not quickly detected or are 
misdiagnosed. 6 Immediate reactions usually occur within the 
first hour of antibiotic administration and are associated with 
IgE-mediated mechanisms. These reactions occur as a result 
of the activation of specific IgE antibodies that bind to the 
receptors on mast cells and basophils, leading to the degran-
ulation of these cells and the release of inflammatory media-
tors such as histamine, leukotrienes, and cytokines. These 
mediators are responsible for the typical symptoms of ana-
phylaxis, including bronchospasms, tissue swelling, low 
blood pressure, and shock. Antibiotics belonging to the 
beta-lactam class are the main triggers of such immediate 
reactions. 7 These immediate reactions can be life-
threatening, and rapid diagnosis and treatment are essential 
for patient survival.

Delayed reactions can occur several days or even weeks 
after antibiotic administration, hindering their prompt detec-
tion. Delayed hypersensitivity reactions involve various 
mechanisms, such as the formation of immune complexes 
and T-cell activation. 8 Immune complexes form when anti-
biotics or their metabolites bind to protein molecules in the

body, producing immunogenic structures that are deposited in 
tissues and activate the complement system, which leads to 
inflammatory reactions, such as vasculitis. The type III immu-
nological mechanism is usually associated with manifesta-
tions such as swelling, skin rashes, joint pain, or fever. 
Type IV reactions are mediated by T cells and include a wide 
range of symptoms from skin rashes to serious systemic re-
actions such as Lyell syndrome or toxic epidermal necrolysis 
(TEN). Type IV reactions, especially when severe, result from 
the sensitization of T cells to the antigens formed via the 
binding of antibiotics or their metabolites to tissue protein 
molecules.

Beta-lactam antibiotics are generally the main agents 
causing immediate and delayed hypersensitivity reactions. 9 

In particular, beta-lactams often cause anaphylactic reactions 
associated with IgE-mediated mechanisms and later manifes-
tations such as erythema or eosinophilia, which reflect other 
types of immune reactions. The type of immunological reac-
tion must be accurately identified given the immediate or 
delayed effects of beta-lactam antibiotics to select the appro-
priate treatment strategy. Diagnosing antibiotic hypersensitiv-
ity is a complex and multifaceted process, with symptoms 
ranging from mild to severe. 10 The key element is obtaining 
a thorough medical history that identifies the risk factors for 
allergy development, such as previous drug reactions, other 
allergic diseases, or genetic predispositions. Skin and labora-
tory tests should be performed to confirm diagnosis. 
Provocative tests may be used in some cases when the skin 
test results are insufficient for accurate diagnosis. However, 
these methods involve certain risks, such as severe anaphy-
lactic reaction, and should be performed under close supervi-
sion. Brockow et al 11 described new algorithms that can be 
used to diagnose penicillin allergies, which more quickly 
detect hypersensitivity and are more accurate than traditional 
methods, such as skin tests and analyses, and specific molec-
ular tests used to identify IgE-dependent and other immuno-
logical reactions.

Wang et al 12 retrospectively reviewed amoxicillin 
hypersensitivity cases over a 7-year period, with the results 
helping to improve diagnostic strategies, reduce the likeli-
hood of misdiagnoses, and avoid unnecessary prescriptions 
of antibiotics that can cause side effects. Overall, their find-
ings highlighted the value of using a comprehensive approach 
for diagnosing and treating antibiotic hypersensitivity to 
ensure patient safety and minimize the risk of serious com-
plications. Elst et al 13 examined the effectiveness of clinical 
decision support systems (CDSSs) in hospital emergency de-
partments, where errors in diagnosis and treatment can lead to 
serious consequences when patients need immediate medical 
attention. Pichler et al 14 analyzed how integrating CDSSs into 
emergency departments can help doctors make informed de-
cisions and increase diagnostic accuracy and treatment effi- 
ciency. The system markedly reduced the time required for 
obtaining medical histories and diagnostic tests, especially in 
complex or rare cases, such as allergic reactions to antibiotics. 
The authors used data from previous medical records to 
develop a CDSS, which reduced the number of errors and 
incorrectly prescribed treatments compared with before its 
implementation. Effectively using the CDSS considerably
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increased the quality of medical care in emergency situations, 
which is crucial in managing patients experiencing potentially 
dangerous drug reactions.

This literature review allowed the identification of the 
main challenges in the field of antibiotic hypersensitivity, 
including the lack of a single standardized approach for 
diagnosis, difficulties in identifying nonimmunological reac-
tions, and the need for more personalized treatment ap-
proaches. The discovery of antibiotics revolutionized the 
treatment of bacterial infections, offering effective solutions 
for managing a wide range of conditions from common 
respiratory infections to life-threatening diseases such as sep-
sis and bacterial meningitis. 15 However, the use of antibiotics 
is not without challenges. The occurrence of antibiotic hyper-
sensitivity reactions in some patients is one of the main com-
plications, with symptoms ranging from mild, such as skin 
rashes, to severe and life-threatening, such as anaphylaxis. 
The increasing prevalence of such reactions poses a substan-
tial challenge for health care providers because timely and 
accurate diagnosis is crucial for effectively managing
patients. 

A major issue is the misdiagnosis of antibiotic allergies, 
such as penicillin allergies, which results in the unnecessary 
exclusion of certain antibiotics from a treatment regimen for 
a patient. This often leads to the use of less-effective or broad-
spectrum antibiotics, increasing the risk of antibiotic resis-
tance and complicating treatment. Allergy delabeling is the 
process of reassessing and possibly removing a previously 
diagnosed antibiotic allergy. Allergy delabeling is receiving 
attention as a critical strategy for optimizing treatment op-
tions. However, consensus on standardized diagnostic ap-
proaches is lacking, which prevents true allergic reactions 
and nonimmune system-mediated side effects from being 
differentiated.

These issues underscore the need to develop a com-
prehensive multidisciplinary approach for diagnosing anti-
biotic hypersensitivity. Accurate diagnosis requires not only 
a detailed patient history but also the use of specific 
diagnostic tools, such as skin, laboratory, and provocative 
tests. Moreover, diagnostic algorithms and technologies are 
key to enhancing diagnosis accuracy, particularly in cases of 
penicillin allergy, where the risk of misdiagnosis is high. 
Therefore, the aim in this study was to explore the 
classification, mechanisms, and clinical manifestations of 
antibiotic hypersensitivity, with focus on the challenges 
leading to allergy misdiagnosis and the potential for 
developing more personalized and effective therapeutic 
strategies.

MATERIALS AND METHODS
Data were analyzed from 2019 to 2025 from scientific 

sources covering antibiotic hypersensitivity, including its 
classification, mechanisms, clinical manifestations, and diag-
nostic approaches. The most relevant peer-reviewed publica-
tions, clinical protocols, and other academic sources included 
in this study were published from 2019 until 2025. This cutoff 
point ensured that the findings were based on the most cur-
rent, accessible, and reviewed data available at the time.

Information was collected from peer-reviewed articles, clini-
cal protocols, and reports of international organizations such 
as the World Health Organization, PubMed, Scopus, and Web 
of Science databases. The key queries used for the search 
were “antibiotic hypersensitivity,” “allergic reactions to anti-
biotics,” “Jell and Coombs classification of hypersensitivity,” 
“immune-mediated drug reactions,” and “pseudoallergy and 
antibiotic intolerance.” These queries were connected using 
Boolean operators such as AND and OR to narrow or broaden 
the search. For example, the search term “antibiotic hyper-
sensitivity” AND “allergic reactions to antibiotics” was used 
to focus on publications simultaneously discussing both con-
cepts, whereas “pseudoallergy and antibiotic intolerance” OR 
“immune-mediated drug reactions” was employed to capture 
studies that addressed either of these concepts. The literature 
search specifically focused on identifying studies on the 
molecular and genetic mechanisms underlying antibiotic 
hypersensitivity and evaluating modern diagnostic
approaches. 

The inclusion criteria were articles published between 
2019 and 2025 containing detailed descriptions of the 
mechanisms underlying immunological and nonimmunolog-
ical antibiotic reactions, clinical cases of antibiotic hypersen-
sitivity, and modern diagnostic and therapeutic tools. The full 
criteria are shown in Figure 1. This review included studies 
with clear descriptions of methodology, peer-reviewed vali-
dation, and relevance to the selected topic. Publications with 
an insufficient methodological basis, duplicate data from pre-
vious studies, or studies based on outdated methods were 
excluded. A total of 412 sources met the search queries in 
the first stage. The inclusion and exclusion criteria were 
applied, with 43 studies remaining for inclusion in the anal-
ysis (Fig. 1).

The relevance of the study for this review was 
determined based on whether the mechanisms, clinical 
manifestations, or diagnostic approaches related to antibiotic 
hypersensitivity were directly referenced. The mechanisms 
through which antibiotic hypersensitivity occurs were inves-
tigated through analyzing the literature on immunological 
classifications adapted to the latest scientific data. The main 
focus was type I–IV reactions according to the Gell and 
Coombs classification, and the mechanisms through which 
pseudoallergic reactions occur, which mimic allergic condi-
tions but are not immune-mediated. The main pathophysio-
logical processes of each type of reaction were discussed in 
detail, including the involvement of IgE in type I reactions, 
IgG and IgM antibodies in type II reactions, formation of 
immune complexes in type III reactions, and the role of 
T cells in type IV reactions. Particular attention was paid to 
the relationship between immunological reactions and clinical 
manifestations. Publications highlighting the molecular 
markers of inflammation and immune activation, which help 
explain the complex mechanisms involved in antibiotic 
hypersensitivity, were also analyzed.

The clinical manifestations of antibiotic hypersensitiv-
ity were examined through analyzing reviews and retrospec-
tive studies describing the systematization of skin symptoms 
and systemic reactions. Particular attention was paid to 
stratifying patients according to condition severity and
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reaction mechanisms, which allowed a more accurate capture 
of the clinical manifestations of antibiotic hypersensitivity.

RESULTS AND DISCUSSION

Development and Clinical Aspects of 
Antibiotic Hypersensitivity

The main theoretical aspects of antibiotic hypersensi-
tivity were summarized in detail, including its classification, 
mechanisms of development, clinical manifestations, and 
diagnostic approaches. Antibiotic hypersensitivity is divided 
into 2 broad groups, immediate and delayed reactions, 
according to the time of symptom onset after antibiotic 
administration. Immediate hypersensitivity usually develops 
within the first few minutes or hours after drug administra-
tion, resulting from IgE-mediated reactions. This type of anti-
biotic hypersensitivity includes serious clinical conditions, 
such as anaphylaxis, urticaria, bronchospasm, and angioede-
ma. Anaphylaxis is the most serious manifestation of imme-
diate hypersensitivity and can lead to death without proper 
medical intervention. The release of histamine and other 
inflammatory mediators from mast cells and basophils leads 
to itching, rash, shortness of breath, and swelling, which are 
characteristic of urticaria, bronchospasm, and angioedema. 
These reactions are the result of immune mechanisms, in 
particular, through IgE-mediated reactions that activate mast 
cells and basophils, which release inflammatory mediators 
such as histamine, cytokines, and leukotrienes, leading to 
the development of anaphylactic symptoms. 14

Delayed hypersensitivity develops several days or 
weeks after the exposure to an antibiotic and involves more 
severe clinical forms, such as Stevens–Johnson syndrome 
(SJS), TEN, and drug reactions with eosinophilia and sys-
temic manifestation (DRESS) syndrome. SJS and TEN 
involve severe skin and mucous membrane damage, leading 
to ulcers and erosion of the epidermis and epithelial linings, 
including those of the eyes, oral cavity, and respiratory and 
gastrointestinal tracts. The pathological process can extend to 
internal organs, markedly increasing the mortality rate. 
Amoxicillin can cause a variety of reactions that manifest 
with different timelines, from immediate to delayed symp-
toms, which greatly complicates diagnosis and requires the 
use of special tests to determine sensitivity to antibiotics. 15 

DRESS syndrome is accompanied by serious damage to inter-
nal organs such as the liver, kidneys, and heart and requires 
long-term monitoring and immunosuppressive therapy. 16

Automatic medication error prevention systems, even if 
reviewed by physicians, considerably reduce medication 
errors, underscoring the value of accurate diagnostic ap-
proaches when prescribing antibiotics for patients with 
hypersensitivity. 17 The mechanisms of antibiotic hypersensi-
tivity are classified into immunological and nonimmunolog-
ical mechanisms. Immunological reactions are classified into 
4 main types according to the Gell and Coombs system. Type 
I includes IgE-mediated reactions, which are most often 
observed in immediate allergic reactions. These reactions 
involve the activation of mast cells and basophils, which 
release inflammatory mediators, such as histamine, cytokines, 
and leukotrienes. Anaphylaxis is a common indication of type

FIGURE 1. Flowchart of selecting antibiotic 
hypersensitivity studies for literature review 
(2019–2023).
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I reactions, which results in a rapid decline in blood pressure, 
respiratory distress, and laryngeal edema. Other type I clinical 
manifestations include urticaria and bronchospasm; Baines 
et al also discussed the mechanisms through which skin irri-
tation and contact dermatitis occur. The incorrect diagnosis of 
penicillin allergy in patients’ medical records can lead to 
using expensive alternative antibiotics, which increases treat-
ment costs and delays patient recovery. 18 Addressing incor-
rect diagnoses is critical for improving clinical and economic 
outcomes.

Type II hypersensitivity reactions are antibody-
mediated, where IgG or IgM antibodies bind to antigens on 
cells surface, causing the complement system to activate and 
damage the cells. 19 This process leads to pathologies such as 
hemolytic anemia, in which antibodies attack red blood cells, 
or thrombocytopenia, which decreases the platelet count and 
increases the risk of bleeding. Contact dermatitis is an exam-
ple of an antibody-mediated reaction in which an antigen, 
such as a drug, interacts with skin cells to cause inflammation 
and rash. 20 Type III mechanisms involve immunocomplex 
reactions in which the immune complexes formed in the body 
are deposited in tissues and cause inflammatory reactions, 
leading to vasculitis or glomerulonephritis. Immune com-
plexes can accumulate in various tissues, such as the kidneys 
and joints, causing severe inflammatory processes. 21 The type 
IV reaction is T-cell hypersensitivity, which often manifests 
in delayed reactions such as SJS or TEN because of T-cell 
activation. Various methods are used to diagnose antibiotic 
hypersensitivity, including clinical examinations, medical his-
tory reviews, laboratory tests, and skin tests. Obtaining a thor-
ough medical history is essential for assessing the relationship 
between symptoms and antibiotic use. Skin tests (intradermal 
and prick tests) are performed for detecting IgE-mediated 
reactions. The laboratory methods for diagnosing antibiotic 
hypersensitivity include determining the levels of specific IgE 
antibodies, using ELISA and ImmunoCAP, and basophil acti-
vation testing, which is used for diagnosing immediate aller-
gic reactions. Basophil activation testing is a method for 
assessing IgE-mediated reactions to antibiotics. 22 The lym-
phocyte transformation test is the main method used for de-
tecting T-cell activation for diagnosing delayed-onset 
antibiotic hypersensitivity.

Genetic and Nonimmunological Aspects of 
Antibiotic Hypersensitivity

A number of genetic studies have been conducted to 
identify the associations of antibiotic hypersensitivity with 
certain human leukocyte antigen (HLA) alleles, such as HLA-
B57:01 for abacavir and HLA-B15:02 for carbamazepine, 
which help with predicting the risk of developing allergic 
reactions to certain antibiotics. 23 These associations aid in 
diagnostics, allowing allergy development to be predicted, 
especially in cases where standard methods do not provide 
definitive results. Genetic testing is an additional tool for 
determining predisposition to drug hypersensitivity. 24 

Provocative tests are performed in a hospital setting to con-
firm the diagnosis in complicated cases where other methods 
do not provide definitive results. 25 This deposition induces 
inflammatory processes, as the accumulation of immune

complexes activates white blood cells and the complement 
system. This process can lead to serious clinical manifesta-
tions such as vasculitis and glomerulonephritis. 26 Immune 
complexes can also induce systemic inflammatory processes 
that affect various organs and tissues, increasing the risk of 
serious complications such as acute renal failure.

The nonimmunological mechanisms of antibiotic 
hypersensitivity can be divided into 2 main processes: the 
direct toxic effects of antibiotics on tissues and the activation 
of immune cells without the participation of specific anti-
bodies. These mechanisms are often observed in situations 
where antibiotics accumulate in the body, having toxic 
effects, or when antibiotics nonspecifically activate immune 
cells owing to their chemical properties. These nonimmuno-
logical reactions differ from immunological reactions as 
antibodies or immune complexes do not form. An antibiotic 
can directly affect the cells of organs, such as the liver or 
kidneys, in toxic reactions, leading to organ damage and 
dysfunction. Amoxicillin can cause crystal nephropathy when 
residual amounts accumulate in the body, having toxic effects 
on the kidneys. 27

Immune cells are usually activated without antibodies 
via the activation of macrophages, neutrophils, or other 
immune cells that cause inflammation even if the antibiotic 
is not an allergen. The cross-reactivity among antibiotics of 
the same class is particularly important in nonimmunological 
reactions. For example, the chemical structures of beta-lactam 
antibiotics, such as penicillin, cephalosporins, and carbape-
nems, are similar. Using multiple antibiotics in this class in-
creases the likelihood of developing allergic reactions, even if 
the patient was previously allergic to a particular drug. This 
cross-reactivity in antibiotic hypersensitivity must be under-
stood to help health care professionals choose alternative 
drugs in cases of allergic reactions. Caruso et al 28 described 
the problem created by the cross-reactivity between cephalo-
sporins and other beta-lactam antibiotics in detail, with the 
results guiding the selection of safe alternatives. In addition, 
antimicrobial stewardship programs in hospitals can substan-
tially reduce the likelihood of antibiotic-related adverse 
events by controlling antibiotic use. 28 Table 1 summarizes 
the types of antibiotic resistance, their mechanisms of devel-
opment, and the most commonly used diagnostic methods.

The clinical manifestations of antibiotic hypersensitiv-
ity widely vary depending on the type of reaction. 
Dermatological reactions are the most common clinical 
manifestations of antibiotic hypersensitivity, accounting for 
a large proportion (38.8%) of all antibiotic allergy cases. 29 

These reactions include maculopapular rashes (red patches 
with elevation), urticaria, exanthema (a rash covering a large 
part of the skin), and itching. Although these symptoms are 
not usually life-threatening but cause considerable discomfort 
and require drug adjustment. Gastrointestinal symptoms such 
as diarrhea, nausea, and vomiting are also common, occurring 
in 28.4% of patients who are allergic to antibiotics. 30 These 
symptoms indicate a toxic effect of the antibiotics on the 
gastrointestinal mucosa or the immune response. These symp-
toms do not usually pose a serious threat; however, the treat-
ment may need to be adjusted or the antibiotic may need to be 
temporarily discontinue in cases of severe disorders. More
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serious reactions include anaphylaxis and hypovolemic 
shock, which can be life-threatening. Anaphylaxis can 
quickly develop after antibiotic administration and is accom-
panied by severe breathing difficulties, laryngeal edema, low 
blood pressure, tachycardia, and loss of consciousness. The 
hypovolemic shock resulting from anaphylaxis requires 
urgent medical intervention, such as the administration of 
epinephrine, antihistamines, and oxygen inhalation. 
Although these reactions are rare, they can be fatal without 
timely medical intervention.

Methods for Diagnosing Antibiotic 
Hypersensitivity: Approaches and Limitations

Various methods have been used to diagnose antibiotic 
hypersensitivity, each with specific characteristics and limi-
tations. The primary step is thoroughly analyzing the history 
of the patient, which allows an identification of the relation-
ship between antibiotic use and the development of allergic 
symptoms. The medical history taking should include ques-
tions about previous reactions to antibiotics and factors that 
contribute to the development of hypersensitivity, such as 
genetic predisposition or comorbidities. This medical history 
allows doctors to detect possible allergic reaction to a partic-
ular antibiotic before conducting other tests. One of the most 
common diagnostic methods is skin testing, which is used to 
detect immediate allergic reactions, such as IgE-mediated re-
actions. Skin tests include intradermal, prick, and skin tests 
using small amounts of antibiotics applied to the skin. This 
test allows physicians to assess whether an antibiotic causes 
a local allergic reaction, which indicates hypersensitivity.

Skin tests are effective in detecting allergies to certain 
drugs, such as penicillin; however, their sensitivity may not 
be sufficient. Test results need to be carefully interpreted as 
false-positive or false-negative results are possible, which can 
lead to an erroneous determination of the presence or absence 
of an allergy. de Vicente et al 31 reported that patients with 
a penicillin allergy tolerate cephalosporins and carbapenems, 
although additional tests (eg, drug provocation tests) are 
needed to confirm the safety of these drugs. The researchers 
stated that the chemical structure of antigenic determinants 
such as cephalosporins should be understood to determine the 
mechanisms through which IgE-mediated allergy to certain 
antibiotics occur. Cephalosporin is an antibiotic, specifically 
a second-generation cephalosporin, and is not an antigenic 
determinant. However, the chemical structure of cefaclor

and other cephalosporins can be used to predict cross-
reactivity with other beta-lactam antibiotics such as penicillin. 
Cephalosporins contain a beta-lactam ring, which is a struc-
tural feature shared with penicillin. This structural similarity 
can lead to cross-reactivity in individuals allergic to penicil-
lin. Shenoy et al 32 highlighted the importance of accurately 
diagnosing penicillin allergy and the role of a comprehensive 
approach to managing penicillin allergy to improve patient 
outcomes.

Specific IgE tests are used to detect antibodies produced 
by the body in response to antibiotics, confirming the 
presence of an immune response. 33 Basophil activation tests 
measure changes in basophil function after exposure to anti-
biotics, which indicate allergic reactions. 34 However, these 
laboratory methods have limitations such as low sensitivity 
and specificity, which reduce their effectiveness in everyday 
clinical practice. Therefore, these tests are used in combina-
tion with other diagnostic methods to increase diagnostic 
accuracy. Broad-spectrum antibiotics increase the risk of var-
ious adverse reactions, including hypersensitivity, owing to 
their wide range of activities against various bacteria, high-
lighting the need for the careful monitoring during the use of 
these antibiotics in hospital settings. 35 This broader activity 
may disrupt the normal microbiota, influencing immune re-
sponses and increasing the risk of hypersensitivity reactions. 
Asim et al 36 highlighted the necessity of considering the toxic 
effects of antibiotics, such as amoxicillin–clavulanate. Acute 
tubulointerstitial nephritis should also be considered during
diagnosis. 

CDSSs show promise as a tool for increasing the 
diagnosis accuracy and prevention of allergic reactions to 
antibiotics. CDSSs provide physicians with access to up-to-
date and detailed information on the possible risks of antibi-
otic use, such as allergies, enabling informed and individual-
ized treatment decisions. 37 CDSSs analyze large amounts of 
clinical data, including the medical history and previously 
identified allergies of the patient, cross-reactivity between 
different antibiotics, and other factors that reduce the risk of 
allergic reactions. CDSSs play a valuable role in detecting 
and preventing cross-reactivity between antibiotics, which is 
relevant when using drugs with a similar chemical structure, 
such as beta-lactam antibiotics. Doctors can quickly obtain 
information about possible allergic reactions to new antibiot-
ics using CDSSs, which substantially increases the safety of 
treatment and reduces the likelihood of serious

TABLE 1. Classification of Types of Antibiotic Hypersensitivity, Mechanisms of Their Development, and Diagnostic Methods

Type of Hypersensitivity Mechanism of Reaction Development Clinical Manifestations Diagnostic Methods

Type I (IgE-mediated) Activation of IgE antibodies, leading to 
degranulation of basophils and mast cells 

Anaphylaxis, urticaria, oedema, 
pruritus 

Skin tests (intradermal, prick tests), 
IgE level determination 

Type II (cytotoxic) Interaction of antibiotic antigens with cell   
membranes, complement activation 

Hemolytic anemia, thrombocytopenia, 
nephritis 

Antibody and biochemical tests (eg, 
creatinine level) 

Type III
(immunocomplex)

Formation of immune complexes (antigen– 
antibody), their deposition in tissues 

Vasculitis, glomerulonephritis, joint 
pain, rash 

Laboratory tests (complement level, 
basophil activation test) 

Type IV (T-cell–
mediated)

Activation of T lymphocytes, leading to 
inflammation and tissue damage 

Contact dermatitis, maculopapular 
rashes 

Provocation and skin tests, tissue 
biopsy 

Nonimmunological
mechanisms

Toxic effect of antibiotic or activation of immune 
cells without participation of antibodies

Toxic hepatitis, renal failure, 
gastrointestinal symptoms

Laboratory tests (elevated enzyme 
levels, ultrasound)
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complications. 38 Clinical pharmacists play a crucial role in 
optimizing the use of CDSSs in this context and ensuring that 
the information provided is accurately interpreted and 
applied. Clinical pharmacists closely collaborate with physi-
cians to interpret the data from the CDSS, ensuring that the 
recommendations align with the overall treatment plan and 
medical history of the patient. 39 Clinical pharmacists monitor 
patients for signs of allergic reactions and accordingly man-
age medication, adjusting treatments as necessary based on 
real-time patient data. In addition, clinical pharmacists edu-
cate other health care providers on effectively using the 
CDSS, such as understanding the nuances of the cross-
reactivity between antibiotics, particularly among those with 
similar chemical structures such as beta-lactams. Clinical 
pharmacists leverage their expertise in pharmacotherapy to 
help prevent medication administration and prescription er-
rors and adverse drug reactions, enhancing patient safety and 
treatment outcomes. Clinical pharmacists can counsel patients 
on the need to adhere to prescribed therapies and inform them 
about the potential side effects and signs of allergic reactions. 
The role of clinical pharmacists in the context of a CDSS 
shows that a multidisciplinary approach to patient care is 
required, in which the expertise of pharmacists complements 
the technological capabilities of decision support systems to 
improve patient outcomes.

A CDSS can be used in clinical practice to reduce the 
risk of allergic reactions in patients and optimize treatment 
strategies. 40 CDSSs can be used to ensure a timely response 
to changes in patient condition, allowing doctors to promptly 
adjust therapy and choose the most effective and safest drugs. 
In particular, these systems can warn doctors of the need to 
change antibiotics if a patient was previously allergic to drugs 
or is at risk of severe allergic reactions such as anaphylaxis or 
SJS. Thus, using a CDSS in combination with traditional 
diagnosis and treatment methods can considerably increase 
the quality of medical care, reduce the number of allergic 
reactions, increase diagnostic accuracy, and provide more 
effective and safe treatment for patients. Integrating such 
technologies into clinical practice is a step toward creating 
safer and more personalized treatment approaches that meet 
modern health care requirements.

The discourse on antibiotic hypersensitivity as a clinical 
problem requires the careful analysis of the wide range of 
possible reactions, which range from mild rashes to serious, 
life-threatening anaphylactic reactions or severe skin syn-
dromes, such as SJS and TEN. These reactions support the 
need to rapidly detect such reactions to ensure patient safety, 
as an allergy to antibiotics can complicate the treatment of 
infectious diseases and have serious clinical consequences. 
The consideration of antibiotic hypersensitivity is compli-
cated by allergic symptoms having a wide range of manifes-
tations, which can appear immediately to several days after 
drug administration. A delay in diagnosis can lead to patients 
receiving the wrong treatment, which can complicate the 
course of recovery. Severe allergic reactions such as anaphy-
laxis are dangerous and can lead to shock and death if not 
quickly detected and treated.

Older adult patients are among the most vulnerable 
because they often have chronic diseases and simultaneously

use several medications, which increases the likelihood of 
allergic reactions. 41 In addition, the immune system of older 
adults is often unable to respond effectively to new allergens, 
increasing the risk of severe side effects of antibiotics. 
Therefore, special attention should be paid to the early detec-
tion of allergies in these patients and the prevention of pos-
sible complications. Antibiotic hypersensitivity should be 
properly diagnosed and treated to ensure patient safety. 42 

The early detection of allergic reactions helps with promptly 
changing treatment and reduces the risk of severe complica-
tions. Therefore, modern methods, such as skin, specific IgE 
antibody, and other laboratory tests, should be used for 
quickly identifying the type of allergy and selecting the opti-
mal treatment approach. Particular attention should be paid to 
the cross-sensitivity between antibiotics because patients who 
are allergic to 1 antibiotic may react to other drugs in the same 
group. This cross-sensitivity increases the complexity treat-
ment and requires a more cautious approach to antibiotic 
selection.

The rapid diagnosis and prevention of allergic reactions 
to antibiotics are essential, particularly in inpatient settings, 
where the risk of developing such reactions is much higher, 
especially among older adult patients, in whom even mild 
allergic reactions can lead to serious life-threatening compli-
cations. The use of a CDSS, which integrates global standards 
for identifying drugs and their potentially dangerous effects, 
could considerably reduce the risk of repeated allergic reac-
tions to antibiotics. Using CDSSs allows for quickly detecting 
and preventing severe allergic reactions such as anaphylaxis, 
sudden and potentially fatal reactions, and syndromes related 
to skin reactions such as SJS. CDSSs are especially useful in 
inpatient settings, where patients are often simultaneously 
administered many drugs, which increases the likelihood of 
allergic reactions.

An allergic reaction typically occurs when the immune 
system inappropriately responds to a harmless substance such 
as an antibiotic and recognizes this substance as a threat. This 
process leads to reactions ranging from mild skin rashes to 
severe conditions such as anaphylaxis or SJS. 16 Using 
a CDSS helps manage this risk by providing timely informa-
tion about potential drug interactions and allergies, thus pre-
venting severe allergic reactions. Conversely, the lack of an 
immune response, particularly in older or immunocompro-
mised patients, can lead to increased susceptibility to infec-
tions and severe drug side effects because the immune system 
may not effectively neutralize pathogens or properly metab-
olize drugs, leading to toxicity or adverse drug reactions.

Such technologies should be integrated into clinical 
practice for ensuring the safety of antibiotic treatment by 
warning doctors about potentially dangerous drugs before 
they are prescribed to patients. This approach is particularly 
relevant in cases of multipharmacological treatments, where 
the risk of cross-allergic reactions is considerably higher than 
that with monotherapies. In addition, using a CDSS can 
reduce the workload of medical staff through automating 
the risk identification process and supporting clinical decision 
making by considering evidence-based standards.

Wang et al 12 reported that anaphylaxis is one of the 
most common reactions to antibiotics among patients,
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indicating the high risk of anaphylaxis in clinical practice, 
which must be rapidly detected and appropriately treated to 
reduce fatalities. The risk of anaphylaxis emphasizes that 
patients should be continuously monitored, especially those 
who are prone to allergies or who regularly take antibiotics.

Severe skin reactions are more complex allergic 
reactions, involving toxic skin reactions such as exfoliative 
dermatitis and SJS. Kim et al 26 reported that antibiotics, in 
particular beta-lactams, are the main triggers of severe skin 
reactions, which require high-sensitivity diagnosis to ensure 
timely treatment. These reactions usually develop more 
slowly than anaphylaxis, but their treatment is more complex, 
requiring specialized approaches. Severe skin reactions must 
be detected early given their potential severity, and appropri-
ate therapeutic strategies must be developed to minimize 
complications. The clinical classification of antibiotic hyper-
sensitivity helps with understanding the mechanisms through 
which each allergic reaction occurs in more detail. This infor-
mation can be used to guide the selection of the most suitable 
approach to treatment. For example, type I allergy, which is 
commonly associated with anaphylaxis, is different from type 
IV allergy, which is mediated by T cells and leads to chronic 
skin reactions, such as severe skin reactions. The different 
types of reactions require appropriate diagnostic approaches, 
as their manifestations may be nonspecific and similar to 
those of other diseases.

Diagnosing antibiotic hypersensitivity remains chal-
lenging because of the diversity of clinical manifestations. 
The main diagnostic methods include a thorough clinical 
interview and history-taking to identify symptoms and risk 
factors. Skin and specific IgE tests are widely used to confirm 
type I allergies; however, these tests are not always suffi- 
ciently accurate. 43 Molecular tests, particularly genetic test-
ing, are being used to identify predispositions to certain types 
of allergic reactions, allowing for more individualized treat-
ment approaches. This testing is especially indicated for pa-
tients at high risk of developing allergies, such as older adults 
or those who regularly take antibiotics. Elst et al 13 found that 
using a decision support system such as a CDSS integrated 
the with a health care facility database facilitated diagnosis by 
providing quick access to information about previous allergic 
reactions.

Technologies such as cloud-based clinical decision sup-
port systems should be used to provide information on cross-
allergies and other relationships between different antibiotics. 
Doctors can receive information from these systems on poten-
tially dangerous drug combinations, which increases patient 
safety. In particular, a CDSS can consider individual patient 
characteristics, patient history of previous allergic reactions, 
and cross-sensitivity between antibiotic groups, which mini-
mizes the risk of serious allergic reactions to prescribed anti-
biotics such as anaphylaxis or antibiotic-related skin 
reactions.

CDSSs should be optimized to facilitate interactions 
between health care professionals and the system. This 
process includes minimizing the excessive provision of alerts 
by adjusting the algorithms such that the alerts are relevant 
and necessary for a particular patient. In addition, integrating 
a CDSS into daily clinical practice requires the training of

doctors and medical staff to ensure confidence and compe-
tence in using the system and that the information provided is 
correctly interpreted.

CONCLUSIONS
Hypersensitivity to antibiotics is a serious medical issue 

that requires in-depth theoretical research to thoroughly 
understand the mechanisms through which these allergic re-
actions occur to guide the selection of effective diagnostic and 
treatment methods. A theoretical analysis of the literature 
showed that antibiotic hypersensitivity manifests in various 
forms from mild rashes to serious conditions such as anaphy-
laxis or SJS. The immunological and nonimmunological 
mechanisms of the development of these reactions must be 
considered in practice as the mechanism affects the treatment 
decisions. The immunological reactions include IgE-mediated 
reactions (type I), which lead to anaphylaxis, and cell-
mediated reactions (type IV), which manifest as chronic skin 
syndromes. Nonimmunological mechanisms result in antibi-
otics having direct toxic effects on tissues and the activation 
of immune cells without the involvement of specific antibod-
ies. These processes can produce toxic effects such as liver or 
kidney damage or induce inflammatory reactions through the 
activation of macrophages and neutrophils.

A theoretical analysis of selected studies showed that 
cross-susceptibility to antibiotics, particularly beta-lactam 
drugs, is a problem in clinical practice that can lead to allergy 
development, even in the absence of a previous reaction to 
a particular antibiotic. The most commonly used methods for 
diagnosis antibiotic hypersensitivity are thorough history-
taking, skin tests, and tests for specific IgE antibodies. 
Molecular and genetic testing can complement diagnosis in 
cases in whom the results of initial testing are not definitive. 
In particular, molecular and genetic testing can help in iden-
tifying predispositions to certain allergic reactions and 
increase diagnostic accuracy. Attention was paid to the latest 
technologies such as cloud-based clinical decision support 
systems. These systems can substantially increase diagnostic 
accuracy and prevent allergic reactions by rapidly analyzing 
large amounts of clinical information. However, lack of trust 
in technologies can reduce the effectiveness of their use. 
Future research prospects in this field include implementing 
personalized approaches for diagnosing reactions to antibiot-
ics using molecular tests and selecting the appropriate treat-
ments using cloud-based decision support systems.
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