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Abstract 

Drug hypersensitivity reactions are common in children. Risk factors predisposing to IgE-mediated drug allergies 
and delayed drug reactions are a matter of debate. Gender, age, previous reactions to the same drug or to another 
drug, reduced drug metabolism, chronic diseases, polypharmacy, drug doses are linked with the onset of hyper-
sensitivity reactions in some children. Novel advances in genetic polymorphisms can rapidly change the approach 
to the prevention of reactions since gene testing can be a useful screening test for severe cutaneous adverse reac-
tions. Viral infections may act as cofactors in susceptible individuals. Polypharmacy, high doses, repeated doses 
and parental route of administration are also risk factors. Clinicians should take into account risk factors to allow 
the risk–benefit balance to be maintained.
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Introduction
Hypersensitivity reactions (HRs) to drugs are common 
in the pediatric age. One of the most comprehensive 
studies suggested that 3% of admissions to a large Brit-
ish children’s hospital were due to adverse drug reac-
tions (ADRs) [1]. However, specific data on risk factors 
for HRs in children are limited [2]. The knowledge of risk 
factors for HRs could help in the diagnostic work-up and 
in preventing new episodes. The risk for HRs in children 
is due in part to known risk factors and it is in part to 
the nature of pharmacotherapy [3]. Today seven generally 
accepted risks for HRs have been found (Table 1) [3]. Risk 
factors for HRs can be roughly divided into those related 
to the host and those related to the drug. The aim of this 
paper is to update and understand risks factors for HRs 
in children.

Risk factors related to the host
Gender
In a recently published report from the European Ana-
phylaxis Registry female gender and adulthood were risk 
factors for drug anaphylaxis [4]. Most studies among 
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adults show that women have a higher incidence of ADRs 
in general. In pediatric age, conflicting data has been 
published. The pediatric task force of the EAACI Drug 
Allergy Interest Group described that female gender has 
not been associated with increased risk for HRs [5]. It was 
reported that HRs to non-steroidal anti-inflammatory 
drugs (NSAIDs) in children, especially in the younger age 
group, are as frequent if not more frequent in males than 
in females [6]. In contrast, a prevalence in the female sex 
has been reported for HRs to omalizumab and to antie-
pileptic drugs (AEDs). However, unlike adults, it cannot 
be established that female gender is a risk factor for drug 
HRs in childhood probably due to differences between 
adult women and girls in terms of metabolism, hor-
mones, and others still unknown factors [7–9].

Age
Generally, extreme ages are considered risk factors of 
HRs [10]. The drug-metabolizing enzymes, the matura-
tion of renal function, the hormone changes over the 
years may enhance the risk for HRs in children. Regard-
ing AEDs, children are more frequently affected by HRs 
than adults, in particular the subgroup of those younger 
than 12 years using aromatic anticonvulsants or multiple 
AEDs [11]. A recent prospective study examined HRs to 
AEDs during childhood and revealed that the rate of car-
bamazepine-associated Drug Reaction with Eosinophilia 
and Systemic Symptoms (DRESS) was remarkably higher 
in children than in adults. Moreover, the risk for valproic 
acid–induced liver injury is higher under five years of age 
than at other ages. In addition, severe skin rashes due to 
lamotrigine are more frequent in children under 13 years 
than in adults [12, 13]. For example, among beta-lactams 
(BLs), the risk of serum sickness-like reactions to cefaclor 
is about 1% in toddlers compared to 1:1000 in adults [14]. 
Several studies on HRs to antibiotics in children also 
report that children up to 4 years of age more frequently 
visit drug allergy clinics, suggesting that young children 
may be more susceptible to antibiotic allergy. Most of these 

studies are based on parent’s reported clinical history with-
out a drug provocation test proven diagnosis, so such data 
could probably reflect the high frequency of benign rashes 
during a viral infection and concomitant drug assumption 
rather than a true drug HR. An Italian study, in children 
between 0 and 14  years, showed a higher incidence of 
ADRs in infants under one year of age with a decreasing 
incidence with increasing age [15]. About NSAIDs, a quar-
ter of patients with a diagnosed HR are aged 8–18  years 
[16, 17]. To date, there are few reports on the prevalence 
of risk factors of HRs to biologics in children. It was only 
observed an increased risk of HRs to infliximab in younger 
age [18]. The higher risk of HRs in young children than 
in older children may be explained also by the fact that in 
children the risk is increased by off-label prescriptions [5, 
7]. On the contrary, it is known that the risk of exposure to 
many drugs is lower in children than in adults, so it could 
not explain the increased risk for HRs. Another explana-
tion could be that the widespread prescription of certain 
drugs in pediatric age, may theoretically increase the risk 
of immunological sensitization, as drug metabolism is usu-
ally age-dependent and an increase in reactive metabolites 
may occur in young children [7]. Anyway, not all studies 
are in line with the above reported results and the inci-
dence of HRs by age varies among studies. Other studies 
found no significant correlation with age or an increased 
risk of HRs with age [19, 20]. In an international study 
that aimed to determine the risk factors associated with 
HR in hospitalized children, subjects older than 11 years 
showed a significantly higher incidence of HR than those 
2–11  years [9]. Faitelson et  al. [21] found that older age 
at the reaction was significantly (P = 0.05) associated with 
amoxicillin allergy in children, probably because the expo-
sure to that drug increases with age.

Atopy
Historically, atopic predisposition has not been accepted 
as a significant risk factor for drug HRs but it may con-
tribute to more severe allergic reactions [22, 23].

Anyway, the role of atopy and atopic disease in drug 
HRs is controversial and seems to be related to the type 
of drug involved in the index reaction. In childhood, 
atopy, asthma, and chronic urticaria were reported to be 
significant risk factors for reactions to NSAIDs [24–30]. 
Allergy to NSAIDs is more common in children with 
asthma, which is itself a risk factor for more severe reac-
tions to NSAIDs [6]. In recent years, atopy was found 
to be a risk factor for NSAID hypersensitivity in many 
studies evaluating adults and children. The influence 
of atopy on NSAID hypersensitivity seems to vary with 
the type of reaction [2, 25, 31]. In adults, single NSAID 
reactors showed a much higher prevalence of atopic dis-
eases than multiple NSAID reactors [32]. In children, 

Table 1 Risk factors for hypersensitivity reactions

Risk Factors Gender

Extremes of age

Previous adverse 
reactions to the same 
or to another drug

Reduced drug metabo-
lism – chronic diseases

Genetic polymorphisms

Polypharmacy

Drug doses
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hypersensitivity to NSAIDs was significantly associated 
with personal and/or family atopy, and the relation was 
especially evident, contrary to adults, in multiple NSAID 
reactors [33–35].

In line with the above-mentioned results, Alves et  al. 
[36] analyzed a group of 119 pediatric patients (median 
age nine years) who complained a HR to NSAIDs, being 
ibuprofen the most frequent culprit drug (79%). After 
drug provocation test, NSAID hypersensitivity was con-
firmed in 7.6% children (though inconclusive in 14.3%). 
Anaphylaxis was a relative risk to NSAID hypersensitiv-
ity, while atopy and the number of previous reactions 
showed no association in single NSAIDs reactors. In chil-
dren with chronic urticaria, NSAID intake can exacer-
bate symptoms [37].

Regarding antibiotics, a 20-years study in a large series 
of children, which evaluated test results and risk factors, 
found that atopy was not a risk factor for BL allergy [38]. 
Some other pediatric studies reached similar conclusions, 
but risk analysis was not performed separately for differ-
ent drug groups [20, 39, 40]. Arikoglu T et al. [20] found 
that several risk factors, including atopy (personal or 
familiar), age and sex, viral infections during index reac-
tion, total IgE or eosinophilia were not related with an 
increased risk for HRs. Only two studies found a positive 
correlation between asthma and risk for HRs. Demirhan 
A et al. [41] demonstrated that, in a group of 204 children 
investigated for a suspect HR to BLs any atopic disease 
other than asthma and an interval of reaction of 0–6  h 
during the index reaction could be considered as risk fac-
tors for a true drug HRs. Faitelson Y et  al. [21] showed 
that asthma (p = 0.03), and angioedema (p = 0.069) were 
significantly associated with amoxicillin allergy in chil-
dren with ADRs (P = 0.01).

Family history
It is commonly stated that family history of drug allergy 
is not a risk factor for HRs, for example maternal penicil-
lin allergy is not a risk factor for drug allergy [42].

Anyway, some other studies showed a positive correla-
tion between family history of drug allergy and risk for 
HRs. Accordingly, some children with parents who have 
a true drug allergy are at a 15-fold higher relative risk for 
allergic reactions to the same drugs [43]. Faitelson Y et al. 
[21] significantly associated family history of drug allergy 
with amoxicillin allergy in children with immediate and 
non-immediate reaction (p = 0.01). Arikoglu et  al. [20] 
have evaluated 97 children with 180 suspected drug HRs 
(mostly antibiotics, NSAIDs and AEDs). In the group of 
children with a confirmed drug HRs the only two signifi-
cant risk factors were a strong family history (4.4 times) 

and a strong personal history of drug allergy (3.5 times). 
Demirhan et al. [41] have demonstrated that a family his-
tory of drug allergy could be considered as risk factors for 
a true drug HRs. Dias de Castro et al. [19] found a signifi-
cant association between a positive diagnostic work-up 
and parental/sibling history of drug allergy (p < 0.001), 
shorter time interval between the suspected reaction and 
the study (p = 0.046) and more severe reactions (p < 0.001). 
A recent study showed an increased risk for positive 
drug provocation test to BL in children with parental his-
tory of drug allergy, but only in non-immediate reactions 
[44]. Family history of drug allergy was mainly but not 
exclusively related to BL (66.7%). The limited number of 
children with confirmed BL allergy did not allow a multi-
variate analysis and this was a limitation of this study.

Pharmacogenomics
Class I Human Leucocyte Antigen (HLA) alleles are 
associated with severe cutaneous drug reactions 
(SCAR) to certain drugs (Table 2).

Notably, the carriage of a risk allele is not sufficient 
to identify candidates to develop a HR to the involved 
drug. So, the value of screening programs based on 
genotyping in some ethnicity is limited. However, HLA 
B*57:01 screening has been shown, in a double-blind 
prospective randomized study, to be useful in prevent-
ing HRs to abacavir [59]. On the same line, screening for 
HLA-B*15:02 before using carbamazepine in Southeast 
Asian countries [60, 61] and screening for HLA B*58:01 
before using allopurinol in Asians [62, 63] prevents HRs 
to these drugs. The clinical use of genetic markers asso-
ciated with the risk of HR to other drugs is hampered 
by the low accuracy due to very high rate of false posi-
tive results. Notwithstanding, in some cases, drugs with 
a known high-risk for severe delayed HRs, as amoxicil-
lin-clavulanate, dapsone, fluocloxacillin, oxcarbazepine, 
lamotrigine, nevirapine, sulfamethoxazole/trimetho-
prim, vancomicin have been associated with specific 
HLA [51, 64–67]. A gene variants of class II alpha chain 
(HLA-DRA) and the HLA-DRA/HLA-DRB5 interre-
gion have been demonstrated to be a predictor for HRs 
to penicillins in a genome-wide study in adults [68]. 
With a genome-wide study, some variants including the 
HLA-DRB1*07:01 allele, have been associated with an 
increased risk of HR to asparaginase in children with 
acute lymphocytic leukemia treated with [69]. HLA-
DRB1*16:02 has been associated with PEG-asparaginase 
hypersensitivity in children [70], confirmed with a uni-
variate and multivariate logistic regression analysis.

Drug metabolism
In the last ten years the role of “pharmacometabonomic 
approach” in drug reactions has been evaluated to study 
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drugs’ metabolism, safety, and efficacy in humans. The 
study of the metabolism of a drug could offer several 
advantages since it has already been observed some sig-
nificant associations between some drug HRs and spe-
cific drug metabolic profiles. [71, 72] For instance, the 
metabolizing enzymes cytochrome P450 (CYP) and 
N-acetyltransferase (NAT) seem to be an important risk 
factors for certain type of drug HRs such as SCARs [71, 
73, 74]. Moreover, some variations in the genes CYP2C9, 
CYP2C19, and arylamine Nacetyltransferase 2 (NAT2) 
are associated with a higher risk for drug HR to meta-
mizole [75, 76]. It has been showed that some genetic 
polymorphisms are associated to anti-tubercolosis (TBC) 
drug-induced hepatitis [77, 78]. Although no specific 
pediatric data have been published so far, a few studies 
included some adolescents too [76, 78]. Kim et  al. [79] 
found a strong association between genetic polymor-
phisms of CYP and the risk of developing maculo-papu-
lar eruption induced by anti-TBC drug in adults.

Chronic/other disorders
Chronic diseases enhance the risk of DA due to impaired 
metabolism at kidney and liver [80]. Several studies 
reported that HRs are more common in children with 
cystic fibrosis (CF); particularly the frequency of BL HRs 
is higher. This could be potentially explained by recurrent 
exposure to drugs, frequent use of intravenous drugs, 
and specific immune responses related to CF itself [5, 81, 
82]. However, the prevalence of BL HRs is lower in chil-
dren with CF compared to the general pediatric popula-
tion. Nevertheless, these data require larger prospective 
studies to be confirmed [5, 83]. Mastocytosis is another 
reported risk factor for anaphylaxis in children. The fre-
quency of perioperative anaphylaxis appears to be higher 

in children with mastocytosis compared to the general 
population [84] therefore the patient should be prepared 
before general anesthesia to prevent further reactions. 
It has been highlighted [85] that there were no studies 
showing a significant increase of specific drug HR in chil-
dren with mastocytosis, except for perioperative anes-
thesia. Finally, Kuyucu S et al. [86] reported that HRs to 
aromatic AEDs in epileptic children are observed more 
frequently in patients with concomitant other immune 
system disorders, systemic lupus erythematosus, infec-
tious diseases, and in those who are under treatment with 
corticosteroids. It has also been shown that the binding 
of AEDs to proteins is decreased in patients with head 
trauma, and therefore, head trauma may be a potential 
risk factor for AED HRs. However, causalities have not 
been conclusively proven for these risk factors.

Concomitant infections
Infections often could act as cofactor in drug HRs [87, 
88]. Caubet et  al. [89] have demonstrated as, even in 
children with positive oral challenge in healthy condi-
tions, a positivity to a virus was recorded in some cases 
(mainly Epstein Barr virus (EBV)). The most notable rash 
is, indeed, the one occurring in patients with EBV infec-
tion and treated with aminopenicillin. This peculiar rash 
has been frequently described since 1960s [90]. Amoxi-
cillin is associated with a 29.5% incidence, but it has been 
described also for other aminopenicillins [91–93]. A 
dose dependent widespread altered lymphocyte stimula-
tion is a possible pathomechanism explaining the onset 
of skin eruption while on antibiotic treatment in patients 
infected by EBV [94]. Other herpes virus, such a Human 
herpes virus 6 (HHV6) and cytomegalovirus (CMV) 
have been associated with similar exanthema. HHV6 has 

Table 2 Correlation between HLA patterns, severe cutaneous adverse reactions, and populations

HLA Type of drug Drug HR and population Reference

B*15:02
B*15:21

Carbamazepine SJS/TEN in Han Chinese in Taiwan, Hong Kong, Thailand, India, but not in Japanese, 
Europeans of non-Asian ancestry

 [45–49]

A*02:01/ Cw*15:02
B*38:01
A*11:01
A*24:02
A*31:01

Phenytoin
Phenytoin and lamotrigine
Carbamazepine
Phenytoin and lamotrigine
Carbamazepine

SCAR in Europeans
SJS/TEN in Europeans
SJS/TEN in Europeans
SJS/TEN, DRESS in Europeans
DRESS in Europe and Japan

 [50]

A*31:01 Carbamazepine Maculopapular eruption/SJS-TEN/ DRESS in Han Chinese, Northern European,  
Japanese, and Korean

 [45–49]

A*32:01 Vancomicin DRESS and liver injury in American and Australian with
European ancestry

 [51]

B*15:02 Phenytoin SJS in Han Chinese in Hong Kong and Thais, but not with MPE among Han Chinese 
from Hong Kong

 [46, 52]

B*58:01 Allopurinol SJS/TEN in Han Chinese from Taiwan [OR 580.3], Thais, Japanese, and Europeans  [50, 53–55]

B*57:01 Abacavir HSR/DRESS in Caucasians [OR 117], but not among blacks. This haplotype has been 
found to be uncommon in Taiwanese Chinese and Korean populations

 [56–58]
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been described in cases of DRESS in association with 
amoxicillin [95–98]. Mycoplasma Pneumoniae has been 
associated with a minor rash, as erythema multiforme, 
but also with SCAR such as Stevens-Johnson Syndrome 
(SJS) [99–101]. Mycoplasma has been also described 
as the main cause of a typical rash and mucositis syn-
drome [102]. Human immunodeficiency virus (HIV) is 
a frequent cofactor in HR to drugs typically used in this 
infection, with an incidence from 3 to 20% [103, 104]. 
HIV infection is also a cofactor in drug HRs to anti-TBC 
drugs, both in children and adults [105]. Saka et al. [106] 
have demonstrated, in a mixed population (children 
and adults) in four sub-Saharan African countries from 
2000 to 2010, that sulfonamides were the first cause of 
drug HRs (38.4%), followed by nevirapine (19.8%) and 
anti-TBC drugs (5.6%). Importantly, HIV was probably a 
cofactor also in the severity of reactions. It has also been 
observed that infants and children seem to develop more 
drug HRs to trimethoprim-sulfametoxazole compared to 
adults and even more severe or life-threatening reactions 
[107–109].

Previous reactions with the same drug and severity
Moral et al. [110] showed that in a group of 503 patients 
under 15  years, allergy to BLs was confirmed more fre-
quently in patients with history of repeated or serious reac-
tions to the drugs. These results were confirmed by a more 
recent study in which patients at risk were considered 
those with history of multiple reactions (two or more) with 
the same of different BLs, those with serious reactions, 
with reactions via parental route and those with immedi-
ate urticaria [111]. Some studies reported that immediate 
reactions have a high probability of being confirmed after 
a diagnostic work-up [112]. Population specific predict-
ing models and artificial intelligence application are based 
on historical risk factors such as history of anaphylaxis or 
multiple episodes [20]. Anyway, a history of recurrent epi-
sodes of HRs in young children does not necessarily cor-
relate with a challenge proven diagnosis [113–115]. In fact, 
at all ages, drug allergy including NSAIDs hypersensitivity 
is more likely to be confirmed in adults than in children. 
Children have less exposure to drugs, and maculopapular 
exanthems due to acute infections are more common [89]. 
Sipahi Cimen et al. [116] have evaluated 214 children with 
suspected mild cutaneous reactions to BLs in a 5-years 
period. BL allergy was diagnosed by oral provocation test 
in 10.7% of children. A history of proven drug allergy was 
the only statistically significant risk factor in the multivari-
ate logistic regression analysis.

Severity of previous reactions
The positive correlation between history of severe reac-
tions and increased risk of BL allergy was reported by 

Ponvert C et al. [38]. On the other hand, several risk fac-
tors (history of asthma, food allergy, multiple operations, 
family history of atopy) [117], seem to increase the prob-
ability of severe reactions in perioperative anaphylactic 
reactions. This conclusion is not confirmed by other pedi-
atric studies where the demographic features including 
age and sex, frequency of atopy, allergic diseases, chronic 
diseases, and family history of allergic diseases were simi-
lar between the patients with and without anaphylaxis, as 
well as between the drug hypersensitive patients and the 
participants without any history of drug HRs [118]. Prior 
data demonstrate that patients who report an anaphy-
lactic history have a 2- to fourfold increased risk of true 
allergy [119]. Anaphylactic history additionally confers an 
increased risk of anaphylaxis during allergy testing [22], 
and cross-reactivity with other BLs [120]. Furthermore, a 
recent study of 182 patients with positive challenge tests 
to BLs showed that the only clinical risk factor for devel-
oping anaphylaxis during drug challenge was an index 
reaction of anaphylaxis, with more than a tenfold risk 
increase observed [121]. The severity and the time latency 
of the reactions seem to be both important in confirming 
drug hypersensitivity. A higher risk of penicillin allergy 
was associated with severe delayed reactions (at any point 
in the past) and severe immediate symptoms (in particu-
lar if occurred within 5 years from the event) [122].

Risk Factors related to the drug
Drug-related factors, including molecular weight, poly-
pharmacy, frequency of exposure, and route of admin-
istration, are reported as additional risk factors for HRs. 
Immunogenicity of drugs is affected by include its abil-
ity to act as a hapten, a prohapten or to bind covalently 
to immune receptors (Pi concept). Thus, certain classes 
of drugs tend to induce a higher rate of drug HR com-
pared with others. This is the case of large macromolecu-
lar drugs (e.g., insulin or horse antisera) or drugs that 
haptenize (bind to tissue or blood proteins and elicit an 
immune response), such as penicillin, that are also associ-
ated with a greater likelihood of causing HRs [123].

Multiple therapies and doses
The risk of reaction increases with the number of drugs 
taken [43] and polypharmacy is considered a constant 
risk factor of HRs [5, 124–126]. Exposure to multiple 
drugs may reduce the threshold at which patients dem-
onstrate allergic responses [127]. In the study by Guvenir 
H et al. [11] children who used a single AED had a lower 
frequency of HRs than those who used multiple AEDs, 
3.8% vs 4.4%, respectively. The same results have been 
observed by Lalic M et al. [128] who additionally demon-
strated that high starting dose AEDs was another risk fac-
tor. Moreover, prolonged high dose repeated exposures 
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after treatment suspension, are more likely to lead to HRs 
than a large single dose since they enhance immune rec-
ognition [80, 129]. Finally, children are at special risks 
for HRs since unfriendly dosing formulations of drugs 
or miscalculation of some health care professional can 
lead to tenfold overdoses in administration of medicine. 
Although children are less likely to be repeatedly exposed 
to drugs that is necessary for sensitization to occur, wide-
spread prescription of certain drugs may theoretically 
increase the risk of sensitization in certain groups of chil-
dren, for instance antibiotic sensitization in children with 

chronic diseases including chronic infections requiring 
multiple drugs therapies (i.e. HIV infections). Anyway, 
most of immediate reactions occurred on first exposure 
without a pre-sensitizing phase required, while delayed 
reactions were more common on regimen with frequent 
interval [130].

Route of administration
Topical, intramuscular, and intravenous routes of admin-
istration are more likely to cause allergic drug reactions 
than oral administration. Moreover, parental administra-
tion is associated with more severe reactions because of a 
more rapid absorption and presentation to immune sys-
tem [80, 129, 131].

Conclusions
So far, focused papers on risk factors for HRs in children 
are lacking, anyway in Tables 3 and 4 risk factors related 
to the drugs and to the host have been summarized, 
respectively. A consensus has been reached on the pre-
disposing role of some factors, especially on that of fam-
ily history and gender. A previous reaction to the same 
or a related drug is the most significant one. History of 

Table 3  Risk factors related to the drugs

Related to the drugs Increased risk References

Polypharmacy Single AED 3.8% vs Multiple AED 
4.4%

11

Route of administration Topical, intramuscular, intrave-
noues route

81, 130, 132

Molecular structures Large macromolecules (insulin) 
or with tendency to haptenize 
(penicillin)

124

Table 4 Risk factors related to the host 

Related to the host Increased risk References

Gender No gender associaton 5, 7–9

Age AEDs in children younger 12 years
VPA related liver injury in children younger 5 years
Lamotrigine related SCAR in children younger 13 years

11–13

Antibiotics
Cefaclor related SSLR in toddlers
Amoxicillin in older age

14, 15, 21

NSAIDs in children 8–18 years 16, 17

Infliximab in younger age 18

Atopy NSAIDs in children with atopy, asthma, chronic urticaria 24–30

Family history Amoxicillin in children with family history 21

Antibiotics, NSAIDs and AEDs in children with strong family history 20

Pharmacogenomics Several specific HLA patterns

Chronic/other diseases Children with impaired liver and kidney functions 81

Children with CF, especially for BLs 5, 82, 83

Mastocytosis, especially for perioperative drugs 86

AEDs in children with epilepsy and other associated immune system disorders 87

Concomitant infections Viral infections 90

Amoxicillin/aminopenicillins in children with EBV infections 91–95

Amoxicillin in children with DRESS and HHV6 infections 96–99

SCARs in children with Mycoplasma Pn infections 100–103

HIV 104–106

Previous reactions Repeated or serious reaction with the same drug 111

Proven reactions to BLs 117

Severe reactions BLs and severe reactions 39

BLs in children wiith a index reactions of anaphylaxis (during drug challenges) 122
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anaphylactic shock, multiple reactions, symptoms occur-
ring within 1 h, family history of drug allergy have been 
reported to be the most important variables for predic-
tion of HRs to BLs [19, 38, 117, 120, 132, 133]. Gener-
ally, young adults are more likely to react than infants to 
certain drugs (i.e. NSAIDs). Although it is believed that 
parental routes of administration, and prolonged or inter-
mittent and repeated dosing regimens (e.g., for CF) [134] 
appear to be more sensitizing than a continuous treat-
ment, or the oral route, high-quality studies on this topic 
are lacking. Polypharmacy is a common risk factor and 
many of these children have impairment in liver or kid-
ney function. Moreover, underlying viral infections, such 
as HHV 6, HIV and EBV, can lead to skin eruptions and 
mimic allergic reactions if a drug (mostly an antibiotic) is 
taken simultaneously, or may act as cofactors in suscepti-
ble individuals [5, 89]. When making treatment decisions, 
clinicians need to maintain the risk–benefit balance. So, 
they should know the very real likelihood of HRs since 
most children do not have a recognizable risk factor. 
Therefore, more studies are needed to create predictive 
models to prevent severe HRs.
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