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Adverse events associated to antimicrobial compounds in a general Hospital in Chile. 
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Abstract 

Background. Antimicrobial compounds are associated to a wide range of adverse events (AE) and some of them can be potentially preventable. Aims: To characterize AE associated to antimicrobial compounds. Patients and methods. Retrospective analysis of AEs reported to the National Pharmacovigilance System from 2014 to 2017 in a regional hospital. Severity, causal and preventability analysis was included. Main results. Sixty events were observed in 56 patients (2 months-96 years). Cases were registered mostly in admitted patients. Most frequent AEs were skin disorders (56.7%), followed by hepatobiliary (13.3%), and CNS events (10%). Blood, kidney, respiratory gastrointestinal and immunological disorders were less frequently registered, including cases with anaphylactic shock and Stevens-Johnson syndrome (SJS).  Causal analysis indicated a definitive association in 8.3%, probable in 70% and possible in 21.7%. Skin lesions were mostly associated to beta-lactams, hepatobiliary disorders to antituberculous drugs and CNS manifestations to carbapenems. Cutaneous, neurological and hepatobiliary events presented at a median of 4, 2.5 and 10.5 days, respectively. AEs were managed with withdrawal of the suspected drug (83.3%) and other auxiliary therapies. AEs were categorized as severe (21.7%) and one case with SJS had a fatal outcome (1.7%). Preventability analysis revealed 25% of potentially avoidable events. Conclusions. Results of this work reveal that antimicrobial AE involved a wide diversity of compounds, occurred in different hospitalization units, affected patients of a wide age range and attacked different systems or organs. Furthermore, some of them were serious, even fatal, and an important fraction was potentially avoidable.
Resumen 

Antecedentes. Los compuestos antimicrobianos están asociados a una amplia gama de eventos adversos (EA) y algunos de ellos pueden ser potencialmente prevenibles. Objetivos: caracterizar los EA asociados a compuestos antimicrobianos. Pacientes y métodos. Análisis retrospectivo de EA reportados al Sistema Nacional de Farmacovigilancia desde 2014 la 2017 en un hospital regional. Se incluyó un análisis de gravedad, causalidad y de posible prevención. Resultados principales. Se observaron 60 eventos en 56 pacientes (2 meses-96 años). Los casos se registraron principalmente en pacientes hospitalizados. Los EA más frecuentes fueron los trastornos de la piel (56,7%), seguidos de los hepatobiliares (13,3%) y del SNC (10%). Los hematológicos, renales, respiratorios, gastrointestinales e inmunológicos se registraron con menos frecuencia, incluidos casos con shock anafiláctico y con síndrome de Stevens-Johnson (SSJ). El análisis de causalidad indicó una asociación definitiva en 8.3%, probable en 70% y posible en 21.7%. Las lesiones cutáneas se asociaron principalmente a betalactámicos, los trastornos hepatobiliares a fármacos antituberculosos y las manifestaciones del SNC a carbapenémicos. Los eventos cutáneos, neurológicos y hepatobiliares se presentaron en una mediana de 4, 2,5 y 10,5 días, respectivamente. Los EA se manejaron con el retiro del fármaco sospechoso (83,3%) y otras terapias auxiliares. Los EA se clasificaron como graves (21,7%) y un caso con SSJ tuvo un desenlace fatal (1,7%). Un  25% de los eventos fue potencialmente evitable. Conclusiones. Los resultados de este trabajo revelan que los AE por antimicrobianos involucran una amplia diversidad de compuestos, ocurren en diferentes unidades de hospitalización, afectan a pacientes de un amplio rango de edad y atacan diferentes sistemas u órganos. Además, algunos de ellos son graves, incluso fatales, y una fracción importante es potencialmente evitable
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Introduction
Antimicrobials compounds have reduced  morbidity and mortality of  infectious diseases. But they are associated to  adverse events (AE) that can be  approached from the perspective of the affected system or organ (skin lesions, hepatotoxicity, etc.), by the type or family of compounds (i.e. beta-lactams), pathologies involved (HIV / AIDS), place of occurrence (general room, ICU) or age of patients (children, adults) (1-9). A complementary way of analyzing this problem is by focusing on specific therapeutic groups such as antimicrobials (7,8). , This approach allows knowing the spectrum of associated adverse reactions, causal relationship of the suspected antimicrobial compound, severity, preventability, management and outcome. We decided to carry out a local investigation with these objectives; the results of which we believe contribute to the knowledge of these complications.
. 
Patients and methods.

Definition of AE and study design. We defined an AE as the appearance of any unwanted AE temporarily associated with the use of an antimicrobial compound at usual doses (10). A retrospective design was applied using the reports of notifications (by passive methodology) of AE made to the National Pharmacovigilance System from years 2014 to 2017 in our institution. Events involving antimicrobial compounds of oral or parenteral use among hospitalized or ambulatory patients were included.

Case analysis. For each reported AE, we collected patient´s demographic data, comorbidities, immunosuppressive drugs use, allergic symptoms, previous AE, hospitalization unit, system or organ involved,  compound suspected, route of administration and time elapsed until appearance, management of the AE and its outcome. Causal analysis was made using the Karch-Lasagna method and preventability by a previous described method (10,11). The work only includes AE where the causal analysis assigned a score in the definitive (≥ 8 points), probable (6-7 points) or possible (4-5 points) categories. Events were also categorized as mild (digestive disorders, headache,  myalgia, compromised general condition, sleep disturbances), moderate (skin lesions, visual disturbances, tremors, urination problems, noticeable variation on mind or mental functions) or serious/lethal (life-threatening or fatal, AE leading to severe disability or invalidity or causing or prolonging hospitalization and birth defects).

Ethical aspects. This work was approved by the Institutional Review Board of the Healthcare Administrative Regional Division.
Results
AE  reported and patient characteristics. Between years 2014 and 2017, 84 AE associated with antimicrobials were recorded. In 14 cases (16.7%) an alternative cause for another drug or an underlying disease was identified and in 10 (11.9%) there were incomplete or absent data, leaving 60 final AE (71.4%). These 60 AE involved 56 patients; one patient had 3 events in the same hospitalization, 2 patients had a double event and the remaining 53 only one (94.6%). Patients were associated with a wide age range (2 months to 96 years) with a balanced distribution by gender and different comorbidities (mainly heart disease, diabetes mellitus, chronic kidney disease and leukemia / lymphoma)(Table 1). Additionally, some  patients presented immunosuppression either by drugs (5 patients, 25% of the group) or due to an underlying pathology, and 16.1% had a history of previous AEs (Table 1). Near 10% has an allergic history. Patients affected by these AE were hospitalized in Units of different complexity, including the Emergency Unit and 2 cases were reported as outpatients (Table 1).
Type of adverse reactions and eosinophilia. The most frequent AE reported was skin involvement with rash in approximately half of the cases and most of the time of generalized type (Table 2). In 3 of the 34 cases, the rash was associated with mucosal involvement or bullous skin lesions, and in 2 of these 3 cases, the condition was classified as Stevens-Johnson syndrome (SJS) (3.3% of all events) (Table 2). The second system affected was the liver with hepatitis, cholestasis, or a mixed  compromise. CNS followed in frequency mainly with seizures. The series also includes hematological disarrangements in all series and two anaphylactic events. Renal, respiratory, or gastrointestinal involvement was occasionally observed (Table 2). In total, 7 events were associated with eosinophilia (> 500 / µL), 5 of them with skin lesions (16.7% of the cutaneous group), one with anaphylactic shock and the other with anemia. 
Antimicrobials involved. The compounds mostly associated with adverse reactions were beta-lactams (near  half of the series), followed by anti-tuberculosis drugs,  glycopeptides (vancomycin) and quinolones. Other compounds were less frequently reported and in some cases by association of 2 or more antibiotics (excluding anti-tuberculosis drugs, Table 3). 
Causal analysis. This analysis revealed a definitive association in 5 events (8.3%), probable in 42 (70%) and possible in the remaining 13 cases (21.7%). Table 4 presents the causal analysis for skin lesions, showing the predominance of beta-lactams in the definitive and probable categories. Skin lesions were also associated with glycopeptides, quinolones, isoniazid, doxycycline, and different combinations of antimicrobials (Table 4). The 2 cases with SJS were related to ceftriaxone and the combination of vancomycin with ceftazidime (both possible). Hepatobiliary disorders were mostly associated with anti-tuberculosis drugs (Table 5. Hepatitis events were associated with isoniazid and / or pyrazinamide and cholestasis with rifampicin. Mixed disorders (cholestasis with hepatitis) were assigned to pyrazinamide or drug combinations (Table 5). No patients had history of liver damage and in any case were doses higher than those recommended per weight (data not shown). Age was not significantly higher in the group with this complication compared to the rest of the patients (Mann-Whitney non-parametric test, data not shown). For AE involving the CNS (Table 6), compounds associated with seizures were carbapenems, especially ertapenem and in one case metronidazole. Ciprofloxacin was associated with an agitation-anxiety event. 
AE compromised all hematological series. Thrombocytopenia (nadir 3,000-53,000 / µL) was associated with linezolid (1 probable case), ceftriaxone (possible in 1 case) and vancomycin with ciprofloxacin (possible in 1 case). Neutropenia events (nadir 400-900 / µL)  were associated with vancomycin, cloxacillin, and cefadroxil, all 3 as probable. The only reported case with anemia was assigned to linezolid (probable). Renal events with streptomycin-associated insufficiency was also observed in one probable case, anaphylactic shock in 2 cases (cotrimoxazole and ceftazidime, both as probable), gastrointestinal event in one case with nausea and vomiting due to metronidazole (definitive category), and finally  a respiratory depression linked  to colistin (possible).

Adverse effects onset. Skin lesions presented within a median of 4 days (interquartile range [IQR] 1-6 days; range 0-20 days) with 41.2% in the first 72 hours. The 2 SJS events occurred at 5 days. The median onset for skin events was slightly higher than the elapsed time for neurological manifestations (median 2.5 days, IQR 1-5 days, range 1-12 days) although these differences were not significant (Mann-Whitney  test). On the other hand, hepatobiliary AE presented with a median of 10.5 days (Figure 1, IQR 8-17 days, range 2 to 28 days), a figure significantly higher than the onset time for skin or neurological lesions (p = 0.025 by Mann Whitney test). For hematological conditions, the three thrombocytopenia events appeared between 1 and 9 days after antimicrobial initiation with their nadir 4-6 days later (Figure 2). Neutropenia presented between 5 and 65 days after initiation. The only anemia event was detected 8 days after starting linezolid. AE from other systems were observed at 24 hours in a gastrointestinal reaction, at 29 days with streptomycin and at 24 hours and 4 days in anaphylactic shock events.
AE duration. The longest events corresponded to hepatobiliary reactions that had a median duration of 24.5 days (range 6 to 37), followed by thrombocytopenia (median  12 days, range 10 to 13), and  cutaneous events with a median of 6 days (range 0-39). In turn, the median for 3 neutropenia events was 4 days (range 4 to 18) and for the 2 anaphylactic events was 5.5 days (3 and 8 days). Shortest symptoms were associated with CNS (median 0 days; range 0-2 days). The isolated event of anemia lasted 9 days, that of renal failure 30 days, the gastrointestinal event 1 day and the respiratory depression 12 days.
AE management, severity, outcome and therapy change. AEs were managed  in 59 of the 60 reported events (98.3%), mostly with suspension of involved drugs (n = 54 events; 91.5% of the subgroup). Additionally, 27 events received corticosteroids (45.8% of the treated subgroup) and 29 antihistamines (49.2% of the subgroup). On the other hand, anticonvulsant therapy was indicated in the 5 events with seizures and connection to mechanical ventilation in the event of respiratory depression. Anemia linked to linezolid required transfusion as one of the events of thrombocytopenia. Corticosteroid therapy was used in patients with skin lesions but also in events of thrombocytopenia and anaphylactic shock.
.

AE were categorized as mild (n = 2, 3.3%), moderate in most cases (n = 45, 75%) and severe in 21.7% (n = 13). In all but one case there was a recovery from the adverse reaction (98.3%). However, one event with SJS had a fatal outcome (1.7% of events). Overall, AE forced to change treatment in two thirds of cases (n = 39; 65%).
Preventability analysis. In 15 AEs (25%), their appearance could have potentially been prevented. Six cases of rash could potentially have been avoided: one with a previous history of allergy to the same family of antimicrobials (beta-lactams),  two cases without bacterial infection that justified their use, one with beta-lactams therapeutic duplication and one by vancomycin where the low prevalence in Chile of community-acquired infections by methicillin-resistant Staphylococcus aureus (MRSA) discourage its use. Finally, an event associated with penicillin in combination with other drugs for a possible streptococcal pharyngitis had already received adequate treatment. For 4 cases with seizures (80%) this complication could have been avoided after considering  preexistence of brain lesions or strokes in 2 cases, kidney failure without dose adjustment or redundant anaerobic coverage (1 each). Furthermore, the event of agitation / anxiety associated with quinolones could have been avoided by choosing another option for  patient's folliculitis. All of them were linked to medical prescription. 

Two anaphylactic shock events observed in this series, could also have been avoided by choosing another option to treat acne in one case (cotrimoxazole) or simply avoid its use in a case of imaging-ruled out pneumonia (ceftazidime). A lethal SJS case associated with ceftazidime and vancomycin could have been avoided if the latter were not have been indicated  in a patient with community-acquired pneumonia with no epidemiological justification to cover MRSA in Chile. Finally, anemia secondary to linezolid in a context of nosocomial pneumonia could have been avoided by choosing to keep tigecycline already in use.
Branded versus generic compounds. An analysis was attempted to relate the observed adverse reactions and the nature of the compound involved. Only in 10 cases (16.7%) this registry had been completed, 3 cases corresponding to original products and 7 to generic compounds. All except one involved parenteral compounds. AEs involved skin allergies in 6 of these events (5 with generic and 1 with original drugs), hematological disorders associated to branded linezolid in 2 cases, respiratory depression due to generic colistin (one event) and one case of psychomotor agitation due to a therapeutically equivalent oral ciprofloxacin. 
Discussion
Results of this work reveal that antimicrobial AE occur perceptibly in medical practice involving a wide diversity of compounds, occurring in different hospitalization units, affecting patients of a wide age range and attacking different systems or organs. Furthermore, some of them were serious, even fatal, and an important fraction is potentially avoidable. Its management usually requires the interruption of the suspected compound and sometimes auxiliary therapies. As shown, antimicrobial compounds of the same family are capable of causing adverse reactions in different systems.

Findings were obtained from a passive surveillance system known for its very low sensitivity (2). However, they are relevant for their adequate characterization including a causal and preventability analysis, severity categorization, duration and management description. 

AE with skin manifestations have been well described in Chile with antimicrobials occupying the first or second place of the list of drugs involved. (1,2,12-14) As observed in this series, the most frequent expression is a generalized morbilliform rash without mucosal involvement and with good prognosis. Bullous lesions, mucosal involvement or skin pain indicate more infrequent a serious conditions such as SJS which can be fatal (14,15). 
Hepatobiliary AE were associated with the use of anti-tuberculosis drugs and appeared from the second week of prescription. This therapeutic group is the first or second in the list of compounds responsible for drug-induced liver damage and can be associated with symptoms of hepatitis, cholestasis, or mixed disorders (3,16). Pyrazinamide, the compound most frequently involved in hepatitis events in cohort and case-control studies was present in all our related events (17). Hepatitis associated with isoniazid seems to be explained by the accumulation of toxic metabolites, especially in slow acetylator patients or those with certain polymorphisms of the cytochromic gene P450 CYP2E1 (18). Rifampicin-associated  cholestasia appears to be explained by the interference of this compound with biliary excretion (18). Hepatotoxic factors not systematically explored in this work include alcohol consumption, malnutrition, and infection with hepatitis B virus.
Carbapenems are potentially neurotoxic compounds that have been associated with seizures. The frequency of this side effect depends on the specific molecule involved, the presence of CNS disorders, kidney failure and / or high doses (19) In ​​our case, its use in patients with previous CNS pathology and kidney failure explains its development and its potential preventability especially in the case of ertapenem.
Thrombocytopenia events can be explained by alterations of thrombopoiesis (linezolid) or by an immune mechanism with production of antibodies  (vancomycin, cephalosporins, quinolones). In our patients, the nadir of this complication occurred several days after its onset (20,21). Two of the 3 events of neutropenia were associated with beta-lactams, compounds that have direct marrow toxicity with development of neutropenia depending on the duration of treatment and dose (22). Vancomycin has also been associated with reversible neutropenia, either due to myelotoxicity or autoimmune mechanisms after several days of administration (23, 24).
Although rare, colistin-associated respiratory depression was not unexpected. It is possibly explained by a reversible myopathy, either after parenteral or inhalation therapy (25, 26) Other neurotoxic manifestations include paresthesias and ataxia.

A relevant aspect of this work is the high percentage of potentially avoidable AE (25%). This fraction can escalate to higher figures during active pharmacovigilance and international data indicates that between 19% and 61% of AE can be prevented (2,7,9). In our Center, preventability was linked to medical factors underscoring the need to reinfore undergraduate and graduate medical teaching.
Due to incomplete records we could not relate AE with the original or generic nature of the compound involved. Nonetheless, our limited data suggests no relationship because a) both original and generic drugs were involved; b) most AE were skin allergic reactions that are not related to the nature of the compound but to immune host factors; c) respiratory depression and psychomotor agitation events, linked in our work to generic drugs have been described as a antibiotic class phenomenon; and finally d) attempts to associate generic antimicrobials with therapeutic failure or safety issues has not demonstrated superiority of branded drugs (27-31). 

Except for anti-tuberculosis drug events, a low number of reports included ambulatory patients with no reports associated to HIV/AIDS therapy. This indicates a weakness of the system to detect events associated with non-hospitalized patients in contrast with other centers (4). The low number of cases prevented further research on some risk factors for specific AE. Despite these limitations, our work provides a detailed view of antimicrobial-related AE in a general hospital, which can guide the health team in its diagnosis and prevention.
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Legend of figures

Figure 1. Box plot showing onset in days for cutaneous, central nervous system (CNS) and hepatobiliary adverse events. Median values are denoted by a square inside each box. Upper and lower borders of each box indicate the 25-75% interquartil range. Horizontal bars outside boxes show non-extreme maximal and minimal values, and open circles, extreme values. Onset of hepatobiliary adverse events were significantly later than values for skin and neurological events (see text).  
Figure 2. Platelet counts in 3 events of thrombocytopenia associates to antimicrobial compounds. Values were adjusted by the least square method. Zero indicates the day antibiotic was suspended.  

