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Allergic reactions to oral drugs: a case/non-case study from an Italian spontaneous reporting 

database (GIF). 

 

Abstract 

 

Despite the wide number of studies investigating on drug-induced allergy, limited data focused on 

allergies associated with orally administered drugs are available. 

The aim of the study is to evaluate allergic drug reactions associated with oral drug use, using an 

Italian spontaneous reporting database of adverse drug reactions (ADRs). 

Spontaneous reports associated with oral drugs retrieved from seven Italian regions (GIF research 

group), collected from 1988 to 2006, were analysed. Association between drugs and allergic 

adverse reactions was assessed using the case/non-case method, calculating the ADR reporting odds 

ratio (ROR) as a measure of disproportionality. 

Overall, 27,175 reports of adverse reactions related to oral drug use were analysed; of these, 3,143 

(11.6%) were judged as allergy cases. Paediatric patients (<15 years) and in-patients (p<0.001) 

were more represented in cases than in non-cases. Antibiotics and Non-Steroidal Antinflammatory 

Drugs (NSAIDs) were the only two drug classes associated with a significant increase of ROR. 

Regarding antibiotics, cinoxacin (6.88; 95%CI 4.19-11.29) and moxifloxacin (4.20; 95%CI 3.19-

5.55) were related to the highest ROR values, while propionic acid derivates (ROR 2.75; 95%CI 

2.30-3.28), and in particular ibuprofen (4.20 95%CI 3.13-5.63), have shown the highest ROR 

values among NSAIDs. 

The results of the present paper confirm the higher frequency of allergic reactions with oral 

antibiotics and NSAIDs, although more data are needed. Given the widespread use of these drug 

classes (some of them being purchased as over the counter drugs), awareness should be raised 

among patients and prescribers about these risks. 
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Introduction 

Despite a wide number of papers evaluating drug-induced allergy being available, its magnitude is 

particularly difficult to estimate (1-3). In fact, clinical manifestations are very heterogeneous, 

ranging from non-serious adverse reactions (e.g. localized erythema or rash) to potentially life-

threatening reactions (like anaphylactic shock or laryngeal oedema). In addition, many adverse drug 

reactions (ADRs) suggesting an immunologic origin might be linked to a non-allergic aetiology (4). 

Moreover, every drug may cause an allergic reaction, including those used for treatment of 

allergies, like antihistamines and glucocorticoids (5,6). Available data regards in particular either 

serious drug allergies like anaphylaxis or bullous reactions, or single classes of drugs related to 

allergy (e.g. beta-lactams) (7-8). From this data, it has been found that allergic reactions are 

frequently associated with antibiotics (beta-lactams and quinolones in particular), and Non-

Steroidal Antinflammatory Drugs (NSAIDs) (9-11).  

It is well known that an increased frequency of hypersensitivity reactions is associated with 

parenteral administration of drugs, mainly due to specific components of parenteral formulations 

(e.g. stabilizers) (12-14). However, every administration route has been related to allergic reactions 

(7). Nevertheless, limited data focusing on allergies associated with oral administration of drugs is 

available in the literature (15).  

Thus, the aim of this study was to evaluate allergic drug reactions due to orally administrated drugs, 

using an Italian spontaneous reporting database of adverse drug reactions.  
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Methods 

The database of the Italian Interregional Group of Pharmacovigilance (GIF) was analysed. This 

database collects all spontaneous reports of suspected ADRs from seven regions of Italy: the 

Veneto, the Autonomous Province of Trento, Lombardy, Sicily, Emilia-Romagna, Friuli-Venezia-

Giulia, and Tuscany. 

The GIF activities are focused on research and educational programmes in the field of 

pharmacovigilance. The participating regions have their own Regional Pharmacovigilance Centre 

and represent together a population of about 19 million inhabitants (48.9% of the total Italian 

population); however, about 75% of all Italian reports come from these regions, with a reporting 

rate three times higher compared with other Italian regions (167 reports per 100,000 

inhabitants/year versus 54). Analyses of the GIF database are performed every 6 months, with the 

aim to identify potential alarm signals.  

All reports of adverse reactions associated with oral drug use, collected between 1988 and 2006, 

were selected. Drugs were grouped according to the Italian ‘Sistema Codifa’, that is linked to the 

Anatomical Therapeutic Chemical (ATC) classification. Reactions were classified according to the 

WHO Adverse Reaction Terminology (16). Reports involving at least one parenteral drug, either 

those associated with vaccines or not describing the administration route of suspected drugs were 

excluded from the analysis.  

Each report was classified according to the WHO criteria for causality assessment and only reports 

with a ‘certain’, ‘probable’ or ‘possible’ causality assessment were included in the analysis (17). 

The study design consisted in a case/non-case approach, a validated method used in spontaneous 

reporting analyses since 2002 (13). 

Patients were defined as “cases” if their clinical manifestation complied with at least one of these 

criteria:  

1. Reports with “preferred term” of anaphylactic shock or anaphylactoid reactions (defined 

according to WHO-ART dictionary). Patients with at least 2 symptoms of shock (e.g. 
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diaphoresis, itching or dispnoea) associated with a blood pressure reduction were also 

included. 

2. Adverse reactions with a time of event onset suggesting an allergic reaction, involving at 

least two of the following systems/organs: skin and appendages, respiratory system, 

gastrointestinal system, central nervous system and cardiovascular system. 

3. Cutaneous reactions, with a time to onset of the event suggesting an allergic reaction in 

patients not included in the previous categories.  

All of the cases were analysed in detail and validated by an ad hoc panel of experts including 

toxicologists, clinical pharmacologists and pharmacists. All other reports included in the GIF 

database were defined as “non-cases”. 

The frequency of the association between allergy and the suspected drug was calculated using the 

ADR reporting odds ratio (ROR) as a measure of disproportionality (18-20). Odds ratios and their 

95% confidence intervals (CIs) were calculated using Epi Info TM1 (Version 6) software.  

Characteristics of the two groups of patients were compared using the χ2 or Student’s t-test, when 

appropriate. 

 



Page 7 of 27

Acc
ep

te
d 

M
an

us
cr

ip
t

 5

Results 

At the time of the analysis, the GIF database contained 45,673 reports of suspected ADRs. Of these, 

28,002 were associated with orally administered drugs; 827 were excluded from the analysis, 700 

because they were incomplete, and 127 because of ‘unlikely’, ‘unclassified’ or ‘unclassifiable’ 

causality assessment according to WHO criteria. Therefore, the study was conducted using 27,175 

reports, representing 59.4% of total reports collected in GIF database.  

Overall, 3,143 (11.6%) cases were identified. Table 1 shows allergic reactions according to the 

three different categories described above.  

Table 2 shows the characteristics of patients both for cases and non-cases. Cases were more often 

paediatric patients (<15 years) or inpatients (p<0.001) compared to non-cases. Conversely, fatal 

reactions were more frequent in non-cases than in cases (p<0.001). Figure 1 shows cases and non-

cases stratified by age (paediatric patients, then by decade). Patients up to 54 years old were more 

often cases than non-cases as compared to those aged above. Moreover, 53.1% of cases belonged to 

one of the first three age groups.  

Table 3 shows the drug classes (coded by first ATC level) implicated in a minimum of 30 allergic 

reaction reports. Anti-infectives for systemic use (ROR 2.92; 95%CI 2.71-3.15) and musculo-

skeletal system drugs (plus aspirin) (ROR 1.65; 95%CI 1.51-1.81) were the only two drug classes 

significantly involved in cases, accounting for more than 70% of the total number of cases. In 

particular, antibiotics and NSAIDs were the only two classes associated with a significant increase 

of ROR. Furthermore, despite all classes of antibiotics being positively associated with allergy, the 

highest rate regarded “other quinolones” (ATC code J01MB that includes cinoxacin and pipemidic 

acid), while macrolides (ATC code J01FA that includes clarithromycin and erithromycin) showed 

the lowest association (Table 4). Figure 2 reports ROR values for single antibiotics involved in at 

least 20 cases. The highest ROR values were related to cinoxacin (6.88; 95%CI 4.19-11.29) and 

moxifloxacin (4.20; 95%CI 3.19-5.55). 
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Table 5 reports different NSAIDs plus aspirin associated with at least 20 cases of allergy, classified 

according to their fourth ATC level. Propionic acid derivatives (M01AE) were the most frequently 

involved chemical class of NSAIDs (ROR 2.75; 95%CI 2.30-3.28), while oxicams (M01AC) were 

not associated with allergic reactions in comparison with the other drugs collected in the database 

(ROR 0.86; 95%CI 0.58-1.29). Figure 3 reports ROR values for single NSAID molecules (with at 

least 20 cases) and aspirin; ibuprofen was associated with the highest ROR (4.20; 95%CI 3.13-

5.63). Celecoxib (ROR 1.30; 95%CI 0.95-1.77) and rofecoxib (ROR 0.99; 95%CI 0.67-1.44) were 

not found to be connected with allergic reactions (the latter was withdrawn from the market in 

2004).  
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Discussion 

To our knowledge, this is the first study investigating allergies related to orally administered drugs 

using data from spontaneous reporting of suspected ADRs. The results suggest that allergic 

reactions were rather frequently associated with oral drugs (11.6% of adverse reactions reported for 

orally administered drugs), most of which being antibiotics (in particular cinoxacin and 

moxifloxacin) and NSAIDs (in particular propionic acid derivates, ibuprofen and ketoprofen), with 

younger patients being most frequently involved. 

Weaknesses of ROR methodology are well documented in literature (21). Indeed, a quantification 

of risks is not possible, because adverse events are always under-reported. However, since 

underreporting is supposed to be more or less of the same magnitude for all drugs, it is possible to 

identify those drug-adverse event pairs that emerge from comparison of their frequency with respect 

to others within the same data source (22). Furthermore, disproportionality in the analysis of 

spontaneous reports can be lessened if one drug or drug class-specific reaction is widely reported, 

because this attenuates the association by increasing the frequency of the drug in non-case reports 

(23,24). 

Another problem occurs in the selection of cases from a spontaneous reporting database. In this 

study, a part of drug allergies reported by caregivers may have been missed because of the selection 

criteria applied. Moreover, in spite of the evaluation of single cases by physicians, pharmacists, and 

pharmacologists, it is impossible to confirm hypersensitivity mechanisms in selected reactions. 

Finally, even if some drugs were withdrawn from the market on the base of spontaneous reports 

analysis only (25,26), usually a definite association cannot be provided using only such studies, but 

requires complementary post-marketing safety assessment (e.g. cohort and case–control studies). 

However, given the clinical features of allergies (generally occurring soon after drug exposure and 

resolving after its withdrawal) we are quite confident that cases included in the analysis were indeed 

immuno-mediated reactions. 
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The study reports no difference in terms of gender between cases and non-cases, but shows a 

considerable difference in mean age (48.0 years for cases and 55.0 for non-cases), cases being 

significantly more often under 15 years of age than non-cases (p<0.001). This result could be 

explained by a higher susceptibility in younger patients to develop allergic drug reactions (27) but 

may also be due, at least in part, to a possible selective over-reporting of this kind of reaction in 

paediatric patients, who are strictly cared for by parents that tend to report every unusual finding to 

their paediatricians during the first stages of treatment (28). In this context, a possible distortion of 

safety data must be taken into account when drug allergies regarding children are considered. 

In line with previous studies, inpatients were more associated with drug allergy than outpatients (24, 

29-31). This finding is probably due to intensive diagnostic and therapeutic procedures, but it has 

been suggested that nearly 10% of ADRs occurring in hospitalised patients are directly due to poor 

appreciation of drug allergies (32).  

Allergy induced by oral drugs showed lower frequency of mortality than other reactions. This result 

is certainly influenced by case selection, including also non-serious reactions such as urticaria or 

cutaneous rash. Moreover, this result supports previous reports suggesting that fatal allergies are 

more frequent when drugs are parenterally administered (13,24). 

Results on drug classes are in accordance with all previous findings, indicating that antibiotics and 

NSAIDs are those most frequently associated with allergic reactions. Among antibiotics, the 

strongest association was found for “other quinolones” (ATC code: J01MB), with cinoxacin 

strongly contributing to this result. This drug is known to cause hypersensitivity reactions, and is 

particularly associated with anaphylactic shock (10,24,33,34). Stricker et al. (1988) reported that a 

possible increase of drug allergies related to quinolones might be expected, noting the constant rise 

in their use and the commercialisation of several newer antibiotics of the same class (10). 

Interestingly, moxifloxacin, the latest fluoroquinolone marketed in Italy, showed a significant 

association with allergies. However, despite contradictory findings reported in the literature (35,36). 

the Italian Regulatory Agency (AIFA), in accordance with Bayer, recently issued a “Dear Doctor 
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Letter” to increase the awareness of caregivers on the risk of serious and potentially fatal 

hypersensitivity adverse reactions [e.g. Fulminant hepatitis, Stevens-Johnson Syndrome (SJS) and 

Toxic Epidermal Necrolysis (TEN)] associated with moxifloxacin (37).  

Regarding beta-lactams, all available oral classes showed similar frequencies for allergic reactions, 

but combinations of penicillins (amoxicillin plus clavulanic acid) showed the highest ROR value. A 

recent study performed on GIF database has noted an increased risk towards developing drug 

related hepatitis, SJS and TEN when compared to non-protected amoxicillin (20). Hautekeete et al. 

(1999) found a significant association between a human leukocyte antigen (HLA) haplotype and 

drug-induced immuno-allergic hepatitis, suggesting an ‘immunologic idiosyncrasy’, at least 

partially mediated through HLA class II antigens (38). This explanation might be applied also to 

amoxicillin/clavulanic acid-induced SJS and TEN and other hypersensitivity reactions, and may 

explain, at least in part, its higher value. These findings should be taken into account before 

prescribing this drug, in particular in high-risk situations, such as a convincing allergic reaction to 

penicillin having occurred within the previous 1-5 years (39,40). Moreover, it may be interesting to 

apply the same precaution in the presence of atopy or asthma although these are not unanimously 

recognised risk factors (4,43).  

Regarding oral cephalosporins, cefaclor accounted for the highest number of cases, largely 

occurring in paediatric patients (data not shown), and its ROR value was similar to that of other 

beta-lactams. However, further investigation is required because these findings may be due to a 

more frequent utilization of this drug in childhood, where a probable higher susceptibility to allergic 

drug reactions (and a selective over-reporting) has been suggested, as discussed above (28,42).  

This study confirms the association between NSAID use and allergies (11,13,24,43,44). 

Interestingly, oral propionic acid derivates were associated with a noteworthy higher frequency of 

allergic reactions. Ibuprofen and ketoprofen were associated with the highest ROR among NSAIDs, 

indicating a possible class-effect. Díaz Jara et al. (2001) have previously considered selective 

allergic properties related to propionic acid derivates, including ibuprofen and ketoprofen (45). A 
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retrospective study performed on children showed that a large part of reactions associated with 

ibuprofen was based on an allergic mechanism of action (46). Another study showed that in 55,785 

children treated with ibuprofen, 44 developed asthma, 20 gastritis, 8 low white cell count, 4 

abdominal pain and 3 erythema multiforme, as a result of treatment (47). Moreover, to date 

ibuprofen is the only NSAID associated with delayed multiorgan hypersensitivity reactions 

(48,49).Several studies evidence the sensitisation property of ketoprofen, with contact dermatitis 

and photoallergy being the most common reactions when applied topically (15,50,51). It has been 

hypothesized that the diphenylketone group of ketoprofen plays a key role in contact sensitization 

or photocontact sensitivity (52).  

It is also important to note that phenylpropionic acid derivative group of NSAIDs (ibuprofen, 

ketoprofen, oxaprozin, naproxen and nabumetone), are reported to be associated with 

pseudoporphyria (53).  

The present study seems to confirm the hypothesis regarding propionic acid derivates are at a higher 

risk of inducing allergies compared to other NSAID classes. In the absence of more complete 

information, prescriptions of propionic acid derivates should be carefully considered in patients 

with a positive history of NSAID allergy, atopy and asthma (46, 54-57).  

Finally, although two previous studies indicated a higher frequency of anaphylaxis with diclofenac 

(13,24), the present study did not confirm this risk. The differences may be due to the case 

selections, comprehending not only anaphylactic reaction but also other allergic reactions, or may 

be due to the exclusion of parenteral diclofenac administration.  

In conclusion, the analysis of spontaneous reports of adverse reactions to oral drugs collected in the 

GIF database indicates that 11% of cases have an allergic basis. Drug classes mostly related to 

allergies are NSAIDs and antibiotics. In particular, among the former, a class effect involving 

propionic acid derivates clearly emerges, while within the antibiotic class quinolones appear to be 

more frequently implicated, with cinoxacin and moxifloxacin being the two active principles 

associated with the highest ROR values. Further investigation is required to confirm these results 
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and, possibly, to evaluate the contribution of single molecules to the occurrence of allergic 

reactions. Furthermore, given the widespread use of these drug classes (some of them being 

purchased over the counter), awareness should be raised among patients and prescribers about these 

risks. For instance, the incidence of these and other severe drug-induced adverse events should 

always be reported in the Summary of Product Characteristics. In addition, despite a considerable 

number of post-marketing studies comparing the relative risk of developing immuno-mediated 

adverse reactions among different drugs of the same class are today available, often this information 

is not adequately brought to the attention of prescribers. Generally speaking, we think that 

providing adequate information and improving communication with health professionals and 

patients is a crucial issue. An important role may also be played by continuing medical education 

training courses, that should be more addressed toward the safety and the appropriate use of drugs, 

rather than their efficacy, in order to increase adherence to practice guidelines and avoid 

preventable adverse reactions. 
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Tables 

 

Table 1. Cases according to definitions. 

Definition Number (%) 
Anaphylactic shock or anaphylactoid reactions 280 (8.9) 
ADRs suggesting allergic reactions involving two systems/organs 888 (28.2) 
Other skin reactions suggesting allergic reactions 1975 (62.8) 
Total 3143 (100.0) 
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Table 2. Characteristics of cases and non-cases. 

Pt Charateristics Cases 
(n=3143) 

Non-cases 
(N=24032) 

 Female, n (%) 1933 (61.5) 14569 (60.6)
 Mean Age*, years (±SD) 48.0 (21.4) 55.0 (20.8) 
 < 15 years**, n (%) 228 (7.2) 1076 (4.5) 
 Inpatient**, n (%) 1378 (43.8) 9197 (38.3) 
 Fatal ADRs**, n (%) 9 (0.3) 248 (1.0) 
 Polytherapy*, n (%) 1312 (41.7) 10535 (43.8)
*p<0.05; **p<0.001 
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Table 3. Cases and non-cases per drug classes (1° level ATC). 

Class Drug (1 Level ATC code)* Cases 
3143 (%) 

Non-cases
 24032 (%) ROR (95%CI) 

Anti-infectives for systemic use  1437 (45.7) 6436 (26.8) 2.92 (2.71-3.15) 
Musculo-skeletal system plus aspirin 798 (25.4) 4102 (17.1) 1.65 (1.51-1.81) 
Nervous system 484 (15.4) 3906 (16.3) 0.94 (0.85-1.04) 
Cardiovascular system 237 (7.5) 6288 (26.2) 0.23 (0.20-0.26) 
Alimentary tract and metabolism 209 (6.6) 1800 (7.5) 0.88 (0.76-1.02) 
Respiratory system 159 (5.1) 698 (2.9) 0.18 (0.15-0.21) 
Blood and blood forming organs 46 (1.5) 1090 (4.5) 0.31 (0.23-0.42) 
Genito urinary system and sex hormones 42 (1.3) 757 (3.1) 0.42 (0.30-0.57) 
*Class drug with at least 30 reports of hypersensitivity reactions. 
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Table 4. Reports with Antibiotics in cases and non-cases (at least 20 cases). 
Definition (ATC code) Cases Non-cases ROR (95% CI)
Fluoroquinolones (J01MA) 387 1513 2.09 (1.85-2.36)
Narrow-spectrum pencillins (J01CA) 272 998 2.19 (1.90-2.52)
Combinations of penicillins (J01CR) 271 855 2.56 (2.21-2.96)
Macrolides (J01FA) 183 984 1.45 (1.23-1.71)
Combinations of sulfonamides and trimethoprim (J01EE) 90 449 1.55 (1.22-1.96)
Second-generation cephalosporins (J01DC) 51 176 2.24 (1.61-3.09)
Other quinolones (J01MB) 41 62 5.11 (3.37-7.73)
Third-generation cephalosporins (J01DD) 38 156 1.87 (1.29-2.71)
 



Page 24 of 27

Acc
ep

te
d 

M
an

us
cr

ip
t

Table 5. Reports with NSAIDS (plus aspirin) classes (at least 20 cases). 

Definitions (ATC code) Cases Non-cases ROR (95% CI)
Other anti-inflammatory and antirheumatic agents, non-steroids
(M01AX) 190 792 1.89 (1.60-2.23)

Propionic acid derivatives (M01AE) 182 526 2.75 (2.30-3.28)
Aspirin (B01AC06 and N02BA01) 171 901 1.48 (1.24-1.75)
Acetic acid derivatives and related substances (M01AB) 85 379 1.73 (1.36-2.22)
Oxicams (M01AC) 29 256 0.86 (0.58-1.29)
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Figures 

 

Figure 1. Cases and non-cases group age. 
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Figure 2. Antibiotics ROR and 95%CI of with at least 20 cases. 
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AMC: Amoxicillin/clavulanic acid 270 cases and 844 non-cases; AMX: Amoxicillin 226 cases and 

842 non-cases; LVX: Levofloxacin 190 cases and 423 non-cases; SXT: 

Sulfamethoxazole/Trimethoprim 90 cases and 446 non-cases; CIP: Ciprofloxacin 89 cases and 381 

non-cases; MXF: Moxifloxacin 86 cases and 160 non-cases; CLR: Clarithromycin  79 cases and 

391 non-cases; AZM: Azithromycin 49 cases and 181 non-cases; LOM: Lomefloxacin 37 cases and 

152 non-cases; BMC: Bacampicilline 35 cases and 131 non-cases; CIN: Cinoxacin 33 cases and 37 

non-cases; CEC: Cefaclor 27 cases and 98 non-cases; NOR: Norfloxacin 20 cases and 110 non-

cases. 
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Figure 3. NSAIDS (with aspirin) and 95%CI of with at least 20 cases. 

-1

0

1

2

3

4

5

6

ROR 1,48 2,01 4,20 2,78 1,82 1,30 1,99 0,99

CI- 1,24 1,67 3,13 2,05 1,34 0,95 1,37 0,67

CI+ 1,75 2,40 5,63 3,77 2,47 1,77 2,88 1,44

Aspirin Nimes Ibupr Ketopr Diclof Celec Napr Rofec*

 
Aspirin 171 cases and 901 non-cases; Nimesulide 162 cases and 634 non-cases; Ibuprofen 75 cases 

and 139 non-cases; Ketoprofen 61 cases and 170 non-cases; Diclofenac 55 cases and 233 non-cases; 

Celecoxib 50 cases and 296 non-cases; Naproxen 38 cases and 147 non-cases; Rofecoxib 33 cases 

and 256 non-cases (*withdrawn from the market in 2004). 

 

 


