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Daniel Amado Carrillo-García b, Anaclara Michel-Chávez a, Javier Andrés Galnares-Olalde c, 
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A B S T R A C T   

mRNA vaccines against SARS-CoV-2 are remarkably effective. Limited information exists about the incidence of 
adverse events following immunization (AEFI) with their use. We conducted a prospective observational study 
including data from 704,003 first-doses recipients; 6536 AEFI were reported, of whom 65.1% had at least one 
neurologic AEFI (non-serious 99.6%). Thirty-three serious events were reported; 17 (51.5%) were neurologic 
(observed frequency, 2.4/100,000 doses). At the time of writing this report, 16/17 cases had been discharged 
without deaths. Our data suggest that the BNT162b2 mRNA COVID-19 vaccine is safe; its individual and societal 
benefits outweigh the low percentage of serious neurologic AEFI. This information should help to dissipate 
hesitancy towards this new vaccine platform.   

1. Introduction 

Since the coronavirus disease 2019 (COVID-19) pandemic began, 

>127 million infections and > 2.7 million deaths have been reported 
worldwide [1]. To reduce the burden on healthcare systems, massive 
vaccination is, therefore, a top global priority. Shortly after 
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demonstrations of the BNT162b2 mRNA COVID-19 vaccine safety and 
efficacy, Mexico granted emergency approval for its use and started 
widespread vaccination (mainly among healthcare workers) on 
December 24, 2020 [2]. Mexico has an ongoing passive surveillance 
system assessing adverse events potentially related to immunizations, 
including COVID-19 vaccines [3]. Within days, the surveillance system 
identified a suspicious cluster of serious neurologic adverse events 
following immunization (AEFI) among first-dose recipients, prompting a 
thorough analysis of every potentially serious AEFI by a multidisci-
plinary group of physicians. 

To this day, there are only two published papers describing at least 
one neurologic adverse following vaccination with the BNT162b2 
mRNA vaccine against severe acute respiratory syndrome coronavirus 2 
(SARS-CoV-2). A worldwide randomized clinical trial (RCT) evaluating 
its safety and efficacy reported a headache frequency > 30% [4], and a 
descriptive study from the United States conducted by the Centers for 
Disease Control and Prevention (CDC) using data obtained from their 
Vaccine Adverse Event Reporting System describes a lower frequency of 
21.8% [5], both among first-dose recipients. However, none of those 
studies described other serious or non-serious neurologic AEFI. 

This report on first-dose recipients of the BNT162b2 mRNA COVID- 
19 vaccine from December 24, 2020, to February 12, 2021, in Mexico, 
aims to describe the systemic, and potential neurologic AEFI, focusing 
on serious neurologic events. This information has potential implications 
for increasing awareness of vaccine safety among Latinx, an underrep-
resented group in RCTs that has historically shown skepticism for novel 
vaccines [6,7]. 

2. Methods 

2.1. Study design and population 

This prospective observational cohort study on all adverse events 
following the first dose of the BNT162b2 mRNA COVID-19 vaccine from 
December 24, 2020, to February 12, 2021, in Mexico, was performed 
using a dataset comprising daily updated information on AEFI, obtained 
from the General Board of Epidemiology (in Spanish, Dirección General 
de Epidemiología) of the Mexican Ministry of Health. The cut-off date for 
this data and follow-up of hospitalized cases was February 18, 2021. The 
Mexican Epidemiological Surveillance System monitors AEFI 
throughout >23,300 medical units, distributed across the country, 
including public, social security-managed, and private units. This is a 
passive surveillance system where events are reported either by the 
health institution or directly by the recipient. Surveillance is carried out 
for 30 days after vaccine administration; vaccine-specific, clinical, and 
epidemiological data are recorded. A printed and web-based operational 
manual guides on the definition, reporting, and follow-up of AEFI. When 
AEFI are identified, evaluation and follow-up are performed at the local 
level, where they are characterized as either non-serious or serious [3]. 
All potentially serious AEFI were evaluated by an ad-hoc committee. The 
study was revised and approved by the Ethics and Research Committees 
of the Instituto Nacional de Ciencias Médicas y Nutrición Salvador Zubirán 
(Ref. NER-3667-20-21-1) and the Mexican Ministry of Health. Due to the 
nature of the study, both Committees waived the need for signed 
informed consent. 

2.2. Definitions of adverse events following immunization 

Following the World Health Organization (WHO) operational defi-
nition [8], in Mexico, non-serious AEFI are events attributable to and 
occurring in the first 30 days after vaccination and immunization that a) 
do not pose an imminent risk of death; b) disappear without treatment or 
only require symptomatic treatment; c) do not require hospitalization; 
and, d) do not cause long-term disability, including local (e.g., rash, 
swelling, injection-site pain or infection that is treated on an outpatient 
basis), or systemic (e.g., fever, headache, malaise, muscle and/or joint 

pain or Diarrhea) events. In contrast, serious AEFI are those occurring in 
the first 30 days after vaccination, presenting with any clinical mani-
festation that meets one or more of the following criteria: a) lead to 
death; b) put life in imminent danger; c) lead to persistent or significant 
disability; d) in the case of pregnant women, cause in-utero malforma-
tions; or, e) require or prolong in-hospital treatment [3]. 

2.3. Definitions of neurologic adverse events following immunization 

For this analysis, we defined neurologic AEFI as those presenting 
with any sign or symptom potentially related to central or peripheral 
nervous system dysfunction; we, therefore, considered AEFI as neuro-
logic whenever they included at least one of the following: headache, 
motor symptoms, sensory symptoms, focalizing signs, and altered 
mental status (including syncope). From the clinical notes, we defined 
weakness as a construct using the following search terms taken from the 
clinical notes: paresis, weakness, diminished strength, lack of strength, 
paralysis, or a combination thereof. Similarly, a construct of sensory 
symptoms included the following: paresthesia, dysesthesia, numbness, 
pinprick, tingling, or a combination thereof. Headache, sensory symp-
toms, weakness, and syncope were considered non-serious neurologic 
adverse events unless otherwise defined by the medical personnel or if 
fulfilling the definition of serious AEFI. Guillain-Barré syndrome (GBS), 
acute transverse myelitis, seizures, and acute palsy or paralysis were 
confirmed by a neurologist and considered serious neurologic adverse 
events. 

2.4. Data collection 

We obtained de-identified data for all AEFI, including age, sex, 
pregnancy (self-reported), history and type of allergies (drugs, food, or 
other); history of confirmed SARS-CoV-2 infection by either real-time 
reverse transcription-polymerase chain reaction (RT-PCR), or antigen 
tests; the history of non-SARS-CoV-2 infection ≤15 days before vacci-
nation; occupation; vaccine-related symptoms (assessed by the 
attending physician of the event); interval in minutes from vaccine 
receipt to first symptom onset; AEFI-related relevant clinical notes by 
the medical personnel; type of AEFI; as well as hospitalization require-
ment, including clinical outcome and hospital length of stay (LOS). At 
least two researchers (MG-G, AA, LH-V, AE-O, MMS-A, SIV-F.) inde-
pendently reviewed all data for the constructed and non-constructed 
variables, and a third researcher adjudicated any difference in inter-
pretation between the primary reviewers. 

2.5. Statistical analysis 

We compared the characteristics between vaccine recipients who 
developed neurologic AEFI and those who did not. Continuous variables 
are reported as median with interquartile range (IQR), and categorical 
variables are presented as frequencies and proportions. Analyses of 
differences between categorical variables were performed with the X2 or 
Fisher’s exact tests as appropriate. Differences in non-parametric 
continuous variables were assessed with the Mann-Whitney U test. We 
calculated the incidence proportion of neurologic adverse events per 
100,000 administered doses. Variables with missing data were analyzed 
and presented separately. All values were two-tailed and considered 
significant when the P-value was <0.05. Statistical analyses were per-
formed using IBM SPSS Statistics, version 26 (IBM Corp., Armonk, NY, 
USA). 

3. Results 

From December 24, 2020, to February 12, 2021, 704,003 first doses 
of the BNT162b2 mRNA COVID-19 vaccine were administered in 
Mexico; 188,349 (26.8%) to women and 515,654 (74.2%) to men. 
During that period, the Mexican Epidemiological Surveillance System 
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received and processed 6536 (0.5%) reports of AEFI. Among all reported 
AEFI, 6503 (99.5%) were classified as non-serious, and 33 (0.005%) as 
serious (4.7/100,000 doses). The median age of the vaccine recipients 
who reported AEFI was 36 (IQR, 30–44) years; 4984 (76.3%) were 
women (Table 1); six of them were pregnant, but none develop serious 
AEFI. Information on allergy history was available from 5847 cases; 
among these, 5825 (99.6%) of those developing AEFI had a positive 
history of allergy. Information on the history of SARS-CoV-2 infection 
was available to form 6411 recipients; of those, 1763 (27.5%) had a 
known history of COVID-19. 

Of all AEFI, 4258 (65.1%) were neurologic (604.8/100,000 doses); 
3242 (76.1%) occurred in women, and 1016 (23.9%) in men (Table 1); 
patients with neurologic AEFI were younger (P < 0.001). Neurologic 
events were more frequent among nurses and other healthcare workers 
(P < 0.001). The proportion of recent (≤ 15 days) history of non-SARS- 
CoV-2 infection and allergies was similar between groups. The rate of 
confirmed SARS-CoV-2 infection any time before receiving the vaccine 
was higher among those who developed neurologic AEFI (29.8% vs 
23.2%; P < 0.001). Except for bronchospasm (P < 0.870) and anaphy-
laxis/anaphylactic shock (P < 0.252), other non-neurologic AEFI were 
significantly (P < 0.001) more common among patients with neurologic 
AEFI (Table 2). The interval in minutes from vaccination to the first 
symptom was significantly longer in patients with neurologic AEFI 
(62.5% of them presented ≥60 min after receiving the vaccine) versus 
those with non-neurologic AEFI (P < 0.001). 

The overall incidence of non-serious neurologic AEFI was 600.7 cases 
per 100,000 administered doses, with headache (62.2%; 577.7/100,000 
doses), transient sensory symptoms (3.5%; 32.9/100,000 doses), and 
weakness (1%; 9.1/100,000 doses) being the most frequent complaints. 
Table 3 shows frequent neurologic adverse events per sex and age group. 
Interestingly, seizures not requiring hospitalization were reported in 
eight recipients (1.1/100,000 doses); those occurred in patients with 
pre-existing epilepsy or in patients who missed doses of anti-epileptic 
drugs and were deemed unrelated to the vaccine by the evaluating 
medical team. 

Among 33 serious AEFI, 17 (51.7%) were neurologic (2.4/100,000 

doses); of those, seven corresponded to seizures (0.99/100,000 doses); 
four, to functional syndromes (0.56/100,000 doses); three, to GBS 
(0.43/100,000 doses); two, to acute transverse myelitis (0.28/100,000 
doses); and one, to lumbar radiculopathy exacerbation (0.14/100,000 
doses). Table 4 details the characteristics of patients who required 
hospitalization due to a neurologic AEFI. At the time of this report, 16/ 
17 cases of serious neurologic AEFI had been discharged with no 
observed deaths. 

4. Discussion 

To this day, this cohort represents the largest study describing the 
potential neurologic AEFI among first-dose recipients of the BNT162b2 
mRNA COVID-19 vaccine. Less than a year after identifying SARS-CoV- 
2, at least two mRNA vaccines had been proven effective to prevent and 
reduce the severity and mortality of COVID-19 [4,9,10], but the full 
spectrum of adverse events is incompletely understood, particularly 
among Latinx, an underrepresented population in RCTs. Furthermore, as 
those who had recovered from COVID-19 were excluded from RCTs, the 
type and rate of adverse events were unknown in this group. On 
December 11, 2020, Mexico granted emergency approval for the use of 
the BNT162b2 mRNA COVID-19 vaccine [3], and the first doses were 
administered on December 24, 2020. During the first 50 days, 704,003 
first doses of the vaccine were administered across the country. 

Recent post-RCT vaccine experiences from Israel [10], and the 
United States [9], have confirmed real-world effectivity. However, 
limited information exists on adverse events. Here, we show that non- 
serious events occurred in less than 1% of recipients, while serious ones 
occurred in only 33 (0.005%) recipients, suggesting that the vaccine is 
not only effective but also safe. Most potentially systemic neurologic 
manifestations (e.g., headache) were non-serious and may have occurred 
as part of the so-called sickness behavior [11], or secondary to vaccine 
reactogenicity [12], both related to systemic inflammation, hence un-
related to sustained nervous system dysfunction. 

Among serious AEFI, 52% were neurologic. Interestingly 9 (53%) of 
these presented in those with concomitant allergic, anaphylactic or in-
fectious conditions, suggesting that a double hit (e.g., vaccine-infection, 

Table 1 
Baseline characteristics.   

All AEFI 
(n = 6536) 

Non- 
neurologic 
(n = 2278) 

Neurologic 
(n = 4258) 

Age, median (IQR), years 36 (30–44) 37 (30–45) 36 (29–44) 
Sex, n (%)    

Male 1552 (23.7) 536 (23.5) 1016 (23.9) 
Female 4984 (76.3) 1742 (76.5) 3242 (76.1) 

Occupation, n (%)    
Nurses 3332 (51) 1065 (46.8) 2267 (53.2) 
Physicians 1460 (22.3) 523 (23) 937 (22) 
Other HCWs 806 (12.3) 335 (14.7) 471 (11.1) 
Hospital administrative staff 526 (8) 187 (8.2) 339 (8) 
Other 412 (6.3) 168 (7.4) 244 (5.7) 

History of allergic reactions, n 
(%)a 

5825/5847 
(99.7) 

2002/2013 
(99.5) 

3823/3834 
(99.7) 

Drugs 1133 (19.4) 380 (18.9) 753 (19.6) 
Food 4682 (80.1) 1621 (80.5) 3061 (79.8) 
Other 10 (0.17) 1 (0.05) 9 (0.23) 

Non-SARS-CoV-2 infection ≤
15 days, n (%)a 

113/5943 
(1.9) 

38/2072 (1.8) 75/3871 (1.9) 

History of confirmed SARS- 
CoV-2 infectionc 

1763/6411 
(27.5) 

513/2210 
(23.2) 

1250/4201 
(29.8) 

Differences between categorical variables were analyzed with the X2 or Fisher’s 
exact test and continuous variables with the Mann-Whitney U test; P values for 
those variables with statistical differences are reported in the text. 
Abbreviations: AEFI, adverse event following immunization; IQR, interquartile 
range; HCWs, Health care worker. SARS-CoV-2, severe acute respiratory syn-
drome coronavirus 2. aData were available for 5847 cases (missing: 689 
[10.5%]). bData were available for 5943 cases (missing: 593 [9.1%]). cData were 
available for 6411cases (missing: 125 [1.9%]). 

Table 2 
Systemic adverse events observed in the whole cohort and those with neurologic 
adverse events following immunization.   

All AEFI 
(n = 6536) 

Non- 
neurologic 
(n = 2278) 

Neurologic 
(n = 4258) 

Systemic AEFI, n (%)    
Injection site pain 3147 (48.1) 890 (39.1) 2257 (53) 
Fatigue 2382 (36.4) 399 (17.5) 1983 (46.6) 
Muscle pain 2300 (35.2) 423 (18.6) 1877 (44.1) 
Joint pain 1874 (28.7) 330 (14.5) 1544 (36.3) 
Chills 1745 (26.7) 286 (12.6) 1459 (34.3) 
Nausea 1709 (26.1) 429 (18.8) 1280 (30.1) 
Fever, ≥38 ◦C 1607 (24.6) 278 (12.2) 1329 (31.2) 
Tachycardia 963 (14.7) 284 (12.5) 679 (15.9) 
Rhinorrhea 889 (13.6) 171 (7.5) 718 (16.9) 
Diarrhea 584 (8.9) 109 (4.8) 475 (11.2) 
Vomiting 469 (7.2) 113 (5) 356 (8.4) 
Irritability 187 (2.9) 26 (1.1) 161 (3.8) 
Bronchospasm 62 (0.95) 21 (0.94) 41 (1) 
Anaphylaxis/anaphylactic 
shock 

19 (0.3) 9 (0.4) 10 (0.2) 

Time to AEFI onset, median 
(IQR), minutesa 

180 
(15–900) 

30 (10–600) 300 
(20− 1020) 

Differences between categorical variables were analyzed with the X2 or Fisher’s 
exact test and continuous variables with the Mann-Whitney U test; P values for 
those variables with statistical differences are reported in the text. 
Abbreviations: AEFI, adverse event following immunization; IQR, interquartile 
range. aTime to AEFI onset, n = 6053 (missing: 486 [7.4%]) for the whole 
cohort, n = 2134 (93.7%) for non-neurologic, and n = 3919 (92%) for 
neurologic. 
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vaccine-anaphylaxis) is likelier to breach the immuno-privileged ner-
vous system and lead to neurologic manifestations [13]. Most patients 
experienced complete recovery within days to weeks without long-term 
sequelae, suggesting that an acute and transient inflammatory trigger 
may lead to nervous system dysfunction. 

Seizures were the most frequent (35%) serious neurologic AEFI. 
SARS-CoV-2 has the potential to gain access to the central nervous 
system [14] and induce the production of proinflammatory cytokines by 

microglia and astrocytes [15], leading to hyperexcitability and epileptic 
seizures [16]. In our cohort, at least two cases of seizures occurred in 
patients with concomitant COVID-19. A change in seizure threshold 
among recipients of mRNA vaccines has not been observed in RCTs, and, 
according to our data, this is unlikely; it is possible that structural (e.g., 
pre-existing epilepsy) or pathological conditions (e.g., concomitant 
COVID-19) may explain most of the reported seizures. While vaccines 
may increase the frequency of febrile seizures in children, in most cases, 

Table 3 
Most frequent neurologic adverse events per sex and age group.   

Female 
(n = 3242) 

Male 
(n = 1016) 

Age group, n (%) Headache 
(n = 3089) 

Sensory symptoms 
(n = 196) 

Weakness 
(n = 42) 

Syncope 
(n = 19) 

Headache 
(n = 978) 

Sensory symptoms 
(n = 36) 

Weakness 
(n = 22) 

Syncope 
(n = 7) 

18 to 29 years 776 (25.1) 46 (23.5) 15 (35.7) 5 (26.3) 285 (29.1) 9 (25) 10 (45.5) 3 (42.9) 
30 to 39 years 1128 (36.5) 71 (36.2) 14 (33.3) 5 (26.3) 400 (40.9) 15 (41.7) 4 (18.2) 2 (28.6) 
40 to 49 years 828 (26.8) 60 (30.6) 7 (16.7) 5 (26.3) 198 (20.2) 8 (22.2) 5 (22.7) 2 (28.6) 
50 to 59 years 333 (10.8) 18 (9.2) 6 (14.3) 3 (15.8) 76 (7.8) 2 (5.6) 2 (9.1) 0 
≥60 years 24 (0.8) 1 (0.5) 0 1 (5.3) 19 (1.9) 2 (5.6) 1 (4.5) 0  

Table 4 
Characteristics of patients with serious neurologic adverse events after the first dose of the BNT162b2 mRNA COVID-19 vaccine.  

Baseline characteristics Concomitant factors Neurologic AEFI characteristics 

Sex / 
Age, 
years 

Medical history History of 
COVID-19 

Non- 
neurologic 
AEFI 

Infectious Pre-existing 
neurologic 
condition 

Time to 
neurologic 
AEFI onset 

Diagnosis LOS Current status 

M / 25 Food allergy No Fever GI No 12 days GBS 7 
days 

Discharged 
home 

F / 53 Drug allergy Yes No GI No 6 days GBS NA Hospitalized 
(IMV) 

M / 33 Food allergy No No GI No 28 days GBS 10 
days 

Discharged 
home 

F / 33 None Unknown Anaphylactic 
shock 

No No 25 min Transverse myelitis 8 
days 

Discharged 
home 

F / 33 Drug allergy No No No No 10 min Transverse myelitis 8 
days 

Discharged 
home 

M / 26 Food allergy No Allergic 
reaction 

COVID-19 No 24 h Seizures and pseudo- 
seizures (organic/ 
functional) 

6 
days 

Discharged 
home 

M / 32 Food allergy No Allergic 
reaction 

COVID-19 
(hyponatremia and 
AKI) 

No 10 h Generalized seizures 10 
days 

Discharged 
home 

F / 31 Food allergy No No No No 4 days  
Generalized seizures 

4 
days 

Discharged 
home 

F / 32 Food allergy No Anaphylactic 
reaction 

No No 20 min Generalized seizures 12 
days 

Discharged 
home 

F / 44 Epilepsy (poor 
AED compliance) 
Drug allergy 

No Acute anxiety No Yes 19 min Generalized seizures 4 
days 

Discharged 
home 

M / 64 Epilepsy (poor 
AED compliance) 
Cerebral 
cavernous 
malformation 
Drug allergy 

No Fever No Yes 5 h Generalized seizures 2 
days 

Discharged 
home 

F / 39 Epilepsy (poor 
AED compliance) 
Drug allergy 

No Acute anxiety No Yes 3 min Generalized seizures 2 
days 

Discharged 
home 

F / 29 Drug allergy No No No No 8 h Functional 
(weakness) 

4 
days 

Discharged 
home 

F / 18 Drug allergy No No No No 30 min Functional 
(weakness) 

1 
days 

Discharged 
home 

F / 22 Drug allergy No No No No 13 h Functional 
(weakness) 

5 
days 

Discharged 
home 

F / 42 Epilepsy (poor 
AED compliance) 

Unknown No No No 20 min Functional (seizures) 1 
days 

Discharged 
home 

F / 52 Lumbar 
radiculopathy 
Food allergy 

Yes No No Yes 14 days Lumbar 
radiculopathy 
exacerbation 

5 
days 

Discharged 
home 

Abbreviations: F, female; M, male; AED, antiepileptic drugs; COVID-19, coronavirus disease 2019; AEFI, adverse event following immunization; GI, gastrointestinal; 
AKI, acute kidney injury; LOS, hospital length of stay; GBS, Guillain-Barré syndrome; NA, not applicable; IMV, invasive mechanical ventilation. 
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the coexistence of structural or genetic causes explains epileptic seizures 
[17–19]. The temporal association of seizures with inactivated and live 
attenuated viral vaccines is well known but infrequent [17]. The 
calculated lifetime prevalence of epilepsy in Latin America is 14.9/1000 
inhabitants [19]. A similar prevalence is expected in our cohort, where 
only a handful of epileptic seizures occurred, suggesting that mRNA 
vaccines are not associated with a higher frequency of new-onset sei-
zures, and are safe even among those with a history of seizures/epilepsy 
(~1.5% of those immunized). 

GBS is an acquired, rapidly progressive autoimmune disorder of the 
peripheral nerve roots involving myelin, axons, or both, resulting in an 
acute, monophasic paralyzing illness. [20] Systemic viral infections, 
including COVID-19 [20–22], have been associated with the loss of 
immune tolerance leading to GBS. While vaccines have also been 
empirically linked to GBS, epidemiological evidence from different 
vaccine types and genetic backgrounds suggests that a causal association 
is spurious [23,24]. In our cohort, we identified only three cases of GBS, 
all with clinical, laboratory, and electrophysiological confirmation. 
Interestingly, although COVID-19 has been epidemiologically linked to 
GBS [20–22], none of the three cases tested positive for SARS-CoV-2 
during the presentation of GBS. Interestingly, all three had suspected 
or confirmed acute gastrointestinal infections with clinical onset after 
receiving the vaccine, suggesting that concomitant infections may result 
in increased susceptibility (if not entirely responsible) for peripheral 
nerve damage. However, an observed incidence of 0.43/100,000 doses 
falls within the expected all-cause incidence of GBS (1.1–1.8/100,000 
persons/year) [20,25], suggesting that mRNA vaccines are not linked 
mechanistically to GBS. 

Functional neurologic disorders are relatively common in the general 
neurology practice. Clusters of functional neurologic events can occur in 
response to novel vaccines’ mass administration, as recently observed in 
Colombian teenagers after human papillomavirus immunization [26]. 
Unsurprisingly, fear and hopelessness surrounding COVID-19 mix well 
with skepticism towards a novel vaccine platform [6,27], leading to 
increased awareness and anxiety towards the vaccine [28], which may 
also explain the frequency of other events such as transient sensory 
symptoms, weakness, and syncope (vasovagal response) as part of an 
immunization stress-related response [29,30]. At least two functional 
paralysis cases coincided in time and place, both in healthcare workers, 
where the index case was treated by the person developing the neuro-
logic symptoms within hours. Statistics of COVID-19 vaccine hesitancy 
in Mexico are unknown, but a scenario similar to the one in the United 
States is likely, where about one in four adults admits that probably or 
definitely will not get the vaccine [31]. We fear that news of adverse 
events -organic or functional- taken out of context can harm public 
confidence in all COVID-19 vaccines, creating further hesitance result-
ing in suboptimal vaccination. 

Finally, we observed a disproportionate effect of adverse events 
among female recipients. While only 26.8% of vaccines in the present 
report were administered to women, 76.3% of adverse events occurred 
in them; putting this in perspective, there was a 10-fold increase in AEFI 
among women (1.7% vs 0.19%). This trend has been observed with 
other vaccines and, while probably multifactorial, is likely the effect of 
sexual dimorphism of the immune system [32]. Genetic and hormonal 
differences influence response to self and exogenous antigens. Women 
are more susceptible to autoimmune disease but have lower infection 
rates and better antibody response to vaccines than men [33,34]. Alas, 
women consistently report more vaccine-related adverse events [35]. 
Furthermore, it is also possible beyond biological factors, external 
pressures including social (e.g., communal perception of symptoms as a 
manifestation of weakness), psychological, and cultural factors (e.g., 
societal perceptions of toughness and resilience) may lead to reduce self- 
reporting by Latinx male [36]. 

Our study has limitations, including the passive nature of the 
reporting system, where some non-serious events may be underreported. 
We relied on limited data, and other relevant data such as comorbidities, 

duration of symptoms, and data on those recipients without adverse 
events to investigate other possible associations for the development of 
neurologic AEFI were not included in the dataset. Also, healthcare 
workers constitute a large majority of this cohort, a population that is 
more aware of potential adverse events but more prone to self-medicate 
and probably underreport them. In line with that, this manuscript rep-
resents an early analysis of vaccine recipients consisting mainly of first- 
line healthcare workers, a population that in Mexico is currently over-
represented by young and healthy males. When we planned the present 
study, Mexico had only started the vaccination campaign focusing on 
frontline healthcare workers and using only the BNT162b2 mRNA. 
However, as of June 10, 2021, at least 35.2 million people are at least 
partially vaccinated with six different options, including both, mRNA 
and adenovirus-based ones. Shortly, we plan to perform a new analysis 
of a larger sample size that will include not only healthcare workers but 
the general public as well. Moreover, that analysis will compare mRNA 
vaccines with adenovirus-vectored ones. 

5. Conclusions 

Our data suggest that the BNT162b2 mRNA COVID-19 vaccine is safe 
and effective. The potential reduction in disease severity and mortality 
(that is, the benefits at individual and societal levels) outweigh the 
observed local, systemic, and neurological adverse events. We hope this 
data will help to reduce hesitancy towards mRNA COVID-19 vaccines. 
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