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Abstract


Coronavirus disease 2019 is an acute respiratory disease caused by the severe acute respiratory syndrome coronavirus 2. As the virus spreads rapidly, it has become a major public health emergency, which has led to rapid vaccines development. However, vaccines can present harmful and unintended responses, which must be notified to the National Pharmacovigilance System. The aim of this study is to characterize the adverse drug reactions (ADRs) of these vaccines notified in the region covered by the Regional Pharmacovigilance Unit (RPU) of Beira Interior, in Portugal, between 1 and 31 December 2020. During this period, 4 vaccines were administered: Comirnaty®, Spikevax®, Vaxzevria® and Jcovden®. The RPU of Beira Interior received 2134 notifications corresponding to 5685 ADRs, of which 20.34% (n = 434) of the notifications were considered serious reactions. Of these, 9.52% (n = 42) resulted in hospitalization and 0.45% (n = 2) resulted in death. Among the ADRs notified, reactions at or around the injection site, myalgia, headaches and pyrexia were the most commonly notified. Most ADRs were resolved within a few hours or days without sequelae. These ADRs are in accordance with clinical trials, the summary of product characteristics (SmPC) of each vaccine and ADR notifications from other countries. However, further studies are needed to confirm these results.
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1. Introduction


Coronavirus Disease 2019 (COVID-19) is an acute respiratory disease caused by the severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2), which first emerged in Wuhan in December 2019. Its transmission occurs by droplets, respiratory secretions and direct contact [1,2].



As the virus has a rapid spread, it has become a serious public health emergency [2]. Given that vaccination can be used to prevent infections or reduce the seriousness of a disease, some strategies were studied to generate vaccines against the new coronavirus, including vaccines based on DNA and RNA [3,4].



Nucleic acid vaccines consist of mRNA with information against coronavirus-specific structural proteins and do not contain any viral proteins capable of causing disease. The mRNA is taken up by cells and translated into a viral antigen, the spike protein. When recognized by the immune system as something foreign, antibodies are produced, and T cells are activated to attack the protein. If the vaccinated person later comes into contact with coronavirus, their immune system will recognize the spike protein and be ready to defend itself [5,6,7,8,9]. In the European Union (EU), during the study period, 2 mRNA-based vaccines were authorized by the European Medicines Agency (EMA): Comirnaty® and Spikevax® [7,8,9].



In addition to mRNA vaccines, there is another type of vaccine approved for immunization against COVID-19: vaccines with a viral vector without the ability to replicate. This type of vaccine is produced from another virus (e.g., adenovirus) that has been modified to contain information regarding the virus of interest, which will be delivered to human cells. The viral vector is a harmless virus and different from coronavirus, so it does not cause the disease. It enters human cells and releases the gene that encodes the spike protein present in SARS-CoV-2. It then uses the cell’s machinery to produce this glycoprotein which, when recognized by the immune system, leads to the production of antibodies and activation of T cells, as is in nucleic acid vaccines [10,11,12,13]. In the EU, during the study period, two vaccines based on viral vectors were authorized by the EMA: Vaxzevria® and Jcovden® [7,12,13].



Although medicines are essential elements in the treatment of pathologies, diagnosis and prevention, they also have risks. Thus, due to the fact that there is a limited knowledge of the therapeutic profile of some drugs, it is important to continue to monitor their safety after marketing, through several available methodologies, one of which is the notification of adverse drug reactions (ADRs) to the National Systems of Pharmacovigilance (NPS), present around the world, and created in order to monitor the safety of medicines. The NPS cover all information related to ADRs and guarantee the safety of users who have contact with medicines, especially medicines recently introduced on the market. This is the case of vaccines used to immunize against COVID-19 [14,15].



In 1992, the SNF was created in Portugal, currently coordinated by INFARMED, I.P. In the early 2000s, the SNF was decentralized into 4 Regional Pharmacovigilance Units (RPU)-Norte, Centro, Sul and Açores-, with the aim of publicizing the system and promoting notification, bringing the system closer to health professionals and promote the involvement of university centres. Since 2017, the number of RPUs in the SNF increased, and there are currently 10 covering different areas in the country. The RPU of Beira Interior is placed at the University of Beira Interior, in the interior of Portugal, covers the districts of Castelo Branco, Viseu and Guarda and involves some under reporting [16,17].



When the appearance of ADRs is suspected, the process of spontaneous notification through an online or paper form or by telephone becomes important. Spontaneous reporting is a voluntary pharmacovigilance methodology, which consists of reporting an ADR associated with a particular drug and a patient, which can be by the patient, a family member or a healthcare professional. Spontaneous reporting makes it possible to detect ADRs that occur rarely or unexpectedly, generating an alert signal for subsequent epidemiological studies [16].



Therefore, pharmacovigilance, a science involved in the detection, evaluation and prevention of ADRs, through the methodology of spontaneous reporting is an essential step to assess the safety of vaccines used in the immunization against COVID-19 [17,18,19,20].



Thus, this study had two objectives. The first objective was to characterize the ADRs associated with vaccines used in the immunization against COVID-19, notified in the region covered by the Regional Pharmacovigilance Unit of Beira Interior, in Portugal. The second objective was to compare the results obtained with the safety data from studies carried out in other countries around the world. This period was the subject of study since it was the initial period in which the vaccines authorized in the EU began to be administered to the Portuguese population.




2. Materials and Methods


This work is a retrospective observational study. The data under analysis were collected through spontaneous notifications sent to the Portuguese NPS by healthcare professionals, patients or family member. The Portuguese database is “Portal RAM” which is coordinated by the National Authority of Medicines and Health Products, I.P. (INFARMED). The search was carried out in this database taking into account the International Common Denomination of each vaccine (Comirnaty®, Vaxzevria®, Spikevax® and Jcovden®), study period (1–31 December 2021) and the area covered by the RPU of Beira Interior, in Portugal.



Statistical analysis of the data obtained was performed using the Microsoft Office Excel 365 tool. In this tool, the data were organized according to the variables under study and were later represented in tables and appropriate graphics.



It is important to note that each notification concerns a single patient. However, more than one ADR and seriousness criteria may be associated with each notification. Of the 2145 notifications received, only 2134 were studied because of the lack of information in 11 notifications.



It is also important to mention that this work did not require prior authorization from the Ethics Committee, since the patients’ personal information was not used.



2.1. Population


The study population comprised only cases of suspected ADR associated with vaccines used in the immunization against COVID-19, notified to the Regional Pharmacovigilance Unit of Beira Interior, and no age restriction was imposed.




2.2. Variables


2.2.1. Characterization of the Notification Source


Notifier Characterization


ADRs can be notified by professionals in the pharmaceutical industry, patients, family members or healthcare professionals. The healthcare professionals considered are classified as physicians, pharmacists, nurses or other healthcare professionals. These professionals play a crucial role in reporting ADRs, with the aim of reducing the negative outcomes associated with them. Bearing in mind that this study only focuses on a regional unit, there are no notifications from the pharmaceutical industry, since these professionals notify directly to the RAM portal, and no specific region is assigned to them.




District of Origin


For the study, only the RPU of Beira Interior was considered, which covers 3 districts: Castelo Branco, Guarda and Viseu. This area corresponds to about 700,000 inhabitants and about 8000 healthcare professionals (doctors, nurses and pharmacists). Thus, the notifications were analyzed according to the district of origin.





2.2.2. Demographic Characterization of the Population


The analysis was carried out by characterizing the notifications by age and gender. In terms of age, 8 age groups were considered: 5 to 11 years old; 12 to 17 years old; 18 to 24 years old; 25 to 49 years old; 50 to 64 years old; 65 to 79 years old; ≥80 years; and unknown. Gender was classified as male, female or unknown.




2.2.3. Characterization of Adverse Drug Reactionss


Characterization by Administered Vaccine


Notified ADRs were classified based on the associated vaccine. Only 4 vaccines were considered: Comirnaty, Spikevax, Vaxzevria, and Janssen as they were the vaccines authorized for administration in Portugal during the study period.




Analysis of ADRs


The description of each ADR is performed by the notifier, which is later coded according to the Medical Dictionary for Regulatory Activities (MedDRA) terminology. MedDRA is an international medical terminology developed in 1994 by the International Conference on Harmonization (ICH). Prior to the creation of this dictionary, there was no international medical terminology, so the existence of multiple terminologies created several problems in the analysis of data related to pharmaceutical products. In this way, there was a need to create an international medical terminology, in order to facilitate communication between the various health professionals, and the crossing of data regarding pharmaceutical products [21].



MedDRA terms are hierarchically organized into: system organ class (SOC); high level group term (HLGT); high level terms (HLT); preferred term (PT) and lowest level term (LLT), with the SOC level being the widest and most comprehensive and the LLT level being the most specific [21].



Thus, the ADRs were initially grouped according to the SOC group, and finally, they were organized according to the PT term.




Description in the Summary of Drug Characteristics (SmPC)


In order to verify the previous descriptions of the ADRs under study associated with the vaccines, the SmPC of each vaccine was used, grouping the data into 2 categories: “Described in the SmPC” and “Not described in the SmPC”.



Regarding ADRs not described, they were grouped into 2 parameters: “Degree of Causality Studied” and “Degree of Causality not studied”. Causality is attributed by an expert from the regulatory authority or the pharmaceutical company, in ADRs considered serious, and from the information provided during the notification.



Subsequently, the ADRs for which the degree of causality was studied were grouped into 6 categories: Definitive, Probable, Possible, Unlikely, Conditional, Unclassifiable [22].




Seriousness and Seriousness Criteria


Regarding the seriousness, notifications were grouped into serious and non-serious based on the notifier’s assessment and/or Regional Pharmacovigilance. Subsequently, serious ADRs were grouped by seriousness criteria.



There was also the characterization of ADRs associated with the seriousness criteria “Hospitalization”, “Life Risk” and “Death”, according to age and associated vaccine brand.



An ADR is considered serious if it “results in temporary or permanent disability, causes a congenital abnormality, results in hospitalization or prolongation of hospitalization, causes death or is life-threatening, or fulfills another clinically important condition” [23].




Evolution of ADRs


Data were grouped into the following categories: Cure, Cure with collateral damage, in recovery, Death and Unknown, based on the information provided by the notifier.




Characterization of Notifications with the Outcome “Death” with Terms Belonging to the IME List


Finally, the characterization of the notifications that culminated in death was carried out, taking into account the presence of terms belonging to the Important Medical Events (IME) list.



In order to facilitate the classification of ADRs, as well as assist in the analysis of notifications submitted to the National Pharmacovigilance Systems, Eudravigilance created a list of medical terms considered important, called the IME list, based on the definitions adopted by the ICH. Important Medical Events are events that may not immediately lead to death or hospitalization but compromise the individual’s life or require medical or surgical intervention in order to avoid the outcomes listed in the definition of seriousness ADR [24].







3. Results


As mentioned above, the number of notifications to be analyzed, after the duplicate and annulled notifications have been withdrawn, was 2134.



3.1. Characterization of the Notification Source


3.1.1. Notifier Characterization


In this study, the type of notifier who submitted the notification was analyzed. Through Figure 1, it is possible to observe that most notifications were submitted by the pharmacist (82.15%, n = 1753), followed by the user or other non-healthcare professional (6.47%, n = 138) and later the physician (6.09%, n = 130). Nurses had a notification rate of 4.87% (n = 104), and finally, other healthcare professionals submitted only 0.42% (n = 9) of the notifications.




3.1.2. District of Origin


For the study, only the RPU of Beira Interior was considered. Through Figure 2, it is possible to observe that most notifications presented Castelo Branco as the district of origin (86.36%, n = 1843), followed by Viseu (9.18%, n = 196) and finally Guarda (4.45%, n = 95).





3.2. Demographic Characterization of the Population


The notifications were characterized as to the age and gender of the patients, as can be seen in Table 1 and Figure 3, respectively.



Analyzing Table 1, it is possible to verify that most notifications were associated with patients aged between 25 and 49 years (57.64%, n = 1230), followed by patients aged between 50 and 64 years. (26.90%, n = 574).



Regarding gender, notifications were grouped into female, male and unknown. The female gender presented the most notifications, accounting for 1534 (71.88%) out of 2134 total notifications.




3.3. Characterization of Adverse Drug Reactions


3.3.1. Characterization by Administered Vaccine


During the study period, only 2 types of vaccines were administered–mRNA vaccines and non-replicating viral vector vaccines. It is important to note that each notification concerns a single vaccine. According to Figure 4, mRNA vaccines were highlighted (82.52%, n = 1761). In turn, vaccines with a non-replicating viral vector had a notification rate of 17.48% (n = 373).



Subsequently, the ADRs were organized into 4 classes, according to the brand name of the administered vaccine. Analyzing Figure 5, it is possible to observe that most of the notifications submitted were associated with the Comirnaty vaccine (79.29%, n = 1692), followed by the Vaxzevria vaccine with 325 notifications (15.23%). The Spikevax vaccine had a notification rate of 3.23% (n = 69), and finally, the Jcovden vaccine was associated with 2.25% (n = 48) of the notifications submitted.




3.3.2. Analysis of Adverse Drug Reactions


In this study, the notifications sent to the Regional Pharmacovigilance Unit of Beira Interior were initially characterized according to the SOC classification of the MedDRA dictionary. The 2134 notifications were organized into 5685 SOC reactions, meaning that there were, on average, approximately 3 SOC reactions for each notification.



Through Table 2, it is possible to conclude that the three SOC groups most frequently notified were “General disorders and administration site conditions”, “Nervous system disorders”, and “Musculoskeletal and connective tissue disorders”, presenting the following frequencies 2454 (43.17%), 1048 (18.43%) and 1015 (17.85%), respectively. The least notified SOC groups were “Pregnancy, puerperium and perinatal conditions”, constituting 0.02% (n = 1) of the notifications, and “Social Circumstances”, with 0.04% (n = 2).



After the analysis by SOC groups, the ADRs notified to the URF of Beira Interior were classified according to the PT terms. The results are shown in Table 3. The “Other reactions” category encompassed adverse reactions with a notification rate ≤1%.



Through Table 3, it is possible to conclude that the 3 ADRs most frequently notified were “Reaction at or around the site of administration”, “Myalgias”, and “Headache”, with the following frequencies 1147 (20.18%), 751 (13.21%) and 608 (10.69%), respectively.



Regarding the “Other reactions” category, it included ADRs with a low reporting rate, such as miscarriage, anaphylactic shock, seizures, respiratory distress and syncope.




3.3.3. Description in the Summary of Drug Characteristics (SmPC)


The ADRs were analyzed in terms of their prior knowledge. Thus, the SmPC of the respective vaccines under study was used for further characterization in: “Described in the SmPC” and “Not described in the SmPC” [25,26,27,28].



Through Figure 6, it is possible to verify that 5299 ADRs were described in the SmPC (93.21%), among which it is possible to highlight “Reaction at or around the administration site”, “Myalgias”, “Arthralgias”, “Pyrexia” and “Headaches”. 386 ADRs were not described in the SmPC (6.79%).



ADRs not described in the SmPC were grouped according to 2 categories: “Degree of Causality Studied” and “Degree of Causality not studied”. The category of “Degree of Causality Studied” obtained the most prominence (61.66%; n = 238) (Figure 7).



The ADRs for which the degree of causality was studied were grouped into 6 categories: “Definitive”, “Probable”, “Possible”, “Unlikely”, “Conditional”, and “Unclassifiable”. According to Table 4, it is possible to observe that most ADRs were classified as “Possible” (n = 118, 49.58%). 100 ADRs (42.02%) have a “Probable” degree of causality and 18 (7.56%) were classified as “Unlikely”. The degree of causality that was less prominent was the “Unclassifiable” (n = 2; 0.84%). The “Definite” and “Conditional” degrees of causality were not assigned to ADRs notified.




3.3.4. Seriousness and Seriousness Criteria


Seriousness


In this study, the 2134 notifications were further characterized according to seriousness. Among these notifications, 1700 notifications were considered non-serious (79.66%) as they did not fulfill any of the criteria mentioned in Seriousness and Seriousness Criteria section. In turn, 434 notifications were considered serious, representing 20.34%, as can be seen in Figure 8.



Subsequently, the 434 notifications considered serious were organized according to the brand of vaccine administered. Figure 9 shows that most ADRs considered serious belonged to the Comirnaty vaccine (70.51%, n = 306), followed by the Vaxzevria vaccine with 60 serious ADRs (13.82%). The Jcovden vaccine had 35 serious notifications (8.06%) followed by Spikevax with 33 notifications (7.60%).




Seriousness Criteria


ADRs considered severe were grouped by seriousness into 5 criteria: “Clinically important”, “Disability”, “Hospitalization”, “Life Risk” and “Death”. Some serious notifications had more than one seriousness criteria, with a total of 441 seriousness criteria notified for 434 serious notifications.



The seriousness criteria “Clinically important” had great prominence, with a percentage of 64.63% (n = 285), followed by “Disability” (24.04%, n = 106). Then came the criteria “Hospitalization” with 9.52% of serious notifications, which corresponds to 42 notifications. Finally, the criteria “Life Risk” and “Death” appeared with 6 and 2 notifications (1.36% and 0.45%), respectively, as can be seen in Figure 10.



Then, the ADRs with seriousness criteria “Hospitalization”, “Life Risk” and “Death”, were characterized according to patient’s age and associated vaccine brand.



Initially, there was a characterization of the 42 notifications with the seriousness criteria “Hospitalization” according to the brand of vaccine administered and age, and the results can be found in Figure 11 and Table 5, respectively. Regarding the brand of the associated vaccine, the Comirnaty vaccine was responsible for most hospitalizations (45.24%, n = 19), followed by Vaxzevria responsible for 35.71% (n = 15). The Jcovden vaccine was associated with 14.29% (n = 6) of notifications with the seriousness criteria Hospitalization, and finally, Spikevax originated 4.76% (n = 2) of hospitalizations.



Analyzing Table 6, most hospitalizations were associated with patients aged between 25 and 49 years (30.95%, n = 13), followed by patients aged between 65 and 79 years (28.57%, n = 12).



Subsequently, the 6 notifications with the seriousness criteria “Life Risk” were characterized, and the results are found in Figure 12 and Table 7. In Figure 12 it is possible to observe that the vaccines responsible for this seriousness criteria were the Comirnaty vaccine, the Spikevax vaccine and the Jcovden vaccine, each responsible for three, two and one case, respectively. In fact, the most prominent vaccine was Comirnaty, the most administered vaccine in Portugal [29].



Regarding the age groups associated with the seriousness criteria “Life Risk”, it’s possible to observe through the Table 6 that the age group with the most cases was the group from 25 to 49 years old (50.00%, n = 3). The age groups from 18 to 24 years old, 50 to 64 years old and ≥80 years old were associated with a single case of “Life Risk”.



Finally, the 2 notifications associated with the seriousness criteria “Death” were characterized. In Figure 13 it’s possible to observe that the vaccines responsible for this seriousness criteria were the Comirnaty and the Vaxzevria vaccine, each responsible for one case. These patients were 76 and 84 years old, respectively.





3.3.5. Evolution of Adverse Drug Reactions


Another important parameter to be evaluated is the evolution of the patient’s clinical condition, whose data allow us to understand the possible risks to the patient’s life after the administration of the drug in humans (Table 7).



Of the 5685 ADRs notified, 5361 (94.30%) resolved within a few hours or days without the appearance of collateral damage, 9 (0.16%) led to the appearance of collateral damage, 6 (0.11%) ADRs patients were in recovery at the time of reporting and in 6 (0.11%) ADRs the result was death. In 5.33% of the ADRs (n = 303), it was not possible to obtain information regarding the outcome of the reaction.




3.3.6. Characterization of Notifications with the Outcome “Death” with Terms Belonging to the Important Medical Events List


In total, 2 notifications were obtained that culminated in death, corresponding to a total of 6 ADRs, of which 5 were on the IME list. Through Table 8, it is possible to see that the 6 ADRs associated with the outcome “Death” belonged to 3 SOC groups, among which the “Cardiac disorders” group was more prominent.



These 2 cases obtained a causality study by the regulatory authority, with a conclusion of an unlikely causal relationship, i.e., there was no causal relationship between ADR and the associated vaccine.






4. Discussion


This study allowed the characterization of the notifications of ADRs associated with vaccines used in the immunization against COVID-19, notified to the Pharmacovigilance Unit of Beira Interior, in Portugal, in the time period between December 2020 and December 2021.



Initially, the type of notifier who submitted the notification was analyzed. Through data analysis, it was found that pharmacists had the highest notification rate. The user or other non-healthcare professional also contributed to improving the safety profile of vaccines, followed later by physicians. According to the graph “Evolution of ADR Notifications received in the SNF, by origin, 1992–2021”, made available by INFARMED, over the years, the biggest notifier of ADRs has been the pharmaceutical industry [30]. In the year 2021, the industry was the biggest notifier, followed by physicians and later by pharmacists. The results obtained in this study are not in accordance with the INFARMED graph, presenting the pharmacist as the greatest notifier of ADRs associated with vaccines used in the immunization against COVID-19. This is related to the fact that the pharmaceutical services of 2 hospital centers established pharmacovigilance protocols and were later involved in collecting information from patients after the administration of these vaccines, thus increasing the notification rate obtained by pharmacists. However, in general, the results obtained in the study support the fact that healthcare professionals are increasingly aware of the need to notify suspected ADRs, in order to improve the safety profile of medicines. As mentioned in the Notifier Characterization section, the fact that this study focused only on a regional unit explains why we did not obtain ADRs notified by the pharmaceutical industry, as these professionals notify them directly on the ADR portal, with no specific region being assigned to them.



Regarding the district of origin of the notification, it was found that most notifications presented Castelo Branco as the district of origin, followed by Viseu and finally Guarda.



Among the analyzed data, the age group with the highest notification rate, among the groups considered, was the group from 25 to 49 years old, followed by patients aged between 50 and 64 years old. These data are in accordance with the document “Pharmacovigilance Report: Monitoring the safety of vaccines against COVID-19 in Portugal. Data received until 01/31/2022.”, which indicates that the age groups 25 to 49 years old and 50 to 64 years old had the highest number of ADR notifications at the national level [29]. This fact may be due to the greater number of vaccines being administered in these two age groups, in addition to being age groups with greater ability to recognize an ADR. It is also important to point out that, according to the data referring to the resident population in Portugal by age group, these are the age groups with the largest population [31]. Regarding gender, the population was mostly female, and these data are supported by the aforementioned document [29]. Generally, the female gender is the one that most notified to any drug, due to the greater susceptibility to develop ADRs, compared to the male gender, probably due to the physiological differences between both sexes. Additionally, it may be related to women’s greater attention to their health and signals developed by their body [29,32,33]. International studies also confirm the aforementioned data regarding the age groups and gender with the highest notification rates of vaccine-associated ADRs [34,35].



Subsequently, ADRs were analyzed according to the type and brand of the vaccine administered. In this study, during the analysis period, mRNA vaccines were the most notified. Most of the notifications submitted were associated with the Comirnaty vaccine, followed by the Vaxzevria vaccine. In fact, these data were in agreement with the INFARMED Pharmacovigilance Report, which indicates that the majority of ADRs notified in Portugal correspond to mRNA vaccines [29]. It should be noted that these results may be due to the fact that these were the most administered vaccines in Portugal as well as in the EU and the United States [36,37]. The same report mentions that the vaccine with the highest number of ADR notifications was Comirnaty, followed by the Vaxzevria vaccine, which reinforces the data in Figure 5 available in Section 3.3.1. of the results [29]. These data are corroborated by EMA data, which indicate that these were also the most ADR vaccines reported in Europe [38]. According to data from the Centers for Disease Control and Prevention, the Comirnaty vaccine was the vaccine with the most ADRs reported in the United States [39].



The three most frequently notified SOC groups were “General disorders and administration site conditions”, “Nervous system disorders”, and “Musculoskeletal and connective tissue disorders”. Thus, with regard to “General disorders and administration site changes”, it is easy to see why they represented the most frequent SOC group, given that this group encompassed non-specific symptoms that affect various sites in the body, such as general malaise or fatigue, as well as ADRs frequently associated with the administration of any vaccine, such as pain, swelling, itching or bruising at the injection site. These signs are usually mild and transient. As for the second group, “Nervous System Diseases”, they included symptoms such as headaches, migraines and convulsions. The third most notified group was “Musculoskeletal and connective tissue disorders”, which included myalgias, arthralgias and pain in the extremities. It is easy to understand why it was among the three most notified groups, as SARS-CoV-2 binds to host cells through the spike glycoprotein, through the ACE2 receptor [40]. This receptor is found in the epithelial cells of the pulmonary alveoli and in the enterocytes of the small intestine, as well as in the skeletal muscle and central nervous system, which may be related to myalgias. Additionally, another phenomenon associated with myalgias is the “cytokine storm”, in which interleukin-6 plays a key role in inducing the production of prostaglandin E2, associated with inflammation and pain [40]. The vaccines used to immunize against COVID-19, despite not containing the virus in their constitution, have information that encodes the spike protein, recognized by the immune system, and capable of causing an inflammatory response, through a large production of pro-inflammatory cytokines, which leads to the appearance of myalgias and other musculoskeletal symptoms [41,42]. These data are in accordance with the aforementioned Pharmacovigilance Report [29]. According to the document “Rapporto sulla Sorveglianza dei vaccini anti-COVID-19”, issued by the Agenzia italiana del farmaco, the three most frequently notified SOC groups were the “General disorders and administration site conditions”, “Nervous system disorders”, and “Musculoskeletal and connective tissue disorders” which are in accordance with the results obtained through this study [43].



Following the analysis by SOC groups, the ADRs were classified according to the PT terms. The three most frequently notified ADRs were “Reaction at or around the injection site”, “Myalgias”, and “Headache”. These data are in agreement with the data from the most frequently notified SOC groups referred to in the previous paragraph (“General disorders and administration site disorders”, “Nervous System Disorders”, and “Musculoskeletal and connective tissue disorders”). The explanation for the ADR “Reaction at or around the injection site” being among the three most frequently reported ADRs is related to the way in which the vaccines are administered. This group belongs to the SOC group “General disorders and administration site conditions”, referred in the previous paragraph. “Headache” is among the three most reported ADRs, however the mechanism by which it occurs remains unclear. Some authors suggest that “Headache” may be due to a direct activation of the trigeminal vascular system, which consists of nerve fibers originating from the trigeminal nerve that innervate cerebral blood vessels. Additionally, another phenomenon possibly associated with “Headaches” is the “cytokine storm”, associated with inflammation and pain [44]. These data are in agreement with the INFARMED Pharmacovigilance Report, which mentions “Headache”, “Myalgias” and “Pain at the injection site” among the most frequently notified ADRs. This report also mentions that “Pyrexia” is the most prominent ADR, something that was not verified through the data under study [29]. However, this is a term that also has a high notification rate, ranking 4th in Table 3 of Section 3.3.2. It is easy to understand why it had a high notification rate, taking into account that it is characterized by an immune system response to a foreign body introduced into our system, as is the case with the vaccine [39,40]. These data are also corroborated by studies carried out in other countries, which indicate that “Reaction at or around the injection site”, “Myalgias”, “Pyrexia” and “Headache” are among the ADRs most commonly associated with vaccines [45,46,47]. During the study period, several countries suspended or restricted the use of vaccines to certain populations due to the emergence of rare adverse reactions [48,49,50].



The notified ADRs were compared with the SmPCs of the respective vaccines, showing that most RAMs were already described. Regarding the degree of causality, most ADRs were classified as “Possible” or “Probable”, followed by the degree “Unlikely” and the degree “Unclassifiable”. Although ADRs not described in the SmPCs represent a low percentage, it is crucial that they receive a degree of importance, especially in those in which it was possible to conclude the degree of causality as “Possible” and “Probable”, since they allow updating the safety profile of each vaccine and consequently its SmPCs, thus reinforcing the importance of reporting ADRs.



Regarding seriousness, 20.34% of ADRs were considered serious ADRs, most of which were associated with the Comirnaty vaccine. In fact, these data are in agreement with the INFARMED Pharmacovigilance Report, which indicates that the majority of ADRs associated with vaccines used in the immunization against COVID-19 correspond to non-serious ADRs [29]. According to the document “Rapporto sulla Sorveglianza dei vaccini anti-COVID-19”, most ADRs were classified as non-serious, which corroborates the results obtained in this study. However, this document indicates that the vaccine most associated with serious reactions was Spikevax, which is not in agreement with the results obtained in this study [43]. Our results may be due to the fact that Comirnaty was the most administered vaccine in Portugal [29]. Even so, there is a large percentage of serious notifications, which again reinforces the importance of healthcare professionals and users to carry out the notifications of ADRs.



The seriousness criteria with the highest rate were the “Clinically important” criteria, followed by the seriousness criteria “Disability”, “Hospitalization”, “Life risk” and “Death”. It is important to note that there were notifications in which the notifier had selected more than one seriousness criterion. These data are in accordance with the documents “Pharmacovigilance Report: Monitoring the safety of vaccines against COVID-19 in Portugal. Data received until 01/31/2022” and “Rapporto sulla Sorveglianza dei vaccini anti-COVID-19”, which indicates that the seriousness criteria that stands out the most is “Clinically important”, with the criteria “Life Risk” and “Death” being less prominent [29,43]. The Comirnaty vaccine was responsible for the most hospitalizations as well as for half of the cases associated with the “Life Risk”. In fact, these results may be due to the fact that this was the most administered vaccine in Portugal as well as in the EU and in the United States [36,37]. Regarding the seriousness criteria “Death”, the associated vaccines were Comirnaty and Vaxzevria, with patients aged 86 and 74 years, respectively, both of whom had a history of acute myocardial infarction.



Most of the ADRs notified progressed to cure. In total, there were 2 notifications that progressed to death, of which 5 terms were on the IME list, most of the terms referred to “Cardiac disorders”. These 2 notifications corresponded to patients aged 74 and 86 years, with a history of acute myocardial infarction as well as in the presence of cardiovascular risk factors, among which diabetes mellitus, arterial hypertension, obesity and dyslipidemia stand out. Regarding the notified ADRs, the regulatory authority classified them with a degree of causality “Improbable”, based on the history that the patients had, which meant that the vaccines were not the cause of death for both patients. These data are in agreement with several studies that indicated that the cases of death that occurred in patients after vaccination against COVID-19 were not related to the vaccines administered, being nothing more than mere coincidence [51].



4.1. Limitations


This study had some limitations, among which we can highlight the rate of under reporting of suspected ADRs, i.e., not all ADRs that occurred were notified to the National Pharmacovigilance System, which may have occurred, for example, due to lack of time or ignorance regarding the existence of the “Portal RAM” [16,17]. Another limitation is related to the fact that some notifications presented a lack of information, making their study difficult. Additionally, the fact that the Comirnaty vaccine is the most administered vaccine in Portugal, leading to the majority of ADRs reported being associated with this vaccine, may have biased the results obtained, since the vaccines under study were not administered in the same number of patients, making it more difficult to compare the results.




4.2. Strengths of Study


The strengths of our study included a large sample size in which it was possible to characterize several parameters associated with the reported ADRs. Additionally, it was the first study carried out in Portugal, to our knowledge, over a long period involving data corresponding to the first, second and third doses.





5. Conclusions


The notification of suspected ADRs was mainly related to common and non-serious reactions (e.g., pyrexia, fatigue, myalgia and reaction at or around the injection site), which is in accordance with clinical trials, in the vaccine SmPCs and in ADR notifications of vaccines from other countries. In general, ADRs resolved within a few hours/days without any consequences, which confirms a favorable safety profile of the COVID-19 vaccines. Despite the results obtained, further studies are needed to confirm these data.







Author Contributions


C.M. supervised collection of data and interaction with INFARMED. C.A. collected the data, organised the results. C.M. and A.P.D. supervised writing of the manuscript. C.A. wrote the first draft. All authors made substantial contributions, approved the final version of the manuscript and agreed to be accountable for all aspects of the work. All authors have read and agreed to the published version of the manuscript.




Funding


This work was supported by INFARMED—National Authority of Medicines and Health Products, I.P. through the Pharmacovigilance Unit of Beira Interior and by the CICS-UBI projects UIDB/00709/2020 and UIDP/00709/2020, financed by national funds through the Portuguese Foundation for Science and Technology/MCTES.




Institutional Review Board Statement


Not applicable.




Informed Consent Statement


Patient consent was waived because this is an observational study and data was reported voluntarily by participants anonymously.




Data Availability Statement


The raw data used in this research are available to the authors, depending on INFARMED’s authorization.




Acknowledgments


The data presented in our work belong to the Portuguese Pharmacovigilance System. The authors would like to thank the National Authority of Medicines and Health Products, I.P. (INFARMED).




Conflicts of Interest


The authors declare no conflict of interest.




References


	



Lotfi, M.; Hamblin, M.R.; Rezaei, N. COVID-19: Transmission, prevention, and potential therapeutic opportunities. Clin. Chim. Acta 2020, 508, 254–266. [Google Scholar] [CrossRef] [Scilit] [PubMed]

	



Guo, Y.-R.; Cao, Q.-D.; Hong, Z.-S.; Tan, Y.-Y.; Chen, S.-D.; Jin, H.-J.; Tan, K.-S.; Wang, D.-Y.; Yan, Y. The origin, transmission and clinical therapies on coronavirus disease 2019 (COVID-19) outbreak—An update on the status. Mil. Med. Res. 2020, 7, 11. [Google Scholar] [CrossRef] [Scilit] [PubMed]

	



Liu, X.; Liu, C.; Liu, G.; Luo, W.; Xia, N. COVID-19: Progress in diagnostics, therapy and vaccination. Theranostics 2020, 10, 7821–7835. [Google Scholar] [CrossRef] [Scilit] [PubMed]

	



Izda, V.; Jeffries, M.A.; Sawalha, A.H. COVID-19: A review of therapeutic strategies and vaccine candidates. Clin. Immunol. 2021, 222, 108634. [Google Scholar] [CrossRef] [Scilit]

	



Dai, L.; Gao, G.F. Viral targets for vaccines against COVID-19. Nat. Rev. Immunol. 2021, 21, 73–82. [Google Scholar] [CrossRef] [Scilit]

	



Centers for Disease Control and Prevention. Understanding mRNA COVID-19 Vaccines. 2022. Available online: https://www.cdc.gov/coronavirus/2019-ncov/vaccines/different-vaccines/mrna.html (accessed on 5 August 2022).

	



European Medicines Agency. COVID-19 Vaccines. Available online: https://www.ema.europa.eu/en/human-regulatory/overview/public-health-threats/coronavirus-disease-covid-19/treatments-vaccines/covid-19-vaccines (accessed on 5 August 2022).

	



European Medicines Agency. Comirnaty. 2020. Available online: https://www.ema.europa.eu/en/medicines/human/EPAR/comirnaty (accessed on 5 August 2022).

	



European Medicines Agency. Spikevax (Previously COVID-19 Vaccine Moderna). 2021. Available online: https://www.ema.europa.eu/en/medicines/human/EPAR/spikevax (accessed on 5 August 2022).

	



Centers for Disease Control and Prevention. Understanding Viral Vector COVID-19 Vaccines. 2022. Available online: https://www.cdc.gov/coronavirus/2019-ncov/vaccines/different-vaccines/viralvector.html (accessed on 5 August 2022).

	



Malik, J.A.; Mulla, A.H.; Farooqi, T.; Pottoo, F.H.; Anwar, S.; Rengasamy, K.R.R. Targets and strategies for vaccine development against SARS-CoV-2. Biomed. Pharmacother. 2021, 137, 111254. [Google Scholar] [CrossRef] [Scilit]

	



European Medicines Agency. Vaxzevria (Previously COVID-19 Vaccine Astrazeneca). 2021. Available online: https://www.ema.europa.eu/en/medicines/human/EPAR/vaxzevria-previously-covid-19-vaccine-astrazeneca (accessed on 5 August 2022).

	



European Medicines Agency. Jcovden (Previously COVID-19 Vaccine Janssen). 2021. Available online: https://www.ema.europa.eu/en/medicines/human/EPAR/jcovden-previously-covid-19-vaccine-janssen (accessed on 5 August 2022).

	



Ferreira-da-Silva, R.; Ribeiro-Vaz, I.; Morato, M.; Silva, A.M.; Junqueira Polónia, J. The Role of Pharmacovigilance in the context of the COVID-19 Pandemic. Acta Med. Port. 2021, 34, 173–175. [Google Scholar] [CrossRef] [Scilit]

	



INFARMED, I.P. Why Should I Report an Adverse Reaction? Boletim de Farmacovigilância 2017, 21, 10. Available online: https://www.infarmed.pt/documents/15786/1983294/Boletim%2bde%2bFarmacovigil%ff%ffncia%2c%2bVolume%2b21%2c%2bn%ff%ff10%2c%2boutubro%2bde%2b2017/06e28ef9-09a0-4f04-87a2-9da68719e61e?version=1.0 (accessed on 5 August 2022).

	



Herdeiro, M.T.; Ferreira, M.; Ribeiro-Vaz, I.; Junqueira Polónia, J.; Costa-Pereira, A. The Portuguese Pharmacovigilance System. Acta Med. Port. 2012, 25, 241–249. [Google Scholar]

	



INFARMED, I.P. Farmacovigilância/Portal RAM, Common Questions. Available online: https://www.infarmed.pt/web/infarmed/institucional/documentacao/informacao/publicacoes?p_p_id=101&p_p_lifecycle=0&p_p_state=maximized&p_p_mode=view&_101_struts_action=%2Fasset_publisher%2Fview_content&_101_assetEntryId=2326140&_101_type=content&_101_urlTi (accessed on 5 August 2022).

	



Shrestha, S.; Khatri, J.; Shakya, S.; Danekhu, K.; Khatiwada, A.P.; Sah, R.; Kc, B.; Paudyal, V.; Khanal, S.; Rodriguez-Morales, A.J. Adverse events related to COVID-19 vaccines: The need to strengthen pharmacovigilance monitoring systems. Drugs Ther. Perspect. 2021, 37, 376–382. [Google Scholar] [CrossRef] [Scilit]

	



Khan, Z.; Karataş, Y.; Rahman, H.; Qayum, M.; Alzahrani, K.J.; Kashif, S.M. COVID-19 treatments and associated adverse reactions: The need for effective strategies to strengthen pharmacovigilance system in Lower- and middle-income countries. Le Pharm. Clin. 2022, 57, 77–80. [Google Scholar] [CrossRef] [Scilit]

	



De Oliveira, M.M.M.; Wagner, G.A.; Gattás, V.L.; Arruda, L.S.; Taminato, M. Pharmacovigilance quality system for vaccine monitoring (COVID-19) using quality indicators: A scoping review. Int. J. Infect. Control 2021, 17. [Google Scholar] [CrossRef] [Scilit]

	



International Conference on Harmonization. Introductory Guide MedDRA Version 25.0. 2022. Available online: https://www.meddra.org/how-to-use/support-documentation/english (accessed on 7 August 2022).

	



The Uppsala Monitoring Centre. The Use of the WHO-UMC System for Standardized Case Causality Assessment. 2018. Available online: https://who-umc.org/media/164200/who-umc-causality-assessment_new-logo.pdf (accessed on 7 August 2022).

	



European Medicines Agency. Guideline on Good Pharmacovigilance Practices (GVP). Module VI—Collection, Management and Submission of Reports of Suspected Adverse Reactions to Medicinal Product. 2017. Available online: https://www.ema.europa.eu/en/human-regulatory/post-authorisation/pharmacovigilance/good-pharmacovigilance-practices (accessed on 7 August 2022).

	



European Medicines Agency. EudraVigilance System Overview. 2018. Available online: https://www.ema.europa.eu/en/human-regulatory/research-development/pharmacovigilance/eudravigilance/eudravigilance-system-overview (accessed on 7 August 2022).

	



European Medicines Agency. Summary of Product Characteristics—Comirnaty. 2021. Available online: https://www.ema.europa.eu/en/documents/product-information/comirnaty-epar-product-information_en.pdf (accessed on 8 August 2022).

	



European Medicines Agency. Summary of product Characteristics—Spikevax. 2021. Available online: https://www.ema.europa.eu/en/documents/product-information/spikevax-previously-covid-19-vaccine-moderna-epar-product-information_en.pdf (accessed on 8 August 2022).

	



European Medicines Agency. Summary of Product Characteristics—Vaxzevria. 2021. Available online: https://www.ema.europa.eu/en/documents/product-information/vaxzevria-previously-covid-19-vaccine-astrazeneca-epar-product-information_en.pdf (accessed on 8 August 2022).

	



European Medicines Agency. Summary of Product Characteristics—Jcovden. 2021. Available online: https://www.ema.europa.eu/en/documents/product-information/jcovden-previously-covid-19-vaccine-janssen-epar-product-information_en.pdf (accessed on 8 August 2022).

	



Pharmacovigilance Report: Monitoring the Safety of Vaccines against COVID-19 in Portugal. Data received until 01/31/2022. NFARMED I.P. 2022. Available online: https://www.infarmed.pt/documents/15786/4268692/Relat%C3%B3rio+de+Farmacovigil%C3%A2ncia.+Monitoriza%C3%A7%C3%A3o+da+seguran%C3%A7a+das+vacinas+contra+a+COVID+19+em+Portugal+atualizado+31+de+mar%C3%A7o+de%C2%A0+2022/709e77f5-ab06-092d-338b-44c99586f796 (accessed on 8 August 2022).

	



INFARMED, I.P. Evolution of ADR Notifications Received in the SNF, by Origin, 1992–2021. Available online: https://www.infarmed.pt/web/infarmed/institucional/documentacao_e_informacao/campanhas/qualidade_medicamento?p_p_id=101&p_p_lifecycle=0&p_p_state=maximized&p_p_mode=view&_101_struts_action=%2Fasset_publisher%2Fview_content&_101_assetEntryId=2297488&_101_t (accessed on 8 August 2022).

	



Resident Population, Annual Average: Total and by Age Group. PORDATA—Statistics about Portugal and Europe. Available online: https://www.pordata.pt/Portugal/População+residente++média+anual+total+e+por+grupo+etário-10 (accessed on 9 August 2022).

	



Brabete, A.C.; Greaves, L.; Maximos, M.; Huber, E.; Li, A.; Lê, M.-L. A sex- and gender-based analysis of adverse drug reactions: A scoping review of pharmacovigilance databases. Pharmaceuticals 2022, 15, 298. [Google Scholar] [CrossRef] [Scilit]

	



Rademaker, M. Do women have more adverse drug reactions? Am. J. Clin. Dermatol. 2001, 2, 349–351. [Google Scholar] [CrossRef] [Scilit] [PubMed]

	



Xiong, X.; Yuan, J.; Li, M.; Jiang, B.; Lu, Z.K. Age and gender disparities in adverse events following COVID-19 vaccination: Real-world evidence based on big data for risk management. Front. Med. 2021, 8, 700014. [Google Scholar] [CrossRef] [Scilit] [PubMed]

	



Swissmedic. Reports of Suspected Adverse Reactions to COVID-19 Vaccines in Switzerland. 2022. Available online: https://www.swissmedic.ch/swissmedic/en/home/news/coronavirus-covid-19/covid-19-vaccines-safety-update-11.html (accessed on 9 August 2022).

	



Ritchie, H.; Mathieu, E.; Rodés-Guirao, L.; Appel, C.; Giattino, C.; Ortiz-Ospina, E.; Hasell, J.; Macdonald, B.; Beltekian, D.; Roser, M. Coronavirus Pandemic (COVID-19). 2020. Available online: https://ourworldindata.org/covid-vaccinations (accessed on 11 August 2022).

	



COVID-19 Vaccinations Administered Number by Manufacturer U.S. Statista. 2022. Available online: https://www.statista.com/statistics/1198516/covid-19-vaccinations-administered-us-by-company/ (accessed on 11 August 2022).

	



European Medicines Agency. Safety of COVID-19 Vaccines. 2022. Available online: https://www.ema.europa.eu/en/human-regulatory/overview/public-health-threats/coronavirus-disease-covid-19/treatments-vaccines/vaccines-covid-19/safety-covid-19-vaccines (accessed on 11 August 2022).

	



Centers for Disease Control and Prevention. About the Vaccine Adverse Event Reporting System (VAERS). Available online: https://wonder.cdc.gov/controller/datarequest/D8 (accessed on 11 August 2022).

	



Wang, L.; Yang, N.; Yang, J.; Zhao, S.; Su, C. A review: The manifestations, mechanisms, and treatments of musculoskeletal pain in patients with COVID-19. Frontiers Pain Res. 2022, 3, 826160. [Google Scholar] [CrossRef] [Scilit]

	



World Health Organization. Side Effects of COVID-19 Vaccines. 2021. Available online: https://www.who.int/news-room/feature-stories/detail/side-effects-of-covid-19-vaccines (accessed on 11 August 2022).

	



Rapsinski, G.J. What Happens When the COVID-19 Vaccines Enter the Body—A Road Map for Kids and Grown-Ups. 2021. Available online: https://theconversation.com/what-happens-when-the-covid-19-vaccines-enter-the-body-a-road-map-for-kids-and-grown-ups-164624 (accessed on 11 August 2022).

	



Agenzia Italiana del Fármaco. Rapporto Sulla Sorveglianza dei Vaccini anti-COVID-19 (27/12/2020–26/06/2022). 2022. Available online: https://www.aifa.gov.it/documents/20142/1315190/Rapporto_sorveglianza_vaccini_COVID-19_12.pdf (accessed on 11 August 2022).

	



Castaldo, M.; Waliszewska-Prosół, M.; Koutsokera, M.; Robotti, M.; Straburzyński, M.; Apostolakopoulou, L.; Capizzi, M.; Çibuku, O.; Ambat, F.D.F.; Frattale, I.; et al. Headache onset after vaccination against SARS-CoV-2: A systematic literature review and meta-analysis. J. Headache Pain 2022, 23, 41. [Google Scholar] [CrossRef] [Scilit]

	



Tan, A.Y.; Chang, C.T.; Yu, Y.K.; Low, Y.X.; Razali, N.F.M.; Tey, S.Y.; Lee, S.W.H. Adverse events following BNT162b2 mRNA COVID-19 vaccine immunization among healthcare workers in a tertiary hospital in Johor, Malaysia. Vaccines 2022, 10, 509. [Google Scholar] [CrossRef] [Scilit]

	



Paczkowska, A.; Hoffmann, K.; Michalak, M.; Hans-Wytrychowska, A.; Bryl, W.; Kopciuch, D.; Zaprutko, T.; Ratajczak, P.; Nowakowska, E.; Kus, K. Safety profile of COVID-19 vaccines among healthcare workers in Poland. Vaccines 2022, 10, 434. [Google Scholar] [CrossRef] [Scilit]

	



Riad, A.; Pokorná, A.; Mekhemar, M.; Conrad, J.; Klugarová, J.; Koščík, M.; Klugar, M.; Attia, S. Safety of ChAdOx1 nCoV-19 vaccine: Independent evidence from two EU states. Vaccines 2021, 9, 673. [Google Scholar] [CrossRef] [Scilit]

	



European Medicines Agency. COVID-19 Vaccine AstraZeneca: PRAC Investigating Cases of Thromboembolic Events—Vaccine’s Benefits Currently Still Outweigh Risks—Update. 2021. Available online: https://www.ema.europa.eu/en/news/covid-19-vaccine-astrazeneca-prac-investigating-cases-thromboembolic-events-vaccines-benefits (accessed on 15 September 2022).

	



US Food & Drug Administration. FDA and CDC Lift Recommended Pause on Johnson & Johnson (Janssen) COVID-19 Vaccine Use Following Thorough Safety Review. 2021. Available online: https://www.fda.gov/news-events/press-announcements/fda-and-cdc-lift-recommended-pause-johnson-johnson-janssen-covid-19-vaccine-use-following-thorough (accessed on 15 September 2022).

	



Paterlini, M. COVID-19: Sweden, Norway, and Finland suspend use of Moderna vaccine in young people “as a precaution”. BMJ 2021, 375, n2477. [Google Scholar] [CrossRef] [Scilit] [PubMed]

	



Lamptey, E. Post-vaccination COVID-19 deaths: A review of available evidence and recommendations for the global population. Clin. Exp. Vaccine Res. 2021, 10, 264–275. [Google Scholar] [CrossRef] [Scilit] [PubMed]








[image: Jcm 11 05591 g001] 





Figure 1. Characterization of notifications by type of notifier. 
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Figure 2. Characterization of notifications by District of Origin of notification. 
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Figure 3. Characterization of notifications according to Gender. 
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Figure 4. Characterization of notifications according to the type of vaccine. 
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Figure 5. Characterization of notifications according to the brand name of the vaccine. 






Figure 5. Characterization of notifications according to the brand name of the vaccine.



[image: Jcm 11 05591 g005]







[image: Jcm 11 05591 g006] 





Figure 6. Characterization of Adverse Drug Reactions according to the description in the SmPC. 
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Figure 7. Study of Causality. 
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Figure 8. Characterization of notifications according to seriousness. 
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Figure 9. Characterization of serious notifications according to the brand name of the vaccine administered. 
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Figure 10. Characterization of serious notifications according to the seriousness criteria. 
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Figure 11. Characterization of serious notifications with the seriousness criteria “Hospitalization”, according to the brand of vaccine administered. 
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Figure 12. Characterization of serious notifications with the seriousness criteria “Life Risk”, according to the brand of vaccine administered. 
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Figure 13. Characterization of serious notifications with the seriousness criteria “Death”, according to the brand of vaccine administered. 
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Table 1. Distribution of notifications by age group.
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	Age Groups
	Frequency
	Percentage (%)





	(5–11)
	0
	0.0



	(12–17)
	7
	0.33



	(18–24)
	108
	5.06



	(25–49)
	1230
	57.64



	(50–64)
	574
	26.90



	(65–79)
	97
	4.55



	≥80
	66
	3.09



	Unknown
	52
	2.44



	Total
	2134
	100.00










 





Table 2. Characterization of Adverse Drug Reactions by System Organ Class groups.
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	System Organ Class Groups
	Frequency
	Percentage (%)





	General disorders and administration site conditions
	2454
	43.17



	Nervous system disorders
	1048
	18.43



	Musculoskeletal and connective tissue disorders
	1015
	17.85



	Gastrointestinal disorders
	464
	8.16



	Blood and lymphatic system disorders
	147
	2.59



	Skin and subcutaneous tissue disorders
	144
	2.53



	Respiratory, thoracic and mediastinal disorders
	115
	2.02



	Infections and infestations
	65
	1.14



	Vascular disorders
	62
	1.09



	Cardiac disorders
	42
	0.74



	Psychiatric disorders
	22
	0.39



	Injury, poisoning and procedural complications
	21
	0.37



	Ear and labyrinth disorders
	19
	0.33



	Eye disorders
	16
	0.28



	Metabolism and nutrition disorders
	13
	0.23



	Investigations
	11
	0.19



	Reproductive system and breast disorders
	10
	0.18



	Immune system disorders
	8
	0.14



	Renal and urinary disorders
	6
	0.11



	Social Circumstances
	2
	0.04



	Pregnancy, puerperium and perinatal conditions
	1
	0.02



	Total
	5685
	100.00










 





Table 3. Characterization of Adverse Drug Reactions according to the Preferred Term.
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	Adverse Drug Reaction
	Frequency
	Percentage (%)





	Reaction at or around the site of administration
	1147
	20.18



	Myalgia
	751
	13.21



	Headache
	608
	10.69



	Pyrexia
	499
	8.78



	Chills
	222
	3.91



	Nauseas
	219
	3.85



	Fatigue
	214
	3.76



	Somnolence
	178
	3.13



	Arthralgia
	160
	2.81



	General Pain and Malaise
	156
	2.74



	Lymphadenopathy
	141
	2.48



	Asthenia
	106
	1.86



	Diarrhoea
	98
	1.72



	Dizziness
	92
	1.62



	Vomiting
	91
	1.60



	Pain in extremity
	68
	1.20



	Rash
	65
	1.14



	Change in body temperature
	65
	1.14



	Influenza
	63
	1.11



	Other reactions *
	742
	13.05



	Total
	5685
	100.00







* The “Other reactions” category encompasses adverse reactions with a notification rate ≤1%.













 





Table 4. Characterization of Adverse Drug Reactions according to the degree of causality attributed.
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	Causality
	Frequency
	Percentage (%)





	Definitive
	0
	0.00



	Probable
	100
	42.02



	Possible
	118
	49.58



	Unlikely
	18
	7.56



	Conditional
	0
	0.00



	Unclassifiable
	2
	0.84



	Total
	238
	100.00










 





Table 5. Characterization of serious notifications with the seriousness criteria “Hospitalization”, according to the associated age.
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	Age Group
	Frequency
	Percentage (%)





	(5–11)
	0
	0.00



	(12–17)
	0
	0.00



	(18–24)
	2
	4.76



	(25–49)
	13
	30.95



	(50–64)
	7
	16.67



	(65–79)
	12
	28.57



	≥80
	7
	16.67



	Unknown
	1
	2.38



	Total
	42
	100.00










 





Table 6. Characterization of serious notifications with the seriousness criterion “Life Risk”, according to the associated age.
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	Age Group
	Frequency
	Percentage (%)





	(5–11)
	0
	0.00



	(12–17)
	0
	0.00



	(18–24)
	1
	16.67



	(25–49)
	3
	50.00



	(50–64)
	1
	16.67



	(65–79)
	0
	0.00



	≥80
	1
	16.67



	Unknown
	0
	0.00



	Total
	6
	100.00










 





Table 7. Evolution of Adverse Drug Reactions associated with vaccines used in immunization against COVID-19.
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	Evolution of Adverse Drug Reactions
	Frequency
	Percentage (%)





	Cure
	5361
	94.30



	Cure with collateral damage
	9
	0.16



	In recovery
	6
	0.11



	Death
	6
	0.11



	Unknown
	303
	5.33



	Total
	5685
	100.00










 





Table 8. Relationship between the Adverse Drug Reactions of the notifications that progressed to death with the terms belonging to the Import Medical Event (IME) list.






Table 8. Relationship between the Adverse Drug Reactions of the notifications that progressed to death with the terms belonging to the Import Medical Event (IME) list.





	System Organ Class Group
	IME List Terms





	Cardiac disorders (3)
	Acute myocardial infarction (2); Cardiogenic shock (1)



	Renal and urinary disorders (1)
	Acute kidney injury (1)



	Metabolism and nutrition disorders (1)
	Hyperkalaemia (1)
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