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Objectives: Previously, we presented the effectiveness of ChAdOx1 nCoV-19 half-dose (HD) immunization for
preventing new COVID-19 cases. Here, we evaluated the administration of an HD of ChAdOx1 nCoV-19 in the
primary immunization protocol (up to two doses) in reducing moderate and severe cases, hospitalizations, and
deaths when compared to the administration of full doses (FD) after a long-term follow-up.

Methods: We evaluated data from 29,469 participants between January 2021 and November 2022 who received
an HD or FD vaccine and crossed this information with their medical records to identify those who developed
moderate or severe cases. All participants were classified into four groups according to their immunization status
and followed 500 days after the last vaccine administration.

Results: The propensity-score matching analysis indicates that the administration of the two HDs of ChAdOx1
nCoV-19 was equivalent to the use of two FDs to reduce moderate and severe COVID-19 cases. The relative risk
of being infected and developing moderate or severe conditions after the administration of at least one HD or FD
was similar 150 or 500 days after the administration of the immunizers.

Conclusion: Administering two HDs can be used safely as a cost-effective alternative to the primary immunization
protocol.

Introduction

Since its emergency or regular approval by regulatory agencies
worldwide to face the COVID-19 pandemic, different vaccination strate-
gies have become the primary way to combat the development of mod-
erate or severe COVID-19, often resulting in thousands of deaths. De-
spite the massive sub-notification in several counties during the pan-
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demic, the cumulative data compiling data from January 2020 to the
present indicate the occurrence of 767.36 million cases worldwide
(high-income countries: 422.32 million; upper-middle income: 243.92
million; low/lower-middle income: 97.6 million), resulting in 6.94 mil-
lion deaths (high-income countries: 2.88 million; upper-middle income:
2.66 million; low/lower-middle income: 1.34 million). Since their ap-
proval for general use (outside a clinical trial), over 13.39 billion doses
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of vaccines were administered worldwide (high-income countries: 2.82
billion; upper-middle income: 5.42 billion; low/lower-middle income:
4.86 billion) [1].

Undoubtedly, the large-scale vaccination process was responsible for
the reduction of hospitalizations and for avoiding millions of COVID-
19-related deaths [2-5]. According to recent estimates based on com-
putational modeling studies, only the COVID-19 vaccination program
in the U.S. prevented more than 110 million new COVID-19 cases,
18.5 million hospitalizations, and 3.2 million related deaths. In ad-
dition, it saved US$ 1.15 trillion in medical expenses from Decem-
ber 2020 through November 2022 after granting the general popula-
tion access to at least one dose of any available COVID-19 vaccines
[6,71.

In Brazil, despite the success of COVID-19 vaccination, the delay in
starting the massive immunization campaigns and the "herd immunity"
belief resulted in new cases and preventable deaths. For instance, un-
til February 2023, the official reports registered over 36 million cases
and 698,000 COVID-19-related deaths, while Espirito Santo (a state lo-
cated in the southeast region with an estimated population of 4.1 million
inhabitants) registered over 1.3 million cases and 15 thousand COVID-
19-related deaths [8,9].

A recent study by Ferreira and colleagues estimated that more
than 165,000 elderly patients (60+ years) were not hospitalized af-
ter the first 7 months of vaccination campaigns. Other 104,000 hos-
pitalizations could have been avoided if the vaccination had been
started a few months earlier. In addition, 58,000 COVID-19-related
deaths among the elderly were prevented between January and Au-
gust 2021, and an additional 47,000 lives could have been saved if
the vaccination campaigns had been strongly encouraged since the
beginning [10]. These findings corroborate our data that indicates
that COVID-19 vaccination significantly reduced the hospitalization
and death of elderly patients after administering at least one dose
[5].

Although they induce immunity using different technologies, all vac-
cines approved for use in Brazil (BNT162b2 - Pfizer/BioNTech; Coron-
aVac - Sinovac Biotech; ChAdOx1 nCoV-19 - Oxford/AstraZeneca; and
Ad26.COV2.S - Jassen) and the adoption of the mix-and-match strategy
during the massive immunization process were proved as an efficient
approach to induce a protective immune response, to prevent the devel-
opment of moderate and severe COVID-19 cases and to reduce the lethal
outcomes after infection [11-18]. According to the Brazilian Ministry of
Health, over 500 million doses were administered from January 2021 to
February 2023, 152 million were Oxford/AstraZeneca doses, 208 mil-
lion from Pfizer/BioNTech, 112 million from CoronaVac, and 29 million
from Janssen [19].

The fractional dose is a relevant strategy to increase access to vac-
cines. The Viana Project (ClinicalTrials.gov; NCT05059106), a non-
inferiority non-randomized controlled trial, showed that HD of ChA-
dOx1 nCoV-19 is as effective, safe, and immunogenic as the full dose
(FD) in 29,598 individuals aged 18-49 years. The published results
showed the effectiveness of primary vaccination with a HD of ChAdOx1
nCoV-19 for preventing new cases at 90 days of follow-up after the sec-
ond dose [20].

This study aimed to evaluate the effectiveness of a HD of ChAdOx1
n19 CoV-2 in the primary immunization protocol (with up to two doses)
in reducing moderate and severe cases, hospitalizations, and deaths re-
lated to COVID-19 when compared to the administration of FDs, after a
long-term follow-up. To address this question, we crossed the immuniza-
tion database with the individual medical records of the "Viana Project"
participants between January 2021 and November 2022 to identify po-
tential hospitalizations or deaths related to COVID-19. In addition, we
explored the impact of the administration of HD as an alternative in the
primary immunization protocol in reducing moderate and severe cases,
considering the occurrence of hospitalizations, length of hospitalization,
comorbidities, and outcome (discharge or death) after COVID-19 infec-
tion.
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Materials and methods
Half-dose or full-dose administration and database crossing

All data were from Viana Project Study (ClinicalTrials.gov;
NCT05059106) and obtained from the recruitment of 20,723 partici-
pants between January 2021 and November 2022 who received at least
one HD of ChAdOx1 nCoV-19 (AZD1222) and 8746 participants that re-
ceived at least one FD of ChAdOx1 nCoV-19 (AZD1222). The end of the
follow-up (November 2022) of the patients was delimited to 6 months
after the last administration of the second HD (in May 2022) and iden-
tification of the outcome after immunization.

The city of Viana/ES was chosen because it meets the ideal condi-
tions to perform the proposed analysis - high urban mobility and oc-
currence of new cases among young adults; good logistics for correctly
accessing immunizers; well-structured vaccination and health care net-
work; and structured hospital support to care for moderate and severe
cases.

We analyzed data from 29,469 adults (18-49 years), both sexes, re-
gardless of previous COVID-19 infection and no history of immuniza-
tion with any available vaccine. This group was chosen because they
are not part of the priority groups established in the Brazilian National
Immunization Program (PNI), and they did not have a scheduled date
for receiving any immunization at the time of the study. Therefore, we
excluded the participation of all subjects under 18 or adults over 49
years old; pregnant women; people with a previous severe allergic re-
action (anaphylaxis) to any administered vaccine; those who received
any dose of a COVID-19 vaccine; those subjects participants in other
immunization studies; those belonging to a priority risk group for vacci-
nation, as recommended by PNI rules; those with fever or flu-like symp-
toms; and those with coagulation disorders, use of anticoagulants or a
recent COVID-19 diagnosis with the onset of symptoms 28 days before
vaccination.

The primary data generated after immunization with HD or FD was
obtained using the Vacina e Confia ES database. It was crossed with the
official base of notifications of COVID-19 cases obtained from the Health
Surveillance Information System (eSUS-VS) [21,22]. The intersection of
these data allowed identifying the occurrence of COVID-19 cases among
participants if they needed medical support, including hospitalization in
intensive care units (ICUs) or clinical units, and the outcome during the
analyzed period.

Considering the seroconversion period required for the effective in-
duction of humoral and cellular immune responses, all subjects were
classified into five distinct groups according to their immunization sta-
tus: those who received only 1 HD more than 14 days before the infec-
tion, those who received two HD more than 14 days before the infection;
those who received only one FD more than 14 days before the infection;
and those who received two FD more than 14 days before the infection.

The Secretary of Health of Espirito Santo (SESA/ES) previously
anonymized data, and its analysis was authorized after being pub-
licly available in the repository. In addition, the final dataset
"Viana_anonymized_EN.csv" used to perform this study was subjected
to peer review to improve the rigor of evaluation and information
consistency. The complete anonymized data is available in Zenodo at
https://doi.org/10.5281/zenodo.7963928.

Data dictionary, processing of information, and interpretation of results

We analyzed the data using a pipeline using Python 3.7.12 and per-
formed the extraction, transformation, and load (ETL) methodology to
ensure quality and well-structured data. Considering the need to inte-
grate three databases ("Projeto Viana", "Vacina e Confia" and "eSUS-VS"),
the first step (data curation and extraction) is essential to extract pre-
cise information from each to obtain the results. During this process, we
excluded patients that do not meet the inclusion criteria, those with an
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unconfirmed COVID-19 diagnosis, and those with unknown outcomes
(discharge or death) at the end of the analyzed period.

During the transformation process, we double-checked the data to
ensure that the data was in a consistent, complete, and clean format,
removing missing or invalid values, correcting errors, and standardiz-
ing the data to be easily compared and combined. In this step, we label
each patient with the number and type of doses received throughout
the study, age, gender, comorbidities, the occurrence of COVID-19 af-
ter immunization, the need for hospitalization, and the outcome. Only
attributes of interest to this study were included in the dataset during
this selection, whereas details that could potentially identify individuals
were excluded.

The load step was characterized by integrating the information from
each base into a single dataset, preserving their integrity. To avoid bias
during the data analysis, we evaluated the period between January 2021
and November 2022, 6 months after all adult (18-49 years) residents
in Viana could have received at least one HD or one FD and have a
vaccination-associated outcome. Additional analysis using this data can
be performed using the deposited database.

Statistical analysis

All data presented in this study were analyzed using GraphPad Prism
9.5.1 software. The statistical analysis was performed using the Kruskal-
Wallis test for group comparison and Dunn’s test to perform multiple
comparisons. The results are shown as the mean + standard deviation.
Comparisons between columns were considered statistically significant
when P <0.05 (*P <0.05; **P <0.005; ***P <0.001; ****P <0.0001).
In addition, we performed an exploratory data analysis, for which the
graphic libraries "numpy", "pandas”, "matplotlib," and "Seaborn" were
consolidated in the Python programming language.

Results

Patients immunized with the half dose have the same risk of developing
moderate and severe COVID-19 cases when compared to those vaccinated
with the full dose

The rationale of the Viana Project Study was to assess whether the
administration of HD of ChAdOx1 nCoV-19 (Oxford/AstraZeneca) could
be used as a primary immunization protocol (with up to two doses) and
would have the same efficacy in reducing moderate and severe cases,
hospitalizations and deaths related to COVID-19 as the protocol with
the administration of FD. In this sense, we performed the propensity-
score matching analysis to evaluate the general features (age, gender,
the occurrence of infection between January 2021 and November 2022,
hospitalization in clinical or ICU beds, and outcome) among the 20,723
participants who received at least one HD and the 8746 participants who
received at least one FD of ChAdOx1 nCoV-19 (AZD1222). The general
features of all analyzed groups are presented in Table 1. In addition,
our data evidenced no statistically significant difference between the
HD and FD groups (P = 0.3795), indicating that both groups are simi-
lar in the general features and the risk of hospitalization (regardless of
comorbidities). Therefore, the primary protocol of immunization using
two HDs had the same effectiveness as administering two FDs in pro-
tecting against moderate and severe COVID-19 cases (Figure 1).

Considering the relative risk of being infected and developing mod-
erate or severe conditions after the administration of at least one HD or
one FD, it was not possible to observe significant differences between
the groups 150 (P = 0.6648) or 500 days (P = 0.3795) after the admin-
istration of the respective immunizers, indicating a similar probability
to be infected and required medical assistance after immunization be-
tween the groups (Figure 2). Similarly, the period after administration
of at least one HD or FD and the occurrence of COVID-19 infection was
equivalent among the participants with comorbidities (Figure S1).
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Table 1

General features of all analyzed groups according to gender, comorbidity, the occurrence of COVID-19 infection, outcome, and the period between the last dose and death.

Days since

Outcome

Not infected/ Moderate or severe COVID-19 cases

Comorbidities
Yes (%)

Gender

Vaccinal status (%)

the last dose
and death

Death (%)

Intensive care Discharge (%)

unit (%)

Clinical units

(%)

asymptomatic cases (%)

No (%)

Female (%)

Male (%)

14

1 (0.04%)

0

591 (25.26%)

1 (0.04%)
5 (0.03%)

591 (25.26%)

1748 (74.70%)
12,961 (70.51%)
1320 (80.24%)
4897 (68.96%)

2305 (98.50%)

35 (1.50%)
255 (1.39%)
42 (2.55%)
409 (5.76%)

741 (2.51%)

1013 (43.29%)
8740 (47.54%)
682 (41.46%)

1327 (56.71%)
9643 (52.46%)
963 (58.54%)

2340 (7.94%)

1 HD
2HD
1FD
2FD

N/A

5422 (29.49%)
323 (19.64%)

5417 (29.47%)
325 (19.76%)

18,128 (98.61%)
1603 (97.45%)
6692 (94.24%)
28,728 (97.49%)

18,383 (62.38%)
1645 (5.58%)

2 (0.12%)

N/A

7 (0.10%) 2204 (31.04%)

2197 (30.94%)

4071 (57.33%)
14,506 (49.22%)

3030 (42.67%)

14,963 (50.78%)

7101 (24.10%)
29,469 (100%)

3(0.01%)

13 (0.04%) 8540 (28.98%)

8530 (28.95%)

20,926 (71.01%)

TOTAL

LJID Regions 9 (2023) 88-94

Abbreviations: 1 HD: one half-dose participant; 2 HD: two half-dose participants; 1 FD: one full-dose participant; 2 FD: two full-dose participants.
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Density

Figure 1. The half-dose immunization proto-
col is similar to the full-dose protocol in pro-
tecting against moderate or severe COVID-
19. According to the propensity-score match-
ing analysis, administering ChAdOx1 nCoV-19
(AZD1222) half-dose protocol reduces hospi-
talization and deaths compared to full dose pro-
tocol after COVID-19 infection.
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Figure 2. Days since the last half dose or full dose and the development of
COVID-19 infection grouped by age. Considering the relative risk of being in-
fected and developing moderate or severe COVID-19 cases, patients who re-
ceived half dose or full dose have a similar probability of being infected and
requiring medical assistance after immunization.

In addition, we evaluated the occurrence of moderate or severe cases
considering the total of immunized patients in the respective groups.
As a result, the ratio of cases/participant in the one HD group (one
case/3.95 participants) was lower than that observed in the one FD
group (one case/5.06 participants), indicating that one HD participant
developed more moderate or severe cases than those who received one
FD. Also, one HD participants have fewer cases than patients who re-
ceived two HDs (one case/3.39 participants), while two HD partici-
pants require less hospitalization than those who received two FDs (one
case/3.22 participants).
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The mean age among the two HD patients who developed moderate or
severe cases is lower compared to the two FD group

Analyzing the age of individuals vaccinated with HD or FD who re-
quired hospitalization (moderate or severe cases) and were discharged
(n = 8540; 28.98% of total), the mean age was similar between the
groups without comorbidities who received one HD compared to one
FD and one HD compared to two HD. In addition, it was significantly
lower in the two HD groups without comorbidities than in the two FD
groups without comorbidities (Figure 3a). Considering the individuals
with comorbidities, the mean age was similar between the groups one
HD without comorbidity compared to one HD with comorbidity, one HD
with comorbidity when compared to two HD with comorbidity, and one
HD comorbidity when compared to one FD with comorbidity.

However, the mean age was significantly different between the
groups, two without comorbidity vs two HDs with comorbidity; and two
HDs with comorbidity vs two FDs with comorbidity. These data indicate
that patients without comorbidities (97.49% of study participants) who
received only one HD and developed moderate or severe cases have the
same mean age as those who received one FD, while those who received
two HDs and needed some type of medical support because of COVID-19
has a mean age lower than those who received two FDs, regardless of
the existence of comorbidities. Similar findings were obtained when we
analyzed the data from discharged patients hospitalized in clinical beds
(n = 8530; 28.95% of the total; Figure 3b). However, considering the
few cases of discharged patients admitted to the ICU (n = 13; 0.04%)
and the occurrence of only three deaths among the study participants,
it was not possible to compare these groups to assess the impact of the
use of HD on these individuals.

Discussion

Undoubtedly, the massive advancement of vaccination campaigns
using different immunizers was responsible for controlling the viral
spread and the occurrence of deaths related to COVID-19 worldwide.
However, especially considering the Brazilian scenario where the ini-
tial slowness in the acquisition of immunizers, mass campaigns, and the
frequent dissemination of anti-vax messages meant that thousands of
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Figure 3. The mean age among patients who received HD or FD is similar, regardless of the existence of comorbidities. Among the individuals vaccinated with HD
or FD who required hospitalization (moderate or severe cases) in general (a) or specifically in clinical beds (b) and were discharged, we observe that the mean age
was similar between the groups without comorbidities who received one HD compared to one FD and one HD compared to two HD. Considering the individuals
with comorbidities, the mean age was similar between the groups one HD without comorbidity compared to one HD with comorbidity, one HD with comorbidity
when compared to two HD with comorbidity, and one HD comorbidity when compared to one FD with comorbidity. Comparisons between columns were considered
statistically significant when P <0.05 (*P <0.05; **P <0.005; ***P <0.001; ****P <0.0001).

FD, full dose; HD, half dose.

patients were infected and died even when the rest of the world already
had access to safe and effective ways to control the disease. As a result,
several fronts to combat COVID-19 were established, from strategies to
contain the flow of people in the busiest places (lockdown), to hospital
actions to reduce the number of deaths from the most severe cases. As
a result, the first successful vaccines, an essential phase for disease con-
trol, were approved for general use in early 2021, starting with vaccinat-
ing health professionals and vulnerable groups and establishing priority
groups for access to immunizations because of the high vaccine demand
worldwide.

In this sense, using a HD of the ChAdOx1 nCoV-19 (AZD1222) vac-
cine was an important strategy to accelerate the population’s immuniza-
tion process. We previously showed 44.4 new cases per 1000 person-
year for the HD, close to the incidence in the FD group of 49.8 cases per
1000 person-year in short-term follow-up [20]. Recently, Fadlyana and
colleagues indicated that administering HDs of ChAdOx1-S as a booster
was safe and capable of inducing immunity after priming with Coron-
aVac in a controlled trial in Indonesia [23]. Thus, our results obtained
along the Viana Project Study corroborates these findings and add new
evidence on the long-term effectiveness of primary vaccination protocol
using the HD of ChAdOx1 nCoV-19 (AZD1222) for protecting moderate
or severe COVID-19.

The option to evaluate the effectiveness of vaccination in adults aged
18 to 49 years who are not part of the priority group considered the in-
crease in the proportion of cases of COVID-19 in young adults and who,
at that moment, did not have enough two doses to complete the primary
vaccination schedule in such a large age group. In this sense, despite the
occurrence of comorbidities being part of the exclusion criteria in the
Viana Project Study, during the database crossing, we identified partic-
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ipants (n = 741; 2.51% of total) with other comorbidities than those
included in the priority groups of the Ministry of Health (Table 1). In-
terestingly, the period between the administration of the last HD or FD
and the COVID-19 diagnosis was similar between the groups, regardless
of the type of comorbidity (Figure S1).

Throughout the study, we analyzed data from 20,723 patients who
received at least one HD and 8746 patients who received at least one FD.
This database is slightly different from the one presented in our previous
publication because we included those patients who received the half
or FD in this period and removed those who did not meet the inclusion
criteria [20]. The complete database used for this study is available on
Zenodo.

Considering all participant data, some individuals were infected dur-
ing the pandemic and developed moderate or severe cases. From all
participants who received at least one HD, 6014 developed moderate or
severe cases, and only one death was observed. In contrast, among the
participants who received at least one FD, 2529 developed moderate or
severe cases, resulting in two deaths in this period. In addition, 20,926
participants (71.01%) did not report infection or were asymptomatic
during the study period, meeting the primary objective of large-scale
immunization — to prevent the development of conditions requiring hos-
pitalization or COVID-19-related deaths. As the study’s main limitations,
it was impossible to assess the influence of immunization protocols on
the length of hospital stay or the severity associated with the condi-
tion because these data were unavailable in the consulted databases.
Additionally, the absence of data from infected patients who developed
moderate or severe cases before the immunization period would bring
new information about the impact of HD in reducing hospitalizations
and deaths.
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Considering the results obtained during the propensity-score match-
ing analysis, we observed that patients immunized with the HD have
the same risk of developing moderate and severe COVID-19 cases when
compared to those vaccinated with the FD and the relative risk of being
infected and developing moderate or severe conditions after the admin-
istration of at least one HD or one FD was similar 150 or 500 days after
the administration of the respective immunizers, suggesting an equiva-
lent performance to avoid hospitalizations and deaths after COVID-19
infection. Furthermore, the ratio of cases/participants indicated that the
administration of only one HD predisposes the individual to develop
moderate or severe cases in a more significant proportion than those
who received only one FD. Interestingly, this proportion increases com-
pared to patients who received two HD or two FD, respectively.

The mean age was similar between one HD and one FD without co-
morbidities groups. However, it was significantly lower in the two HD
groups without comorbidities than in the two FD groups without co-
morbidities. Despite being significant, the clinical application of this
finding is uncertain. It may be related to several variables, including
lifestyle habits and many new interactions among younger individuals,
but which do not influence the ability to protect against moderate or
severe cases induced after HD administration.

Conclusion

In summary, the data presented in this paper indicate that adminis-
tering the HD ChAdOx1 nCoV-19 vaccine was equivalent to using FDs
to reduce moderate and severe COVID-19 cases in long-term follow-up.
Two HDs can be used safely as a cost-effective alternative to the primary
protocol with two FDs of the ChAdOx1 nCoV-19 vaccine. Additionally,
we encourage the development of new studies to support the develop-
ment of new strategies to combat COVID-19, especially in developing
countries, maintaining the best health surveillance actions because the
emergence of new strains of SARS-COV-2 are not discarded and may
generate a re-emergence of vaccination worldwide.
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