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Introduction: Brazil has been at the core of the COVID-19 pandemic, with the second-highest death toll
worldwide. A mass vaccination campaign was initiated on May 16th, 2021, in Botucatu, Brazil, where
two doses of ChadOx1-nCoV19 were offered 12 weeks apart to all 18–60- year-olds. This context offers
a unique opportunity to study the vaccine safety during a mass campaign.
Methods: The first and second doses of the vaccine were administered in May and August 2021, respec-
tively. Emergency room (ER) and hospitalization records were obtained from the Hospital das Clínicas da
Faculdade de Medicina de Botucatu for six weeks before and six weeks after the first and second doses,
from 4 April to 19 September 2021. Diagnoses with COVID-19-related ICD codes were excluded to distin-
guish any trends resulting from the COVID-19 pandemic. ER and hospital visits during the two time peri-
ods were compared, including an ICD code comparison, to identify any changes in disease distributions.
Data were scanned for a defined list of Adverse Events of Special Interest (AESIs), as presented by the
Safety Platform for Emergency Vaccines.
Results and discussion: A total of 77,683 and 74,051 subjects received dose 1 and dose 2 of ChadOx1-
nCoV19, respectively. Vaccination was well tolerated and not associated with any major safety concerns.
Increases in ER visits 1 week following both doses were primarily seen in ICD codes related to non-serious
side effects of the vaccine, including vaccination site pain and other local events. The neurological AESIs
identified (2 of 3 cases of multiple sclerosis) were relapses of a pre-existing condition. One potentially
serious hospitalization event for Bell’s palsy had onset before vaccination with dose 1, in a patient
who also had a viral infection of the central nervous system. There was no myocarditis, pericarditis cases,
or vaccine-related increases in thromboembolic events.

� 2022 Published by Elsevier Ltd.
1. Introduction

Brazil has been at the core of the COVID-19 pandemic, reporting
the second highest death toll worldwide [1]. The autonomy of
municipality and state governments has led to varying policies
and degrees of implementation of non-pharmacological interven-
tions (NPIs), including the use of masks and mobility restrictions
across the country [2–4]. As these measures have had a varying
impact [5], interventions such as mass immunization can be an
important tool to rapidly contain the spread of SARS-Cov-2 [6].

At the time of the project, two vaccines were primarily used in
the national immunization program (NIP). These were Coronavac�,
developed by the Chinese company Sinovac in partnership with the
Butantan Institute [7], and ChadOx1-nCoV19� (registered in Brazil
vaccine
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as ‘‘recombinant COVID-19 vaccine”), developed by the University
of Oxford and AstraZeneca, produced and distributed in Brazil by
the Oswaldo Cruz Foundation (FioCruz) [8].

Mass vaccination offers a unique opportunity to study the
safety of the intervention by comparing disease rates immediately
before and after the campaign. We took advantage of a pre-
planned study of the effectiveness of the recombinant COVID-19
vaccine from Oxford/Fiocruz in a large-scale administration to also
assess the safety of this vaccine.
2. Methods

2.1. Study population and design

We conducted an ecological study looking at event rates before
and after the mass vaccination campaign conducted in Botucatu,
Brazil, a city with a population of 142,092 inhabitants. Botucatu
is a city in inner São Paulo State, harboring a university hospital
that provides tertiary care for surrounding municipalities, an area
comprising half a million people. The municipal health department
adheres to the family health program within Brazil’s socialized
Unified Health System (SUS); and historically has had high adher-
ence to previous vaccination campaigns.

All citizens aged 18–60 years (N = 92,349) were eligible for inclu-
sion in the campaign independent of any underlying condition. Vac-
cination was offered by qualified healthcare workers in 45 election-
voting locations and four school courts with which the vaccinees
were familiar, to facilitate campaign adherence. A total of 65,450 cit-
izens aged 18–60 years received a first dose of ChadOx1-nCoV19 on a
single day in the campaign, Sunday, May 16. Another 12,233 were
vaccinated in the following four weeks, resulting in a total of
77,683 people receiving a first dose of the vaccine. 60,333 vaccinees
received their second ChadOx1-nCoV19 dose 12 weeks later on Sun-
day, August 8, with an additional 13,718 citizens over the next four
weeks for a total of 74,051 s doses. Thus, vaccination coverage of
the 18–60-year-old population of Botucatu was 84.2% and 80.2%
for the first dose and second dose, respectively. The main objective
of the larger project was to determine the overall and strain-
specific vaccine effectiveness in a mass campaign setting.

A secondary objective was vaccination safety. We obtained ICD-
10 coded hospital and ER diagnoses from the Hospital das Clínicas
da Faculdade de Medicina de Botucatu in Botucatu, Brazil, for
patients of all ages resident in Botucatu, from six weeks before to
six weeks after the first and second doses spanning the period from
4 April to 19 September 2021. The hospital covers 80% of the Botu-
catu population for all ER visits. Confirmed, suspected and proba-
ble COVID-19 cases (coded as U071, U072, and B342), as well as
other respiratory infections (codes B349, J0-J2s) as documented
in the database, were excluded from the analysis to distinguish
the vaccination safety findings from any clinical events resulting
from the ongoing COVID-19 pandemic. As the campaign targeted
adults 18–60 years old, we focused our analyses on patients in this
age group (referred to as the ‘‘vaccinated” cohort). All ER and hos-
pital visits were counted, except in the case that a patient attended
the healthcare facility more than once in a given day, in which case
the earliest record was taken as presented in the dataset.
2.2. Outcomes

We looked at three different outcomes. To identify any
increases in ER or hospitalization rates, we compared the overall
ER visit and hospitalization rates on a weekly basis in the six weeks
preceding the campaign to six weeks after dose 1 and dose 2. May
16 and August 08 were taken as ‘‘day 0” for dose 1 and dose 2
respectively. To identify any increase in specific causes of hospital-
2

ization or ER visits, we compared the distribution of ICD codes
before (otherwise referred to as baseline) and after mass vaccina-
tion. As a final step, records in the vaccinated cohort were scanned
for a defined list of Adverse Events of Special Interest (AESIs), as
presented in the Safety Platform for Emergency Vaccines (SPEAC);
this list was expanded to include other potential serious events
based on recent safety reports of COVID-19 vaccines such as
myocarditis/pericarditis and Bell’s palsy. Additional information
about these cases was sought individually to understand potential
links to vaccination, including cross-checking information on
actual vaccination status and date of vaccination. We counted AESI
by individual. If one AESI was reported both before and after vac-
cination, this was counted in the before category, and only the
most serious event was noted in that category. Although the catch-
ment area for the clinic included cities outside of Botucatu, analy-
ses were restricted to patients from Botucatu.

2.3. Statistical analysis

ER and hospitalization rates were calculated as
numberofERorhospitalvisits

timeperiod , whereby the time period corresponded to the

period of the study, i.e. 42 days. We assumed that the population
denominator would be stable over the study period and, therefore,
did not use this parameter in our calculations. To assess any
increase in rates of AESIs we simply compared the absolute num-
ber of such events as we used similar lengths of observation time
(six weeks before and after each dose) and assumed again that
the population would be stable in this period. All results reported
in this study were descriptive.

We compared the age/gender distribution in the population
aged 20–60 years of age in Botucatu [9], with the population that
attended our healthcare facilities in order to highlight any poten-
tial differences.

3. Results

3.1. ER and hospitalization rates

A total of 20,769 ER and 2,394 hospitalization diagnoses were
reported among patients aged 18–60 years old residing in Botucatu
during the period from April 4 to 19 September 2021, including
multiple ER visits and multiple hospitalization diagnoses for the
same patients. We noted a higher percentage of females in the
20–24, 25–29, and 30–34 years of age categories when compared
to the overall age/gender distribution in Botucatu (see Table 1).

3.2. Dose 1

ER and hospital visits showed an increasing trend starting prior
to the administration of dose 1 of the mass vaccination campaign,
with a slightly higher rate of visits in the six weeks after vaccina-
tion, when compared to the pre-vaccination period (Fig. 1a). The
average weekly number of ER visits was 788 at baseline and 887
after the campaign (a 12.6% increase), and the average weekly
number of hospitalizations was 99 at baseline and 105 after the
campaign (a 6.1% increase). Specifically for ER visits, a steadily
increasing trend prior to vaccination was observed, with a peak
in week 1 after vaccination. Hospitalizations showed a slower
increasing trend, up until one week prior to vaccination, with no
increase in hospitalizations in week 1 after vaccination.

3.3. Dose 2

A clear increase in ER visits was observed in the six weeks after
dose 2 compared to the prior six weeks, with an average weekly



Table 1
Age gender distribution, population of Botucatu vs those seen at our healthcare facilities, 20–60 years old.

Age Group (years old) Total by age group (%) Gender

Female (%) Male (%)

Botucatu HCF Botucatu HCF Botucatu HCF

20–24 10,221 (12.2) 4439 (16.3) 5048 (49.4) 2785 (62.7)* 5173 (50.6) 1654 (37.3)*
25–29 11,307 (13.5) 4032 (14.8) 5631 (49.8) 2596 (64.4)* 5676 (50.2) 1436 (35.6)*
30–34 11,862 (14.2) 3686 (13.5) 5917 (49.9) 2242 (60.8)* 5945 (50.1) 1444 (39.2)*
35–39 12,008 (14.3) 3685 (13.5) 6087 (50.7) 2155 (58.5) 5921 (49.3) 1530 (41.5)
40–44 11,302 (13.5) 3436 (12.6) 5773 (51.1) 1770 (51.5) 5529 (48.9) 1666 (48.5)
44–49 9961 (11.9) 3125 (11.5) 5110 (51.3) 1660 (53.1) 4851 (48.7) 1465 (46.9)
50–54 8859 (10.6) 2424 (8.9) 4642 (52.4) 1223 (50.5) 4217 (47.6) 1201 (49.5)
55–59 8251 (9.8) 2434 (8.9) 4390 (53.2) 1189 (48.8) 3861 (46.8) 1245 (51.2)

*More than a 10-percentage point difference between the age/gender distribution in Botucatu vs attending our healthcare facilities.

Fig. 1a. Weekly rate of visits-Post dose 1.
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number of visits of 782 before and 1004 following the campaign.
This increase continued throughout the entire six weeks after dose
2. Hospital visits showed the opposite trend, with a lower average
number of hospitalizations in the six weeks after dose 2 compared
to the prior (95 compared to 100). The increase in the first week
after dose 2 was much more prominent than that observed in
the first week after dose 1 (see Fig. 1b).
3.4. ICD distributions

The distribution of ICD codes by category was not different in a
clinically relevant way when comparing the two time periods
(after dose 1 and after dose 2, Figs. 2a and 2b). However, a few cat-
3

egories showed higher weekly counts, most notably the R, T, Y and
Z subgroups.
3.5. Dose 1

The highest relative increase in ICD codes from baseline to week
1 after vaccination was observed in the Y subgroup, a group con-
sisting of external causes of morbidity and mortality, with events
related to ‘‘adverse reactions to vaccines” (2.9 times the baseline,
Y590; Y598-99).No distinction could be made on which adverse
reactions these were. In terms of absolute numbers, the largest dif-
ferences from baseline to week 1 after vaccination were seen in the
‘‘R” group, followed by ‘‘T” and ‘‘Z”. Within the R category, consist-



Fig. 1b. Weekly rate of visits- Post dose 2.

Fig. 2a. ICD subgroups over time- Post dose 1.
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Fig. 2b. ICD subgroups over time- Post dose 2.
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ing of symptoms, signs and abnormal clinical and laboratory find-
ings, not elsewhere classified, unspecified pain (R520) contributed
the largest proportion, followed by malaise and fatigue (R53). The
‘‘T” subgroup consists of categories related to injuries; of which the
majority identified were unspecified, multiple injuries (T07).
Finally, the ‘‘Z” subgroup comprises factors influencing health sta-
tus and contact with health services, of which general adult exam-
ination (Z000) and supervision of normal pregnancy (Z349) were
the codes that had the largest increase between the two periods.
3.6. Dose 2

Following the administration of dose 2, similar increases in ICD
codes were seen, with the addition of headache (R51) and supervi-
sion of high-risk pregnancy (Z359) contributing the highest abso-
lute increases.
3.7. AESIs

There were 18 predefined AESIs assessed in this study. No cases
were reported at any time for six of the 18 AESIs, including Parkin-
son’s disease, Guillain-Barré Syndrome, (meningo-)encephalitis,
optic neuritis, and myocarditis. For 7 AESIs, the number of reports
was comparable in the period before and after vaccination, includ-
ing convulsions, thrombocytopenia, hemorrhagic conditions, pul-
monary embolisms, arterial embolisms, anaphylactic shock,
vasculitis, and pericarditis. For one AESI (pulmonary embolism),
the number of events reported decreased from seven before vacci-
nation to two after vaccination. Finally, an increased number of
cases occurred for four of the 18 AESIs: Bell’s palsy (after dose 1),
demyelinating disorders (after dose 2), venous thrombosis (after
dose 2), and unspecified allergic reactions (after dose 2) (Table 2).
These reports are discussed in more detail.
5

3.8. Bell’s palsy

Eight cases of Bell’s palsy were reported in total during the
study period, two during the pre-vaccination period, five after dose
1 (in three females aged 24–50 years old, and two males aged 50–
55 years of age) and one after dose 2 (female aged 25 years of age).
Five of these six cases after vaccination were reported between
weeks 3 and 6 after vaccination: however, one had had onset of
symptoms prior to vaccination but was reported late, and another
patient with Bell’s palsy had a previous documented COVID-19
infection (M55). A third patient had been previously diagnosed
with stroke (I64), had onset of Bell’s palsy symptoms prior to being
vaccinated with ChadOx1-nCoV19, and was hospitalized one day
after vaccination for ten days. He was concurrently diagnosed with
a viral infection of the central nervous system and recovered with
sequelae (M50).

3.9. Demyelinating disorders

Two cases of MS were reported in weeks 2 and 3 after dose 2.
Both events were relapses of pre-existing MS in females aged 28
and 58 years old. A third case of demyelinating disease of unknown
origin in a male aged 26 years old was reported, identified as either
a possible after-vaccine monophasic disease or a first outbreak of
multiple sclerosis; with the onset of symptoms starting prior to
the administration of dose 2. Cough and rhinorrhea at the onset
of symptoms were noted, suggestive of a viral infection, but no fur-
ther virological work-up was done.

3.10. Venous thrombosis

There were three venous thrombosis events in the six weeks
observation period prior to vaccination and also the same number
in the six weeks after dose 1. Seven venous thrombotic events were
recorded after dose 2, in three females aged 21–47-year-old, and 5



Table 2
Hospitalisations by AESIs.

Class Condition (ICD-10 code) Number ER visits (hospitalisations)

Dose 1 Dose 2

Pre-mass
vaccination

Post-mass
vaccination

Pre-mass
vaccination

Post-mass
vaccination

Neurological Parkinsons (G200); 0 (0) 0 (0) 0 (0) 0 (0)
MS, other demylinating diseases (G35; G37); 0 (0) 0 (0) 0 (0) 3 (0)
Guillain-Barré Syndrome (G61); 0 (0) 0 (0) 0 (0) 0 (0)
Meningoencephalitis (B4081; G042; A390; A394); 0 (0) 0 (0) 0 (0) 0 (0)
Encephalitis; inc acute disseminated encephalomyelitis
(G04s),

0 (0) 0 (0) 0 (0) 0 (0)

Optic neuritis (H46), Neuromyelitis optica (G36) 0 (0) 0 (0) 0 (0) 0 (0)
Bell’s Palsy (G51.0) 1 (0) 4 (1) 1 (0) 1 (0)
Generalised convulsions (R568) incl. epilepsy (G40s) 25 (9) 28 (7) 14 (3) 16 (4)

Hematological Thrombocytopenia (D696), immune thrombocytopenic
purpura (D693)

0 (0) 0 (0) 1 (0) 0 (0)

Hemorrhagic condition, unspecified (D699) 1 (0) 0 (0) 0 (0) 1 (0)
Pulmonary embolism with/without acute cor pulmonale
(I260; I269)

0 (3) 0 (1) 0 (4)1 0 (0)

Embolism and thrombosis of the veins (I828; I829) 2 (1) 3 (0) 3 (2)2 6 (0)3

Embolism and thrombosis of the arteries (I742; I743; I748;
I749)

1 (1) 0 (1) 2 (2)4 3 (1)

Immunologic Anaphylactic shock, unspecified (T782) 0 (1) 0 (0) 0 (0) 1 (0)
Other unspecified allergies (T784) 27 (0) 31 (0) 21 (0) 40 (0)5

Vasculitis (L51.9; L959) 0 (0) 0 (0) 0 (0) 1 (0)
Cardiovascular Myocarditis ((I40.9; I40.8; I40.0;I40.1) 0 (0) 0 (0) 0 (0) 0 (0)

Pericarditis (I30.1; I30.8-9) 0 (0) 0 (0) 0 (1) 0 (1)

1 One of these cases had only received one dose of ChadOx1-nCoV19, one had not been vaccinated.
2 1 of 2 hospitalisations had received no vaccine, and 2 of 3 ER visits had received one dose of BNT162b2. The remaining had only received one dose of ChadOx1-nCoV19 (1

hospitalisation and 1 ER visit).
3 Two of these 6 cases had only received one dose of the ChadOx1-nCoV19.
4 1 of 2 ER visits and both hospitalisations had only received one dose of ChadOx1-nCoV19. The other ER visit had received two doses of Coronavac.
5 5 of 40 had received another type of vaccine (Coronovac), 2 of 40 only received one dose of ChadOx1-nCoV19, 2 of 40 were not vaccinated at all, and 1 of 40 had no

available information on vaccination status.
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males aged 47–51 years old. Of those, two patients had had a pre-
vious diagnosis of deep vein thrombosis (DVT, M51, F47) and two
others developed a DVT following hospitalization for other pur-
poses (appendectomy (M47) and a cancer diagnosis (M51)). The
fifth patient had several underlying risk conditions for thrombotic
events such as atrial fibrillation, mitral stenosis, and polyglobulia
(M49). He was hospitalized and underwent a thrombectomy and
eventually passed away. The venous thrombosis of the sixth and
seventh patient appeared to be linked to COVID-19 infection; the
patient reported symptoms of DVT following a COVID-19 diagno-
sis, which had occurred 5 weeks prior, with acute flare-ups of
the condition after vaccination (F36, F21).

3.11. Allergic reactions

An almost doubling in the number of unspecified allergies was
reported, from 21 to 40 in the six-week period after dose 2. Of
these 40 cases after dose 2, only two (5%) were potentially related
to the vaccine. Other cases were considered unrelated based on
timing (before vaccination, or several weeks after); receipt of other
vaccines and/or medications; or allergies based on insect bites,
food, medications or contact dermatitis.

4. Discussion

We took advantage of a COVID-19 mass vaccination campaign
targeting all adults of an entire municipality in Brazil to monitor
the safety of the ChadOx1-nCoV19 vaccine used in the campaign.
We looked for changes in the overall ER attendance and hospital-
ization rates, the reasons for these hospitalizations and a selection
of adverse events of special interest. We noted a number of
changes; most of which can be attributed to causes other than
the vaccine. We observed an increase in the number of ER visits fol-
6

lowing the vaccination campaign, which was most notable follow-
ing dose 2, compared to the period before the campaign. In the case
of dose 1, this increase continued from a trend that had started
before the campaign. The number of hospitalizations increased in
the first two weeks after dose 2 but rapidly declined after these ini-
tial weeks.

We looked at the overall age and gender distribution of the pop-
ulation of Botucatu compared to the distributions that attended
our healthcare facility. We noted a larger proportion of females
in the age groups 20–24, 25–29, and 30–34 years of age compared
to the overall distribution reported in Botucatu. This may reflect
the differential healthcare seeking behaviors between males and
females, as females are more likely to seek healthcare than males
[10].

The analysis of ICD code distribution between baseline and
week 1 following vaccination after both doses indicated a relative
increase in the ICD ‘‘Y” subgroup and absolute increases in the sub-
groups ‘‘R”, ‘‘T”, and ‘‘Z” following the vaccination campaign. Abso-
lute or relative increases in these subgroups, especially in ‘‘R” and
‘‘T” subgroups can be anticipated: most of those are to be consid-
ered as non-serious side effects of the vaccine: vaccination site
pain (‘‘unspecified pain”), malaise and fatigue, or incorrect vaccine
administration [11]. The ‘‘Z” subgroup indicated an increased con-
tact with healthcare providers. This was triggered by an increase in
prenatal routine healthcare visits without any disease or symp-
tomatology. Among the predefined AESIs, we observed either no
or a similar number of cases being reported both before and after
the vaccination campaign, with the exception of Bell’s palsy,
demyelinating diseases, venous thrombosis, and unspecified
allergies.

The expected incidence of Bell’s palsy globally is estimated at
15–30 per 100 000 person-years [12]. Applying this rate to the
combined after-vaccination periods, we would expect 2–5 case
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reports just by chance, meaning that our results fall just outside of
this upper bound. Although various studies reporting cases of Bell’s
palsy following vaccination have been described in the literature
[13–16], there is still no definitive association of the link between
COVID-19 vaccination and Bell’s palsy [14]. One such study con-
ducted in Hong Kong looking at the age-standardized incidence
of Bell’s palsy following vaccination compared with background
rates in 2020 indicated an additional 2.0 [following vaccination
with BNT162b2] and 4.8 [following vaccination with CoronaVac]
cases of Bell’s palsy per 100 000 persons within 42 days of receiv-
ing each vaccine. A subsequent nested-case control study noted a
significantly increased risk of developing Bell’s palsy after Corona-
Vac (OR 2.86), however, not after BNT162b2 [15].

An initial assessment report by the European Medicines Agency
(EMA) of the ChadOx1-nCoV19 vaccine efficacy trials found no
imbalance of cases of facial paralysis in the vaccinated and control
groups, reporting one case in the vaccinated arm whereby causal-
ity to the vaccine could not be excluded [11]. Currently, the UK
Medicines and Healthcare products Regulatory Agency (MHRA)
suggests in its review of yellow card reports (up until 13 January
2022) that the incidence of Bell’s palsy is currently similar to the
natural rate and does not suggest an increased risk following vac-
cination against COVID-19 [17].

Of note, recent studies reporting on the safety of the mass vac-
cination campaigns conducted in Israel and the United Kingdom
noted increases in several AESIs both following natural infection
with COVID-19 and following vaccination [with BNT162b2 [13]
and/or ChadOx1-nCoV19 [16]]; making it difficult to establish
whether the events found in our study were related to vaccination
or to the ongoing pandemic. Both studies noted elevated risks of
Bell’s palsy following vaccination (risk ratio of 1.32 following vac-
cination with BNT162b2, and on the day of exposure, an incidence
rate ratio (IRR) for hospital admission or death of 0.33 after
ChadOx1-nCoV19 vs 33.23 when compared with natural infection),
suggesting that vaccination may have a stronger association with
Bell’s palsy than natural infection. Higher risk ratios of developing
DVT following natural infection when compared with vaccination
(risk ratio of approximately 0.9 versus 3.1 after natural infection)
were also noted [13], and currently, there is no evidence of an asso-
ciation between DVT and COVID-19 vaccination in the pharma-
covigilance sphere [17].

Relapses of MS or acute CNS demyelinating events following
natural infection with COVID-19 and with vaccination have been
reported in the literature [16,18,19]; however, no significant
short-term increases following either have been noted. Patone
et al. reported no association in any 7-day risk period following
vaccination with BNT162b2 or ChadOx1-nCoV19, however, on
the day of a positive SARS-CoV-2 test, found an IRR of 19.34 [16].
Interestingly, in the 1–28 days after exposure [to any vaccine or
positive SARS-Cov-2 test], non-significant IRRs and hence no asso-
ciation was found, indicating that the risk for hospitalization fol-
lowing vaccination or SARS-CoV-2 infection may occur in a time-
dependent manner [16].

The findings in our study corroborate the global epidemiology
of MS; the prevalence is higher in females in general [20] and, in
relation to relapses, the age-attenuation of MS relapses is delayed
in females when compared to males [21]. These findings highlight
the need to monitor patients with pre-existing conditions that
could be exacerbated by vaccination. Accordingly, the EMA has
recently added transverse myelitis, a rare neurological condition,
to the list of adverse drug reactions [22].

Our study is subject to a number of limitations. Hospitalizations
that were recorded in the first week following mass vaccination
may have been related to illnesses that had started in the week
prior, which would have artificially been linked to vaccination.
We also assumed that the healthcare-seeking behavior would not
7

change in Botucatu after the implementation of the mass vaccina-
tion campaign. However, the analysis of the most frequent diag-
noses or interventions showed increases for events not typically
expected to be related to vaccination, such as general examinations
and antenatal care. It is very likely that healthcare seeking
increased as the population felt ‘‘safer” and more willing to go to
healthcare facilities; however, further research by social scientists
is warranted to explain this observation. It is however also possible
that if the ‘‘after” periods coincided with the peak of the pandemic,
we would have missed cases that would have normally sought care
in the absence of the pandemic. We also assumed that the popula-
tion remained stable throughout the study period, however as
complete follow-up information about the population was not
available, our rate estimates may have been affected. To the best
of our knowledge, there was no significant factor which would
have led to a change in the study population.

Although the vast majority of people 18–60 years of age were
vaccinated on the 16th of May 2021 and the 8th of August 2021,
a small percentage (9.3%) were vaccinated prior to this date. This
could lead to an underestimation of the reported AESIs after vacci-
nation; however, as the total number of AESIs both before and after
vaccination was relatively low and in similar numbers, it is unli-
kely that we would have missed any important changes.

AESIs were classified according to timing since vaccination after
each dose offered during mass vaccination; either ‘‘before” or
‘‘after”. For some conditions, however, those classified as ‘‘before”
dose 2 could potentially still be linked to dose 1 and were acknowl-
edged as such at the analysis and discussion phase. Because of the
ecological nature of this study and the fact that we only sought
individual vaccination status of all persons where there was a dou-
bling in any AESI event, reporting may include events that occurred
in individuals who only received one dose but in which the event
occurred outside the six-week period after dose 1 or who had
received a vaccine other than ChadOx1-nCoV19. Such events were
acknowledged in the case whenever this information was avail-
able. These two circumstances would, however, lead to an overes-
timation of events linked to the ChadOx1-nCoV19 mass
vaccination campaign. We did not have sufficiently detailed clini-
cal notes to assess the diagnostic certainty of each case. However,
patient notes were available and described symptomatology and
other co-morbidities; these were used to assess the potential
causes of the AESIs that showed an increase. Finally, although
efforts were made to exclude all potential COVID-19 related
healthcare visits from the analysis, residual cases classified in less
obvious ICD categories, or undiagnosed COVID-19 may have inter-
fered with the results.
5. Conclusion

A six-week follow-up of 77.683 adults vaccinated with
ChadOx1-nCoV19 and a total of 151.734 doses administered did
not result in any safety concerns. A slight increase in the number
of ER visits was likely related to typical immunization events such
as local pain or myalgia and to a decreased fear of being exposed to
COVID-19 while visiting the health facilities. Of the 18 AESIs stud-
ied, only Bell’s palsy showed an increased number of cases that
could not be attributed to other causes.
Funding

This research was funded by the Brazilian Council for Scientific
and Technological Development (CNPq), grant number
401575/2021-7, and the Bill and Melinda Gates Foundation
(BMGF), grant number INV-017149.



Sue Ann Costa Clemens, Carlos Magno Castelo Branco Fortaleza, M. Crowe et al. Vaccine xxx (xxxx) xxx
Declaration of Competing Interest

The authors declare that they have no known competing finan-
cial interests or personal relationships that could have appeared
to influence the work reported in this paper.

Acknowledgements

The investigators acknowledge the support of the Brazil Min-
istry of Health for donating the vaccines, in-kind support from
Oxford University and Fiocruz. The investigators have special grat-
itude and acknowledgement to the mayor and the population of
the city of Botucatu. The authors are grateful to Alejandra Gonzalez
for editorial support and Michelle Rubbrecht for help with submis-
sion (both at P95 Epidemiology & Pharmacovigilance).
Author Contributions

SACC and RC conceptualized the study; SACC and RC provided
supervision; CMCBF, KT, RM, MRM, AGS, and PB curated the data,
MC, TV, RC, did the statistical analysis; SACC, CMCBF, AGS acquired
funding; MC wrote the original draft; and SACC, RC, CMCBF, TV
wrote, reviewed, and edited. All authors critically reviewed and
approved the final version. All authors confirm that they had full
access to all the data in the study and accept responsibility to sub-
mit for publication.

References

[1] World Health Organization. WHO Coronavirus (COVID-19) Dashboard.
<https://covid19.who.int/> [accessed: 19 January 2022].

[2] Gori Maia A, Marteleto L, Rodrigues C, Soreno L. The short-term impacts of
coronavirus quarantine in São Paulo: the health-economy trade-offs. PLoS ONE
2021;16:e0245011.

[3] Ganem F, Mendes F, de Oliveira S. The impact of early social distancing at
COVID-19 Outbreak in the largest Metropolitan Area of Brazil. medRxiv
2020.04.06.20055103.

[4] Fortaleza C, Vilches T, de Almeida G. Impact of nonpharmaceutical
governmental strategies for prevention and control of COVID-19 in São Paulo
State, Brazil. medRxiv 2020.08.23.20180273.

[5] Tarrataca L, Dias C, Haddad D. Flattening the curves: on-off lock-down
strategies for COVID-19 with an application to Brazil. J Math Ind 2021;11:2.
8

[6] Domingues C. Challenges for implementation of the COVID-19 vaccination
campaign in Brazil. Cad Saude Publica 2021;11(37):e00344620.

[7] Palacios R, Batista A, Albuquerque C. Efficacy and Safety of a COVID-19
Inactivated Vaccine in Healthcare Professionals in Brazil: The PROFISCOV
Study. SSRN 3822780:

[8] Voysey M, Costa Clemens S, Madhi S. Single-dose administration and the
influence of the timing of the booster dose on immunogenicity and efficacy of
ChAdOx1 nCoV-19 (AZD1222) vaccine: a pooled analysis of four randomised
trials. Lancet 2021;397:881–91.

[9] Sao Pãolo Governo Do Estado. Seade População. <https://populacao.seade.gov.
br> [accessed: June 3, 2022].

[10] de Paz C, Muller M, Munoz Boudet A, Gaddi I. Gender dimensions of the
COVID-19 pandemic. <https://openknowledge.worldbank.org/bitstream/
handle/10986/33622/Gender-Dimensions-of-the-COVID-19-Pandemic.pdf%
20?sequence=1> [accessed: June 3, 2022].

[11] European Medicines Agency. COVID-19 Vaccine AstraZeneca. <https://www.
ema.europa.eu/en/medicines/human/EPAR/vaxzevria-previously-covid-19-
vaccine-astrazeneca> [accessed: 19 January 2022].

[12] Tiemstra JD, Khatkhate N. Bell’s palsy: diagnosis and management. Am Fam
Physician 2007;76:997–1002.

[13] Barda N, Dagan N, Ben-Shlomo Y, Kepten E, Waxman J, Ohana R, et al. Safety of
the BNT162b2 mRNA Covid-19 Vaccine in a Nationwide Setting. N Engl J Med
2021;385:1078–90.

[14] Cirillo N, Doan R. The association between COVID-19 vaccination and Bell’s
palsy. Lancet Infect Dis 2022;22.

[15] Wan EYF, Chui CSL, Lai FTT, Chan EWY, Li X, Yan VKC, et al. Bell’s palsy
following vaccination with mRNA (BNT162b2) and inactivated (CoronaVac)
SARS-CoV-2 vaccines: a case series and nested case-control study. Lancet
Infect Dis 2022;22:64–72.

[16] Patone M, Handunnetthi L, Saatci D, Pan J, Katikireddi SV, Razvi S, et al.
Neurological complications after first dose of COVID-19 vaccines and SARS-
CoV-2 infection. Nat Med 2021;27.

[17] Medicines and Healthcare products Regulatory Agency. Coronavirus Vaccine –
summary of Yellow Card Reporting Data included: 9/12/2020 to 5/01/2022.
<https://coronavirus-yellowcard.mhra.gov.uk/datasummary>.

[18] Di Filippo M, Cardiolo C, Mlucchi S, Annovazzi P, Cavalla P, Clerici VT, et al.
mRNA COVID-19 vaccines do not increase the short-term risk of clinical
relapses in multiple sclerosis. J Neurol Neurosurg Psychiatry 2021.

[19] Etemadifar M, Sedaghat N, Aghababaee A, Kargaran PK, Maracy MR,
Ganjalikhani-Hakemi M, et al. COVID-19 and the risk of relapse in multiple
sclerosis patients: a fight with no bystander effect? Multiple Sclerosis Related
Disorder 2021;51:102915.

[20] Wallin MT, Culpepper WJ, Nichols E, Bhutta ZA, Gebrehiwot TT, Hay SI, et al.
Global, regional, and national burden of multiple sclerosis 1990–2016: a
systematic analysis for the Global Burden of Disease Study 2016. Lancet Neurol
2019;18.

[21] Kalincik T. Multiple sclerosis relapses: epidemiology, outcomes and
management. System Rev Neurobiol 2015;44:199–214.

[22] European Medicines Agency. Pharmacovigilance Risk Assessment Committee
(PRAC) Draft agenda for the meeting on 10-13 January 2022. <https://www.
ema.europa.eu/en/documents/agenda/agenda-prac-draft-agenda-meeting-10-
13-january-2022_en.pdf>.

http://refhub.elsevier.com/S0264-410X(22)01010-6/h0010
http://refhub.elsevier.com/S0264-410X(22)01010-6/h0010
http://refhub.elsevier.com/S0264-410X(22)01010-6/h0010
http://refhub.elsevier.com/S0264-410X(22)01010-6/h0025
http://refhub.elsevier.com/S0264-410X(22)01010-6/h0025
http://refhub.elsevier.com/S0264-410X(22)01010-6/h0030
http://refhub.elsevier.com/S0264-410X(22)01010-6/h0030
http://refhub.elsevier.com/S0264-410X(22)01010-6/h0040
http://refhub.elsevier.com/S0264-410X(22)01010-6/h0040
http://refhub.elsevier.com/S0264-410X(22)01010-6/h0040
http://refhub.elsevier.com/S0264-410X(22)01010-6/h0040
http://refhub.elsevier.com/S0264-410X(22)01010-6/h0060
http://refhub.elsevier.com/S0264-410X(22)01010-6/h0060
http://refhub.elsevier.com/S0264-410X(22)01010-6/h0065
http://refhub.elsevier.com/S0264-410X(22)01010-6/h0065
http://refhub.elsevier.com/S0264-410X(22)01010-6/h0065
http://refhub.elsevier.com/S0264-410X(22)01010-6/h0070
http://refhub.elsevier.com/S0264-410X(22)01010-6/h0070
http://refhub.elsevier.com/S0264-410X(22)01010-6/h0075
http://refhub.elsevier.com/S0264-410X(22)01010-6/h0075
http://refhub.elsevier.com/S0264-410X(22)01010-6/h0075
http://refhub.elsevier.com/S0264-410X(22)01010-6/h0075
http://refhub.elsevier.com/S0264-410X(22)01010-6/h0080
http://refhub.elsevier.com/S0264-410X(22)01010-6/h0080
http://refhub.elsevier.com/S0264-410X(22)01010-6/h0080
http://refhub.elsevier.com/S0264-410X(22)01010-6/h0090
http://refhub.elsevier.com/S0264-410X(22)01010-6/h0090
http://refhub.elsevier.com/S0264-410X(22)01010-6/h0090
http://refhub.elsevier.com/S0264-410X(22)01010-6/h0095
http://refhub.elsevier.com/S0264-410X(22)01010-6/h0095
http://refhub.elsevier.com/S0264-410X(22)01010-6/h0095
http://refhub.elsevier.com/S0264-410X(22)01010-6/h0095
http://refhub.elsevier.com/S0264-410X(22)01010-6/h0100
http://refhub.elsevier.com/S0264-410X(22)01010-6/h0100
http://refhub.elsevier.com/S0264-410X(22)01010-6/h0100
http://refhub.elsevier.com/S0264-410X(22)01010-6/h0100
http://refhub.elsevier.com/S0264-410X(22)01010-6/h0105
http://refhub.elsevier.com/S0264-410X(22)01010-6/h0105

	Safety of the Fiocruz ChAdOx COVID-19 vaccine used in a mass vaccination campaign in Botucatu, Brazil
	1 Introduction
	2 Methods
	2.1 Study population and design
	2.2 Outcomes
	2.3 Statistical analysis

	3 Results
	3.1 ER and hospitalization rates
	3.2 Dose 1
	3.3 Dose 2
	3.4 ICD distributions
	3.5 Dose 1
	3.6 Dose 2
	3.7 AESIs
	3.8 Bell’s palsy
	3.9 Demyelinating disorders
	3.10 Venous thrombosis
	3.11 Allergic reactions

	4 Discussion
	5 Conclusion
	Funding
	Declaration of Competing Interest
	ack23
	Acknowledgements
	Author Contributions
	References


