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Abstract

:

Adverse drug reactions (ADRs) are unexpected reactions to a medication administered in a correct way at a standard dose. Drug-induced skin reactions account for 60–70% of all ADRs. The aim of the study is to determine the prevalence of antibiotic-related dermatological ADR in patients treated in the department of Dermatology, Venerology and Allergology of the University Clinical Center in Gdańsk, Poland, in the years 2004–2021. A retrospective analysis of patients’ medical files was conducted in order to identify cases of ADR connected with the use of antibiotics, yielding 84 cases. The most common group of antibiotics were β-lactam, causing ADR in 47 patients. β-lactam antibiotics in our study included amoxicillin, alone and combined with clavulanic acid, and cephalosporins, affecting 22, 18 and 7 patients, respectively. In conclusion, β-lactam antibiotics showed the highest prevalence among antibiotic-induced skin reactions. They accounted for 15% of cases of all dermatological drug reactions and 55% of those caused by antibiotics. Especially amoxicillin, prescribed as a single drug or in combination with clavulanic acid, was commonly the culprit. Due to its wide use in the hospital and outpatient clinic, these adverse reactions have to be kept in mind by both hospital staff and general practitioners.
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1. Introduction


Based on the definition created by the World Health Organization, an adverse drug reaction (ADR) is “a response to a drug which is noxious and unintended, and which occurs at doses normally used in man for the prophylaxis, diagnosis, or therapy of disease, or for the modifications of physiological function” [1]. While up to 80% of ADRs are considered predictable and dependent on the administrated dose, about 20% are dose-independent and unpredictable [2]. Cutaneous adverse drug reactions can be divided into those not posing a threat to the life of the affected individual and life-threatening reactions. The former manifest as a large variety of skin reactions such as rashes, including a morbilliform rash, urticaria, fixed drug eruption, purpura, or vasculitis [3]. However, certain individuals experience far more severe cutaneous adverse drug reactions (SCAR) than those aforementioned. The term SCAR encompasses cutaneous manifestations such as urticarial and maculopapular exanthema (MPE) and their more severe counterparts, namely, acute generalized exanthematous pustulosis (AGEP), a drug rash with eosinophilia and systemic symptoms (DRESS), Stevens–Johnson syndrome (SJS) and toxic epidermal necrolysis (TEN), the diagnosis of the latter two depending on the percentual extent of skin desquamation [4]. Not seldom the clinical picture is enough for physicians to establish the diagnosis of a cutaneous adverse drug reaction. Furthermore, it is often the patients themselves who link the occurrence of their skin reactions with the intake of a certain drug or change in their medication regimen, such as the addition of a new pharmacological agent or change of its dose. If not, however, a meticulously gathered patient history is often of help. Especially given the fact that, according to MA Riedl et al., the time frame in question when taking patient drug history should include a recording of all prescription and nonprescription drugs taken within the last month, including dates of administration and dosage. Excluding the case of a previous drug sensitization, “the interval between the initiation of therapy and the onset of reaction is rarely less than one week or more than one month” [5]. Nonetheless, even with highly suggestive cutaneous presentations and a corresponding patient history, a dermatological consultation with a potential skin biopsy should be performed in order to establish a definite clinical diagnosis [6]. Out of all drug classes, antibiotics are considered the most common cause of life-threatening immune-mediated drug reactions that are considered off-target, including severe cutaneous adverse reactions [7]. Given the public health importance of antibiotics and the high frequency of antibiotic intake in society, we decided to analyze the prevalence of antibiotic-related dermatological adverse drug reactions in patients treated in the department of Dermatology, Venerology and Allergology of the University Clinical Center in Gdańsk, Poland, in the years 2004–2021.




2. Results


Drug reactions were reported in 84 patients, 65% of whom were women and 35% were men. Among the antibiotics, the β-lactam group was distinguished, including amoxicillin, cephalosporins and amoxicillin–clavulanic acid. These three antibiotics were responsible for 56% of all drug-related reactions.



Among all admissions of patients to the department of Dermatology, Venerology and Allergology of the University Clinical Center in Gdańsk, Poland, in the years 2004–2021, 84 cases were linked to the use of drugs classified as antibiotics. Overall, the following antibiotics were determined to be causative agents in our set of patients: the group of penicillins, represented by amoxicillin prescribed as a sole agent or combined with clavulanic acid, cephalosporins of 2nd and 3rd generation, cefuroxime and ceftriaxone, respectively, the group of lincosamides, including agents such as lincomycin or clindamycin and tetracyclines. Furthermore, folic acid antagonists in the form of trimethoprim/sulfamethoxazole, as well as macrolides, were determined. Fluoroquinolones, metronidazole, vancomycin, nitrofurantoin and rifampin were also found to be causative agents in several patients. The most common group of antibiotics was β-lactams, causing drug-induced skin reactions in 47 patients. β-lactam antibiotics in our study included amoxicillin, alone and combined with clavulanic acid, and cephalosporins, affecting 22, 18 and 7 patients, respectively. 56% of reactions were caused by β-lactam, in comparison to the remaining 44% of cutaneous manifestations after exposure to antibiotics from another group, which has been demonstrated in Figure 1. Another significant group in our research was lincosamides, being the culprit in 18 cases. Five cases of dermatological ADR after tetracyclines were identified. Folic acid antagonists affected four patients and macrolides two patients. Only two cases each were linked to fluoroquinolones and metronidazole. Vancomycin, nitrofurantoin and rifampin were associated with the smallest amount of cases, each affecting one patient. Figure 2 constitutes the visual representation of the aforementioned data.



The drugs that showed the most common side effect were:




	
Amoxicillin (22 cases, 26.2% of all reported cases).



	
Amoxicillin–clavulanic acid and lincosamides (18 cases each, which accounted for 21.4% of all reported cases).








There was a slight difference between the sexes and the incidence of drug reactions in relation to the group of antibiotics. Women experienced more reactions after taking β-lactam antibiotics than men (Figure 3a). As Figure 3b shows, after dividing our group of patients based on their gender, the biggest inequality was observed among patients between ages 81–90, where 8 female patients were affected and only one man. As seen in Table 1, the results could also be analyzed taking the cumulative number and percent under consideration. Dividing the cumulative frequency by the total number of observation yielded a cumulative percentage. In the literature, this value is also known as a running total of the percentage.




3. Discussion


The female gender surely plays a role in the probability of developing a drug-induced reaction. Several studies prove that according to their registry of patients hospitalized due to drug allergy, patients of the female gender were statistically significantly more likely to develop a drug allergy than males [8]. However, interestingly enough, a significant discrepancy in both, the clinical picture and mortality, could not be proven between the two gender groups [9]. Furthermore, a sensitivity based on ethnic background or localization should also be taken into consideration. According to Gerogianni K. et al., genetic associations vary between different ethnic populations [10]. For instance, a study was conducted in order to investigate the prevalence, incidence and sensitization profile of β-lactam antibiotic allergy in Hong Kong by Philip H. Li et al. The outcomes of this study were highly suggestive that patients in Hong Kong with β-lactam antibiotic allergy had much higher rates of monosensitization to benzylpenicilloyl polylysine and benzylpenicilloate, proving these reagents to be essential in β-lactam antibiotic skin tests. Furthermore, yielding the question, whether such sensitization is specific to ethnicity or region [11]. Additionally, if so, can drug allergies and drug-induced cutaneous skin reactions be predicted solely on the ethnic profile of the population in the region? So far, various algorithms have been created in order to evaluate adverse drug reactions, drug hypersensitivity and allergy. One of the most often referred to was created by the European Network for Drug Allergy (ENDA). The organization has created numerous diagnostic algorithms in order to facilitate the evaluation of immediate [12] and nonimmediate reactions [13]. An algorithm strictly based on adverse drug reactions expressed on the skin and correlated with patients’ ethnic background, however, might be of benefit.



A study from Silviu Dan F. et al., on the other hand, focused on the frequency of skin test reactions to side chain penicillin determinants. It showed that of 21 patients, the reactivity of a skin test was in 47.6% limited to semisynthetic penicillin reagents derived from ampicillin, amoxicillin or cloxacillin. Furthermore, in the study conducted, it was ampicillin and amoxicillin which were the semisynthetic p-lactams responsible for the biggest quantity of clinical reactions—ampicillin with 24.1% and amoxicillin being responsible for 33.9% of reactions. Additionally, the same study also showed that ampicillin was, apart from derivatives of benzylpenicillin, the most common derivative of penicillin in which skin tests noted a reactivity in 38.1% of cases. In comparison, a 52.3% of skin test reactivity was noted with benzylpenicillin derivatives [14]. In our study, β-lactam antibiotics denoted the vast majority of drug-induced skin reactions, which was consistent with other studies. In fact, when analyzing adverse drug reactions with an underlying immunologic mechanism, β-lactams are the most important culprits according to Dewdney J.M. Due to their frequent involvement and wide distribution, they are also the antibiotics considered the most thoroughly researched [15]. This can be directly or indirectly connected to their accessibility and high consumption [16].



A lot of research focuses on hypersensitivity reactions to β-lactam antibiotics in childhood. For example, Blanca, et al.’s article focused solely on the outcomes in the pediatric population [17]. In light of our median age of the patients and high age range of the group of patients we gathered, we believe the next step would be to thoroughly examine and research the pediatric population based on the antibiotic or group of antibiotics being the causative agents, the age at the time of the first manifestation of the symptoms and, also, the type of dermatological reaction connected with them.



Nonetheless, the misdiagnosis of a cutaneous adverse drug reaction, drug hypersensitivity or allergy can also be detrimental. Misdiagnosing an individual with a drug allergy yields to limiting their drug regimen and diminishing possible therapeutic options. As previously mentioned, there is a higher consumption of these drugs, they are widely distributed and easy for both physicians and patients to access. The results of a study by Nelson A. et al. allowed the conclusion that the incorrect diagnosis of penicillin allergy frequently leads to the exclusion of this drug as a therapeutic option. A better recognition of these situations will enable the use of penicillin and reduce the risks associated with hypersensitivity [18].



Diagnostics of cutaneous drug eruptions is hampered by the fact that one drug may induce different eruptions while the same cutaneous eruption can be caused by several drugs [19]. An option worth considering is implementing an algorithm encompassing the performance of a clinical or laboratory assay into daily practice, in order to correctly assess a possible cutaneous adverse drug reaction. Goldberg, et al. analyzed a large variety of tests, including the radioallergosorbent test (RAST), mast cell degranulation test, lymphocyte transformation test, lymphocyte toxicity assay, as well as the test for the diagnosis of reactions that involve immune complexes, the macrophage migratory inhibition factor test and interferon-gamma release test [20]. Research by Halevy S et al. also suggests that the in vitro drug-induced IFN-gamma release test may serve as a diagnostic tool in cutaneous adverse drug reactions [21], not only to diagnose the reaction itself, but also to aid finding the pharmacological culprit [22].



Posing an incorrect diagnosis of penicillin or β-lactam allergy also carries another risk. It yields shifting the pharmacologic therapy to cephalosporins. However, there are increasing amounts of reports proving that this group of antibiotics also causes a significant amount of adverse drug reactions. As stated by the review by ME Pichichiero, who retrieved 219 articles out of which 106 served as source material, a significant increase in allergic reactions to cephalothin, cephaloridine, cephalexin, cefazolin and cefamandole was observed in patients considered to be penicillin-allergic. According to his work, no increase was observed with cefprozil, cefuroxime, ceftazidime or ceftriaxone. The cross-allergy between penicillins and cephalosporins is attributed to similarities in side chains. In order to establish a prediction of a cross-allergy, clinical challenges, skin testing and studies based on monoclonal antibodies can be taken under consideration [23].



In our study, a considerable amount of dermatological manifestations of adverse drug reactions due to antibiotics were linked to lincosamides. Lincosamides include two important agents, lincomycin and clindamycin [24]. As antibiotics, they bind to the 23S RNA and block the activity of the bacterial ribosome, effectively inhibiting protein synthesis [25]. Clindamycin is usually much more active than lincomycin in the treatment of bacterial infections, in particular those caused by anaerobic species [26]. Numerous studies, such as the one proving their effectiveness also in dermatology by treating uncomplicated skin infections such as cellulitis or abscesses [27]. However, there are increasing case reports on dermatological manifestations of ADR due to lincosamides. For instance, acute generalized exanthematous pustulosis due to clindamycin [28]. Acute generalized exanthematous pustulosis (AGEP) is a severe pustular cutaneous adverse drug reaction. It is a reaction characterized by sterile, non-follicular pustules overlying the erythematous skin [29]. It was previously associated mainly with the intake of β-lactam and macrolide antibiotics [30,31]. Recently, the manifestations of AGEP have been increasingly connected to lincosamide antibiotics as well, particularly clindamycin [32]. Furthermore, the article by De Cruz R et al. reporting a localized acute exanthematous pustulosis (ALEP) induced by clindamycin in pregnancy [33] is a reminder that proves not only that similar to many skin reactions exanthematous pustulosis can be generalized or local, but also the importance and cautiousness needed in managing a pregnant patient and prescribing antibiotics to them. Antibiotics can not only cause adverse cutaneous drug reactions in this set of patients, but also carry a wide variety of risks of malformations or pyloric stenosis or the risk of a spontaneous abortion [34,35].




4. Materials and Methods


Retrospective analysis of medical files of 84 patients experiencing dermatological adverse drug reactions connected with the use of antibiotics was conducted in order to thoroughly analyze them.



We investigated cases of patients admitted to the ward in the years 2004–2021. The amount of patients was different each year. Between 2004 and 2010, there was a necessity to find data in the hospital archives. After the year 2010, it was possible to find information about the patients in the hospital’s online system.



All the patients experiencing adverse drug reactions during this period of time were divided into smaller subgroups based on the pharmacological groups of causative medication. This study focused on our findings connected solely with the intake of antibiotics.



A table was created in order to analyze the researched group based on the patient’s age, gender and the antibiotic which was stated to be the culprit.



The entire research based on the findings is listed in aforementioned Table and encompassed solely the patients included in the stated Table.



In order to verify the researched data, statistical analyzes were carried out using the Statistica 13 package. Descriptive statistics were analyzed with its use.




5. Conclusions


Despite the study being quite preliminary in the present form and its retrospective character, the following conclusions could be determined. β-lactam antibiotics showed the highest prevalence among antibiotic-induced skin reactions. They accounted for 15% of cases of all dermatological drug reactions and 55% of those caused by antibiotics. Especially amoxicillin, prescribed as a single drug or in combination with clavulanic acid, can be the culprit. Due to its wide use in the hospital as well as in the outpatient clinic, these adverse reactions have to be kept in mind by both hospital staff and general practitioners. Furthermore, cutaneous adverse drug reactions connected with the intake of lincosamides must also not be forgotten, as those pharmacological agents are commonly used, but, simultaneously, also account for a large number of adverse drug reactions manifesting dermatologically.
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Figure 1. Percentage of β-lactams partaking in cutaneous drug reactions after exposure to antibiotics. 
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Figure 2. Percentage of cutaneous drug reactions depending on the type of antibiotic being the causative agent. 
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Figure 3. Analysis of the group based on gender. (a) Correlation between and the type of antibiotic group causing cutaneous adverse drug reaction; (b) sex distribution based on age. 
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Table 1. The prevalence of drug reactions depending on the antibiotic.
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	Class
	Number
	Cumulative Number
	Percent
	Cumulative Percent





	Amoxicillin
	22
	22
	26.19048
	26.1905



	Co-Amoxiclav
	18
	47
	21.42857
	55.9524



	Lincosamides
	18
	68
	21.42857
	80.9524



	Cephalosporins
	7
	29
	8.33333
	34.5238



	Tetracyclines
	5
	83
	5.95238
	98.8095



	SMX-TMP
	4
	78
	4.76190
	92.8571



	Fluoroquinolones
	2
	49
	2.38095
	58.3333



	Macrolides
	2
	70
	2.38095
	83.3333



	Metronidazole
	2
	72
	2.38095
	85.7143



	Clarithromycin
	1
	50
	1.19048
	59.5238



	Nitrofurantoin
	1
	73
	1.19048
	86.9048



	Rifampin
	1
	74
	1.19048
	88.0952



	Vancomycin
	1
	84
	1.19048
	100.0000







The drugs that showed the most common side effect were amoxicillin, accounting for 22 cases, 26.2% of all reported cases, and co-amoxiclav and lincosamides, each of the latter two responsible for 18 cases, which accounted for 21.4% of all reported cases. Women experienced more reactions after the intake of β-lactam antibiotics. Age-wise, the group was quite broad, ranging from 2 to 89 years. The mean age of the patients was 50.79 with a median of 53.5 years.
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