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Abstract: 

 

This review highlights the novelties in understanding the underlying immunological mechanisms 

of drug hypersensitivity reactions (DHRs) with special reference to beta-lactams (BLs) in the 

pediatric population, as well as tiny changes in clinical classification and diagnosis of DHRs, in 

the last couple of years. BLs are still the most commonly prescribed and used antibiotics in 

children. Viral infections are very often in children and they can provoke skin rashes which are 

difficult to differentiate from DHRs. The majority of children are incorrectly labeled as 

"allergic". Therefore, allergy to BLs in children is overdiagnosed. These children often receive 

suboptimal treatment with second-line broad-spectrum antibiotics which are less effective, more 

costly and associated with an increased risk of antibiotic-resistant infections. This prolongs 

hospitalization and thus more uses health care. 

The correct diagnosis of BLs allergy in children is still an important and hot topic. In this review 

has been outlined the need  for correct diagnosis of BLs allergy in children and all the 

controversies encountered by pediatricians and  pediatric allergists. It is also necessary to change 

the paradigm. 

 

Key words: beta-lactams, children, drug hypersensitivity, immediate reactions, nonimmediate 

reactions  A
cc

ep
te

d 
A

rt
ic

le



 

This article is protected by copyright. All rights reserved 

 

Key Message: 

BLs still are the most commonly prescribed and used antibiotics in children. Viral infection can 

provoke skin rashes such as MPE or urticaria, therefore it is difficult to differentiate DHRs from 

skin symptoms due to infections. About 10% of parents report suspected allergy to at least one 

BLs in their children. So the majority of children are incorrectly labeled as "allergic". But, after a 

proper evaluation, allergy will be confirmed only in a small percentage of children, indicating 

that true allergy to BLs is rare and overdiagnosed. Because of that, the diagnosis of BLs 

hypersensitivity in children is still an important and hot topic.  

 

Introduction 

 

Beta-lactams (BLs) still are the most commonly prescribed and used antibiotics in children. Viral 

infection can provoke skin rashes such as maculopapular exanthema (MPE) or urticaria, 

therefore it is difficult to differentiate drug hypersensitivity reactions (DHRs) from skin 

symptoms due to infections.
 1,2

 There must be at least one exposure before the index reaction, but 

we have to keep in mind that a previous sensitization can be unsuspected and due to cross-

reactivity.
3
 About 10% of parents report suspected allergy to at least one BLs in their children.

 4
 

So the majority of children are incorrectly labeled as "allergic". But, after a proper evaluation, 

allergy will be confirmed only in a small percentage of children, indicating that true allergy to 

BLs is rare and overdiagnosed.
 5-7

 Because of that, the diagnosis of BLs hypersensitivity in 

children is still an important and hot topic.
 8

  

Most information about approach and management on BLs hypersensitivity in children is applied 

from available guidelines and consensus statement for adults.
 4,9

  

 

New understanding of drug hypersensitivity mechanism  

 

In the last few years, we came to a better understanding of the underlying immunological 

mechanisms of DHRs. Therefore, DHRs have been classified into allergic, pharmacological 

interaction (p-i concept) and pseudoallergic. In allergic reaction the drug act as hapten and 

specific immune response is directed against a hapten-carrier complex (the hapten hypothesis). A
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Briefly, drugs (low molecular weight compounds) or their metabolites are too small to elicit a 

specific immune response on their own,  so they bind covalently to plasma proteins generated a 

new antigen (hapten‐protein/carrier complex). Some drugs are pro‐haptens and gain the ability to 

bind covalently to proteins only after being metabolized. This can be mediated by IgE and IgG 

antibodies or by T cells. According to the type of reactions, these reactions can be immediate or 

nonimmediate. Common elicitors in children are: BLs, but also others drug such as: 

sulfonamides, antineoplastics, as well as quinolones, metamizol, radiocontrast media- RCM, and 

neuromuscular blocking agent- NMBA in adolescent and adults. In p-i concept the drug can bind 

via non-covalent bonds (van der Waals forces, hydrogen bonds and electrostatic interactions) 

directly to immune receptor proteins (HLA and TCR). This interaction leads to a T‐cell‐mediated 

reaction. One can differentiate binding of drug to HLA (p‐i HLA) or binding to TCR (p‐i TCR). 

Some drugs can interact with both HLA and TCR. The p-i reactions are considered 

nonimmediate. The most frequent elicitors are: BLs, as well as sulfonamides, anticonvulsants and 

antineoplastics in children, and quinolones, metamizol, RCM, vancomycin, local anaesthetics 

and abacavir in adults. In pseudoallergic reaction the drug binds directly to the receptor or 

interact with enzymes of effector cells. These reactions are considered immediate. Type of drugs 

eliciting DHRs by  pseudoallergic mechanism are: nonsteroidal anti-inflammatory drugs- 

NSAIDs, quinolones, RCM, NMBA and vancomycin.
10,11

 BLs are not involved. There are no 

available data in children and data is based on experiences in adults. 

 

Clinical classification of DHRs 

 

Tiny changes were made through clinical classification of DHRs (based both on the chronology 

and the mechanisms of the reaction), but controversies still exist
3
.  According to  European 

Network of Drug Allergy (ENDA)  immediate reactions (IRs) occurring less than 1 hour after the 

drug intake, 
12,13

 but some authors consider IRs as those occurring within 1 hour and up to 6 

hours after the first dose of the last therapeutic course.
3,9,10

 But in practice most IRs occur in 1-2 

hours of taking the drug. The majority of IRs are mediated by IgE antibodies. The clinical 

manifestation of those reactions ranges from benign urticaria with or without angioedema, up to 

potentially life-threatening anaphylaxis. Two clinical entities of IRs have been proposed: mild 

IRs (urticaria /angioedema), and severe IRs (anaphylaxis/anaphylactic shock). IRs can also be A
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mediated by COX-1 inhibition or by MRGPRX2 (Mas-related G-protein-coupled receptor 

member X2). Clinical entities are: urticaria, angioedema, anaphylaxis and respiratory 

symptoms.
3,10,11

 So far no data has been found about any experience from the pediatric 

population, all data is based on adult data and animal experiments. 

Nonimmediate reactions (NIRs) occur more than 6 hours after the first dose of the last 

therapeutic course, which often start 2 to 5 days later.
3,9,10

 But according to ENDA NIRs 

occurring more than 1 hour and up to several days after the last drug administration.
12,13

 NIRs are 

mediated by T cells. Clinical manifestations of those reactions range from benign rashes (MPE 

or fixed drug eruption- FDE or serum sickness like reactions SSLR) to potentially life-

threatening severe cutaneous adverse reactions (SCARs) such as Stevens-Johnson syndrome-SJS 

and toxic epidermal necrolysis-TEN, drug reaction with eosinophilia and systemic symptoms-

DRESS, acute generalized exanthematous pustulosis-AGEP or single organ reaction such as drug 

induced liver disease (DILI). Also two clinical entities of NIRs have been proposed: mild NIRs 

(MPE, SSLR) and severe NIRs (SCARs).
3,9,10

 

 

Diagnosis 

 

The first step in the diagnostic work up is complete and precise clinical history about possible 

allergic reaction. It is essential to differentiate between an adverse reaction and a real DHR, as 

well as, whether is an IR and NIR. The following steps will vary depending on type of reaction 

(IR or NIR).  

 

Immediate Reactions 

 

For IR there is agreement that the skin (prick and intradermal) tests with culprit BL, should be 

performed before confirmatory oral drug provocation test- DPT.
2,34, 7, 14 Of course, there still 

remains the rule that the DPT is only performed if skin tests are negative.
4,9,14

 Skin tests have a 

relatively high diagnostic value in IRs 
4,14,15

, but more pediatric studies need to confirm these 

data. The DPT is still the gold standard for the diagnosis of IRs, 
3, 4, 9, 14,15 

but there is no 

consensus on the best protocol for performing DPT. It is still necessary to establish the optimal A
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step doses and the optimal duration of provocation.
3
 General recommendation for DPT, 

including indications and contraindications, also apply for children.
 16

  

In vitro testing is a part of a diagnostic algorithm for IRs to BLs along with other tests
4
. There is 

recommendation to perform in vitro test before skin testing in severe IRs (e.g. drug‐induced 

anaphylaxis), according to an EAACI position paper.
17

 Quantification of serum drug-specific IgE 

(sIgE) measurements and direct/indirect basophil activation tests (BATs) are frequently not 

performed. At the present time, there is controversy regarding sIgE immunoassay. sIgE 

immunoassay in some European countries is recommended for evaluating IRs to BLs, but in 

United States, it is not used because of its suboptimal sensitivity and low concordance with skin 

tests and DPTs.
 11, 18

 

 

Non-Immediate Reactions 

 

The biggest changes were made throughout the diagnosis of NIR to BLs. In the last couple of 

years, lots of  papers have been published which have shown that direct oral DPTs without prior 

skin testing are safe and effective in confirming or excluding hypersensitivity to BLs in children 

with benign rashes.
19-29

 Some authors still think that a skin test with the culprit BL is safe and 

that it should be performed (as an extra security step) in children with NIR, to avoid exposing 

them directly to higher doses of suspected BLs, by DPT
. 6, 28, 30, 31

 Another disagreement is the 

protocol for performing DPT. The optimal (incremental or full) doses and intervals between the 

doses are controversial. The length of DPT varies among the different studies, going from as 

short as 1
19, 23, 32, 33

 day to 5 
21, 26, 29, 34

 or more days,
 4, 27

 or the same length of the index reaction.
 

27, 33 

There is an on-going debate in drug allergy in children, as to whether one-day DPT is sensitive 

enough versus several day-DPT.  

Shorter protocols are more efficient and have fewer side effect, longer protocols may increase 

the sensitivity of DPT up to 15%. 
29,32

 It  should be taken into consideration that  prolonged DPT 

can account for new sensitization.
32

  Specific memory T cells and effector T cells are by 

definition present in BL allergic patients, and there is no in vivo published evidence showing that 

a several-day DPT would perform better than a one-day DPT to activate them.
32

 Conversely, the 

occurrence of a hapten protein or hapten peptide specific immune response needs time (7 to12 A
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days for amoxicillin) to form the hapten protein complex, present the hapten peptides on HLA 

and expand drug specific T and B cells.
29

 

Besides sensitivity, specificity, negative and positive predictive value, other issue should be 

considered. Prolonged exposure to antibiotics could lead to microbial resistance and disturbances 

of the gut microbiota
15

and healthy children are exposed to an unnecessary course of antibiotics. 

There is a general agreement that diagnostic work up should be performed for a minimum of 4 to 

6 weeks after reaction, to avoid both false-positive, false negative and flare-ups of systemic 

reactions.
 35

  

In the last few years, there haven't been major changes in the diagnosis SCARs induced by BLs. 

Patch tests are useful in diagnosis AGEP and DRESS, but they have low sensitivity (<30%) in 

diagnosis SJS/TEN. Intradermal tests are potentially useful in AGEP, their safety is unknown in 

DRESS, and contraindicated in SJS/TEN. DPTs are contraindicated in SCARs.
 35, 36

 

In vitro test, such as IFN-gamma producing cells determination by enzyme-linked immunospot 

assay (ELISpot), in combination with patch tests has demonstrated a potential utility in BLs 

induced SCARs. The sensitivity and specificity of  the lymphocyte transformation test (LTT) is 

still unsatisfactory.
 11, 18

  

 

Conclusions 

 

There are similarities and differences between Europe and America in the approach to the 

diagnosis of BLs hypersensitivity in children. The diagnosis of BLs hypersensitivity in children 

is still an important and hot topic, and it continues to be a challenge. 

Given the greatest controversy in the diagnosis of NIR to BLs, many studies are needed from 

both Europe and America to determine optimal step doses and optimal duration of DPT. 

It is also necessary to educate  the public and health workers about the differences in adverse 

reactions to drugs and real drug hypersensitivity reactions "drug allergies". Thus, it could reduce 

overdiagnosis and promote appropriate procedures, that will prevent the overlabeling of drug 

allergy. There is a need to make a recommendation in pediatric guidelines, but for this, it is 

required further studies to validate this. 
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