
Original Article

Longer-term effectiveness of a heterologous coronavirus disease
2019 (COVID-19) vaccine booster in healthcare workers in Brazil

Alexandre R. Marra MD, MS1,2 , João Luiz Miraglia MD, MPH1 , Daniel Tavares Malheiro MSc, MBA1,

Yang Guozhang BSc1, Vanessa Damazio Teich MSc1 , Elivane da Silva Victor MSc1, João Renato Rebello Pinho MD, PhD1,

Adriana Cypriano MSc1 , Laura Wanderly Vieira BA1, Miria Polonio RN1, Rafael Herrera Ornelas MD1,

Solange Miranda de Oliveira MD1, Flavio Araujo Borges Junior MD1, Silvia Cristina Cassiano Oler BS1,
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Abstract

Objective: To compare the long-term vaccine effectiveness between those receiving viral vector [Oxford-AstraZeneca (ChAdOx1)] or
inactivated viral (CoronaVac) primary series (2 doses) and those who received an mRNA booster (Pfizer/BioNTech) (the third dose) among
healthcare workers (HCWs).

Methods: We conducted a retrospective cohort study among HCWs (aged ≥18 years) in Brazil from January 2021 to July 2022. To assess the
variation in the effectiveness of booster dose over time, we estimated the effectiveness rate by taking the log risk ratio as a function of time.

Results: Of 14,532 HCWs, coronavirus disease 2019 (COVID-19) was confirmed in 56.3% of HCWs receiving 2 doses of CoronaVac vaccine
versus 23.2% of HCWs receiving 2 doses of CoronaVac vaccine with mRNA booster (P < .001), and 37.1% of HCWs receiving 2 doses of
ChAdOx1 vaccine versus 22.7% among HCWs receiving 2 doses of ChAdOx1 vaccine with mRNA booster (P < .001). The highest vaccine
effectiveness with mRNA booster was observed 30 days after vaccination: 91% for the CoronaVac vaccine group and 97% for the ChAdOx1
vaccine group. Vacine effectiveness declined to 55% and 67%, respectively, at 180 days. Of 430 samples screened for mutations, 49.5% were
SARS-CoV-2 delta variants and 34.2% were SARS-CoV-2 omicron variants.

Conclusions: Heterologous COVID-19 vaccines were effective for up to 180 days in preventing COVID-19 in the SARS-CoV-2 delta and
omicron variant eras, which suggests the need for a second booster.

(Received 13 February 2023; accepted 7 April 2023)

In 2023, even with the considerable distribution and access to
coronavirus disease 2019 (COVID-19) vaccines, individuals are
still at risk of infection.1,2 It has been proven that vaccination can
reduce the incidence of serious outcomes, such as hospitalization
and death.3,4

Healthcare workers have frequent exposure to COVID-19.5,6

Even though the availability of personal protective equipment
(PPE) is helpful in the prevention of infection,7 access may be
limited in resource-poor settings.

COVID-19 in this new phase of the pandemic can be partly
explained by the relaxation of prevention measures that many
countries had adopted in 2020 and 2021.8–10 Some studies have
concluded that a booster vaccine dose raises vaccine effectiveness
considerably.11,12 In Brazil, a significant share of the population
received 2 doses of Oxford-AstraZeneca [ChAdOx1] or
CoronaVac instead of mRNA vaccines because these vaccines
were available first in many countries. In October 2021, our
institution started administering mRNA vaccine boosters (Pfizer/
BioNTech) for HCWs who had received either ChAdOx1 or
CoronaVac as their primary series of 2 doses.10

In our previous study, we assessed the short-term (≤3 months)
vaccine effectiveness of an mRNA vaccine booster following 2
doses of ChAdOx1 or CoronaVac against laboratory-confirmed
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COVID-19 among HCWs in Brazil.13 In this study, we have
continued our evaluation of the effectiveness of an mRNA booster;
we have extended the analysis over an 18-month period to evaluate
the longer-term vaccine effectiveness in the SARS-CoV-2 delta and
omicron variant eras.

Methods

Population and setting

We conducted a retrospective cohort study of all adult HCWs
(aged ≥18 years) working at the Hospital Israelita Albert Einstein
(HIAE) between January 1, 2021, and July 30, 2022. The HIAE is a
Brazilian nonprofit healthcare, educational, and research organi-
zation headquartered in São Paulo. It manages diverse services
from primary to tertiary care, in the public and private healthcare
sectors, and it operates 40 healthcare units, mainly in the state of
São Paulo. In 2020, the HIAE had 700,000 emergency department
visits, 900,000 outpatient visits, and 70,000 hospital discharges.
Since the beginning of the COVID-19 pandemic, HCWs with
COVID-19 symptoms had access to free-of-charge SARS-CoV-2
RT-PCR testing conducted by the institution’s laboratory.

We included HCWs who completed at least 2 doses of either
ChAdOx1 or CoronaVac vaccines, and we compared vaccine
effectiveness in those who received an optional booster dose of
mRNA vaccine to those who did not. HCWs were followed for 18
months (10 months following the booster dose). We excluded
HCWs who no longer worked at HIAE, received just 1 dose of any
COVID-19 vaccine, and received other combinations of COVID-
19 vaccines (eg, Janssen vaccine þ Pfizer/BioNTech vaccine), or
received 4 doses of a COVID-19 vaccine (Supplementary
Appendix 1).

Real-time polymerase chain reaction (RT-PCR) methodologies
for SARS-CoV-2 detection

Diagnostic confirmation for COVID-19 was performed using RT-
PCR on specimens obtained via nasopharyngeal swab, according to
the protocol instituted at HIAE. The following RT-PCR kits were
utilized: XGEN MASTER COVID-19 (Mobius, Pinhais, Paraná,
Brazil), cobas SARS-CoV-2 Test (Roche Molecular Systems,
Branchburg, NJ), Xpert Xpress SARS-CoV-2 (Cepheid,
Sunnyvale, CA, USA), and Abbott RealTime SARS-CoV-2
(Abbott Molecular, Des Plaines, IL).

Next-generation sequencing of the viral full-length genome

We extracted total nucleic acid from naso-oropharyngeal (NOP)
swab samples with the QIAamp Viral RNA Mini kit (QIAGEN,
Hilden, Germany). After purification and concentration, DNAse I
treatment, and depletion of human ribosomal RNA, samples were
submitted to random amplification.14 Preparation of sequencing
libraries for the Illumina platform was carried out with DNA Prep
(Illumina, San Diego, CA) using the random 2-step PCR
amplification product as input. Libraries were quantified using
the Qubit instrument (Thermo Fisher Scientific, Waltham, MA)
and were loaded on the NextSeq 550 equipment (Illumina) for
sequencing with MID 300 paired-end reads (Illumina).

Outcome measures and statistical analyses

Laboratory-confirmed COVID-19 was considered the primary
outcome for calculating vaccine effectiveness. RT-PCR testing for
the diagnosis of COVID-19 was performed only on symptomatic

HCWs. Hospitalization related to COVID-19, length of stay, ICU
admission, mechanical ventilation, and death were considered
secondary outcomes. The vaccination status of all study
participants and SARS-CoV-2 RT-PCR results of symptomatic
HCWs were obtained from institutional electronic records. For
those vaccinated, the initial follow-up date was 14 days after
the second or the third vaccine dose. The last date was defined as
the date COVID-19 was diagnosed, or up to July 30, 2022, for the
censored cases without a positive diagnosis of COVID-19.

Qualitative variables were characterized using absolute and
relative frequencies in general and by interest groups. For
comparisons, we used the χ2 or Fisher exact tests. Quantitative
variables were described bymedians, interquartile range (IQR, first
and third quartiles), and minimum and maximum values due to
the asymmetry observed in the variables,15 and comparisons were
performed using nonparametric Mann-Whitney tests. Vaccine
effectiveness was defined as 1 − hazard rate (HR),16 with HR
determined by adjusting the survival analysis models with
laboratory-confirmed COVID-19 as the outcome and vaccination
and previous COVID-19 as the main explanatory variables. To
assess the variation in the effectiveness of the booster dose over
time (up to 250 days), we estimated the effectiveness rate by taking
the log-risk ratio as a function of time (Figs. 1 and 2). These
estimates considered sex, age, HCW job type (direct patient contact
vs no direct patient contact), and comorbidities as covariates. HCWs
with previous COVID-19 were excluded in the first model (Fig. 1),
and they were included in the second model (Fig. 2). All analyses
were performed using R software for statistical computing version
4.2.0 software,17 DOVE software,18 and ggplot2.19 All reported tests
were 2-sided, and P < .01 was considered significant. The study was
approved by the Hospital Israelita Albert Einstein Ethics Committee
(CAAE 47110421.7.0000.0071), and the need for informed consent
was waived.

Results

During the study period, 18,359 individuals were screened for
eligibility and 14,532HCWsmet inclusion criteria (Supplementary
Appendix 1). Most were female (70.7%), and the median age was
36 years. Of those included, 892 (6.1%) received 2 doses of
CoronaVac vaccine, 6,285 (43.3%) received 2 doses of CoronaVac
vaccine plus mRNA (Pfizer/BioNTech) booster, 1,111 (7.6%)
received 2 doses of ChAdOx1 vaccine, and 6,244 (43.0%) received 2
doses of ChAdOx1 vaccine plus mRNA (Pfizer/BioNTech)
booster.

Compared to the group that received 2 doses of CoronaVac
vaccine, the group that received a Pfizer/BioNTech booster
following CoronaVac vaccine was significantly older and had a
greater proportion of HCWs with patient contact (Table 1).
Compared to the group that received 2 doses of ChAdOx1 vaccine,
the group that received a Pfizer/BioNTech booster following a
ChAdOx1 primary series was significantly older, had a greater
proportion of women, and had a smaller proportion of HCWswith
patient contact.

During the study period, 2,662 were diagnosed with COVID-19
prior to vaccination, and 3,785 had COVID-19 after vaccination.
Overall, COVID-19 cases detected after vaccination occurred in
56.3% of HCWs who received 2 doses of the CoronaVac vaccine
and 23.2% who received a booster (P < .001). COVID-19 cases
detected after vaccination occurred in 37.1% of HCWs who
received 2 doses of the ChAdOx1 vaccine and 22.7% who received
a booster (P < .001).
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Estimates of vaccine effectiveness of 2 doses of Oxford-
AstraZeneca (ChAdOx1) or CoronaVac with a third (booster) dose
with mRNA (Pfizer/BioNTech) vaccine are shown in Figure 1 and
Table 2. The estimated vaccine effectiveness rates in the period
beginning 15 days after receiving the mRNA booster dose were
73% for HCWs who received primary doses of the CoronaVac
vaccine and 85% those for who received primary doses of the
ChAdOx1 vaccine. The highest vaccine effectiveness rates (peak
level) were observed 30 days after the booster dose (91% and 97%,
respectively), with a progressive decrease in vaccine effectiveness
after this period. At 180 days after a booster, the vaccine
effectiveness rates were 55% and 67.5%, respectively (Fig. 1 and
Table 2). In addition, 0.8% of HCWs who received 2 doses of
CoronaVac had at least 1 hospitalization compared to 0.03% of
HCWs who received a booster dose following CoronaVac vaccine
(P < .001). On the other hand, no difference was observed in
hospitalizations between those with 2 doses of the ChAdOx1
vaccine (2 cases, 0.18%) and those with a booster dose following

ChAdOx1 vaccine (3 cases, 0.05%) (P = .16). There was no
statistically significant difference between those with 2 doses
(either ChAdOx1 or CoronaVac) and a booster dose in length of
stay, ICU stays, or mechanical ventilation use (Table 1). Only 1
HCWvaccinated with 2 doses of the ChAdOx1 vaccine died during
the study period, before the booster dose was released. This HCW
was immunocompromised due to systemic lupus erythematosus
treatment. When including those with COVID-19 prior to
vaccinationin in the model, the vaccine effectiveness was quite
similar to the first vaccine effectiveness model in which those with
prior infection were excluded. The estimated vaccine effectiveness
in those receiving themRNA booster dose was 72% for HCWswho
received primary doses of the CoronaVac vaccine and 84.5% those
for who received primary doses of the ChAdOx1 vaccine. The
highest vaccine effectiveness (peak level) was observed after 30
days (90.5% and 97%, respectively) with a progressive decrease in
vaccine effectiveness after this period, and at 180 days, the vaccine
effectiveness was 54.5% and 68%, respectively (Fig. 2 and Table 3).

Figure 2. Effectiveness of 2 doses of Oxford-AstraZeneca
(ChAdOx1) [green] or CoronaVac [purple] with a third
(booster) dose with mRNA (Pfizer/BioNTech) vaccine,
including those with previous COVID-19

Figure 1. Effectiveness of 2 doses of Oxford-AstraZeneca
(ChAdOx1) [red] or CoronaVac [gray] with a third
(booster) dose with mRNA (Pfizer/BioNTech) vaccine,
excluding those with previous COVID-19.
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Whole-genome sequencing analysis

During the study period, 430 SARS-CoV-2 samples, the first
collected from each HCW, were screened for mutations. One
(0.2%) case was the SARS-CoV-2 alpha variant, 68 (15.8%) were P1
strain (Gamma SARS-CoV-2 variant), 213 (49.5%) were delta

variant cases, and 147 (34.2%) were omicron variant cases.
In November and December 2021, 90.5% of cases were the delta
variant. Almost all cases (95.2%) were the omicron variant in
January and February 2022, and 100% were the omicron variant
from March to July 2022 (Table 4).

Table 1. Baseline Characteristics of Study Participants

Characteristic Total
2 Doses

of CoronaVac

2 Doses of
CoronaVac and

1 Pfizer
P Value,

2 vs 3 CoronaVac
2 Doses of
ChAdOx1

2 Doses of
ChAdOx1 and

1 Pfizer

P Value,
2 vs 3

ChAdOx1

No. of participants 14,532 892 6,285 1,111 6,244

Sex, no. (%) .648 .004

Female 10,277 (70.7) 651 (73.0) 4,537 (72.2) 727 (65.4) 4,362 (69.9)

Male 4,255 (29.3) 241 (27.0) 1,748 (27.8) 384 (34.6) 1,882 (30.1)

Age, median <.001 <.001

Median (IQR) 36 [29–42] 35 [28–40] 36 [30–42] 33 [25–40] 36 [29–42]

Minimum - Maximum 18–83 18–69 18–82 18–75 18–83

Missing 5 0 3 0 2

Age ≥61 y, no. (%) 152 (1.0) 5 (0.6) 70 (1.1) .178 15 (1.4) 62 (1.0) .359

Job type, no. (%) <.001 .003

No direct patient contact 7,272 (50.0) 267 (29.9) 1,461 (23.2) 797 (71.7) 4,747 (76.0)

Direct patient facing 7,260 (50.0) 625 (70.1) 4,824 (76.8) 314 (28.3) 1,497 (24.0)

COVID-19 (by PCR) prior to
vaccination, no. (%)

2,662 (18.3) 123 (13.8) 1,198 (19.1) <.001 168 (15.1) 1,173 (18.8) .004

COVID-19 (by PCR), no. (%) 3,785 (26.0) 502 (56.3) 1,455 (23.2) <.001 412 (37.1) 1,416 (22.7) <.001

Follow-up period, days

Median (IQR) 243 [193–273] 222 [131–329] 254 [216–289] .046 248 [166–346] 229 [191–256] <.001

Minimum–maximum 15–534 15–534 15–356 15–482 16–336

Hospitalization, no. (%) 14 (0.10) 7 (0.80) 2 (0.03) <.001a 2 (0.18) 3 (0.05) .167a

ICU, no. (%) 2 (0.01) 2 (0.23) 0 (0.0) .015a 0 (0.0) 0 (0.0) : : :

Mechanical ventilation, no. (%) 1 (0.01) 1 (0.11) 0 (0.0) .124a 0 (0.0) 0 (0.0) : : :

Length of hospital stay, days .184

Median [IQR] 6 [3–10] 10 [5–11] 3 [3–4] 6 [5–6] 4 [4–5] .374

Minimum–maximum 2–15 2–15 2–4 5–6 3–6

No. 14 7 2 2 3

Comorbidity, no. (%)b 3,726 (26.7) 193 (22.9) 1,558 (25.9) .068 245 (24.5) 1,730 (28.3) .016

Obesity, no. (%)b 1,288 (9.2) 70 (8.3) 512 (8.5) .894 81 (8.1) 625 (10.2) .045

Hypertension, no. (%)b 1,143 (8.2) 55 (6.5) 458 (7.6) .292 69 (6.9) 561 (9.2) .023

Dyslipidemia, no. (%)b 905 (6.5) 46 (5.5) 413 (6.9) .145 48 (4.8) 398 (6.5) .048

Asthma, no. (%)b 583 (4.2) 38 (4.5) 242 (4.0) .565 36 (3.6) 267 (4.4) .310

Diabetes mellitus, no. (%)b 341 (2.4) 17 (2.0) 139 (2.3) .681 21 (2.1) 164 (2.7) .339

Cancer, no. (%)b 311 (2.2) 14 (1.7) 137 (2.3) .310 14 (1.4) 146 (2.4) .067

Bronchitis, emphysema, or COPD, no. (%)b 277 (2.0) 14 (1.7) 74 (1.2) .380 35 (3.5) 154 (2.5) .090

Arthritis, no. (%)b 149 (1.1) 3 (0.4) 62 (1.0) .089 12 (1.2) 72 (1.2) >.99

Stroke, no. (%)b 34 (0.2) 5 (0.6) 10 (0.2) .036 0 (0.0) 19 (0.3) .097a

Chronic kidney disease, no. (%)b 19 (0.1) 1 (0.1) 2 (0.0) .325a 3 (0.3) 13 (0.2) .483a

Note. ChAdOx1 vaccine, Oxford-AstraZeneca vaccine; COPD, chronic obstructive pulmonary disease; COVID-19, coronavirus disease 2019; ICU, intensive care unit; IQR: interquartile range; PCR,
polymerase chain reaction.
aComparisons for categorical variables performed with χ2 or Fisher exact test; for quantitative variables, the Mann-Whitney test was used.
bInformation available for 13,975 participants (96.2%), 843 with 2 doses of CoronaVac vaccine, 998 with 2 doses of ChAdOx1 vaccine, 6,018 with 2 doses of CoronaVac vaccineþ Pfizer/BioNTech
vaccine and 6,116 with 2 doses of ChAdOx1 vaccine þ Pfizer/BioNTech vaccine.
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Discussion

In this retrospective study, longer-term vaccine effectiveness with
heterologous COVID-19 vaccines (2 doses of either CoronaVac or
ChAdOx1 vaccine followed bymRNA booster) was still reasonable
for both vaccines, even after adjusting for important variables such
as the time to event from the last dose (ie, exposure duration) and
infection with the SARS-CoV-2 delta and omicron variants.
However, protection after 3 doses of the COVID-19 vaccine waned
overtime but provided good protection against infection, hospi-
talization and death, especially up to 6 months.

This result is endorsed by published evidence that the booster is
capable of raising the protection already built by the primary doses.
Rates of COVID-19 were significantly lower among people who
received the booster than among those who have just been
vaccinated with 2 doses.13,20,21 A similar comparison of 3 versus 2
doses of SARS-CoV-2 vaccines found a high vaccine effectiveness
of booster dose against symptomatic infection and demonstrated
that the booster was safe.22 A case–control study corroborates that

the booster adds significant protection.23 However, this study
showed reduced vaccine effectiveness during the SARS-CoV-2
omicron variant period.23 Notably, these booster studies did not
consider administration of heterologous COVID-19 vaccines in
their analysis.

This waning immunogenicity of the vaccines over time was also
reported in another study that evaluated the duration and
effectiveness of immunity induced by 2 doses of mRNA vaccine
and 2 doses of viral vector vaccine.24 In the short term, the 2 doses
promoted high protection against SARS-CoV-2 infection (vaccine
effectiveness, 91%–97%). However, after 6 months, the protection
decreased (vaccine effectiveness, 55%–67%) and in this period of
waning of protection, the omicron variant was the predominant
SARS-CoV-2 strain. This finding reinforces the importance of the
booster doses after the primary doses of the vaccines to maintain
protection, considering not only the waning immunogenicity
but also the emergence of the new variants. Initial studies have
shown that heterologous boostering may result in higher

Table 2. Estimated Effectiveness of a Third COVID-19 Vaccine Dose (Pfizer/BioNTech vaccine) in Reducing the Risk of Infection Over Time Among Healthcare Workers
(HCWs) Without Previous COVID-19

Days After Third Dose

2 Previous Doses
of the

CoronaVac Vaccine

2 Previous Doses
of the

ChAdOx1 Vaccine

Days After Third Dose

2 Previous Doses
of the

CoronaVac Vaccine

2 Previous Doses
of the

ChAdOx1 Vaccine

VE % (95% CI) VE % (95% CI) VE % (95% CI) VE % (95% CI)

0 0.0 (0.0–0.0) 0.0 (0.0–0.0) 130 73.8 (69.1–77.7) 85.5 (82.9–87.8)

5 35.4 (32.4–38.3) 47.3 (44.0–50.4) 135 72.3 (67.5–76.5) 84.3 (81.5–86.7)

10 58.3 (54.3–61.9) 72.2 (68.6–75.4) 140 70.8 (65.7–75.1) 83.0 (80.1–85.5)

15 73.0 (69.1–76.5) 85.4 (82.4–87.8) 145 69.2 (63.8–73.7) 81.6 (78.5–84.2)

20 82.6 (79.1–85.5) 92.3 (90.1–94.0) 150 67.4 (61.8–72.2) 80.0 (76.8–82.8)

25 88.7 (85.9–91.0) 95.9 (94.5–97.0) 155 65.6 (59.7–70.7) 78.3 (74.9–81.3)

30 91.2 (88.6–93.1) 97.1 (96.0–98.0) 160 63.7 (57.4–69.1) 76.5 (72.9–79.7)

35 90.7 (88.0–92.7) 96.9 (95.7–97.8) 165 61.7 (55.0–67.4) 74.5 (70.6–77.9)

40 90.1 (87.4–92.3) 96.6 (95.4–97.6) 170 59.5 (52.4–65.6) 72.4 (68.2–76.0)

45 89.6 (86.8–91.8) 96.4 (95.0–97.3) 175 57.3 (49.7–63.7) 70.1 (65.5–74.0)

50 89.0 (86.2–91.3) 96.0 (94.7–97.1) 180 54.9 (46.8–61.8) 67.5 (62.6–71.8)

55 88.4 (85.5–90.7) 95.7 (94.3–96.8) 185 52.4 (43.7–59.8) 64.8 (59.4–69.5)

60 87.7 (84.8–90.1) 95.3 (93.8–96.5) 190 49.7 (40.4–57.6) 61.8 (55.9–67.0)

65 87.1 (84.0–89.5) 95.0 (93.4–96.2) 195 46.9 (36.8–55.4) 58.6 (52.0–64.3)

70 86.3 (83.2–88.9) 94.5 (92.9–95.8) 200 44.0 (33.1–53.1) 55.1 (47.8–61.4)

75 85.6 (82.3–88.2) 94.1 (92.3–95.4) 205 40.8 (29.1–50.7) 51.3 (43.1–58.3)

80 84.8 (81.5–87.5) 93.6 (91.8–95.0) 210 37.5 (24.8–48.1) 47.2 (38.1–55.1)

85 83.9 (80.5–86.7) 93.0 (91.2–94.5) 215 34.1 (20.3–45.4) 42.8 (32.5–51.5)

90 83.0 (79.5–85.9) 92.4 (90.5–94.0) 220 30.4 (15.5–42.7) 38.0 (26.3–47.8)

95 82.1 (78.5–85.1) 91.8 (89.8–93.4) 225 26.5 (10.4–39.7) 32.7 (19.6–43.7)

100 81.1 (77.3–84.2) 91.1 (89.0–92.8) 230 22.4 (4.9–36.7) 27.1 (12.3–39.4)

105 80.0 (76.2–83.3) 90.4 (88.2–92.1) 235 18.1 (0–33.5) 20.9 (4.2–34.7)

110 78.9 (74.9–82.3) 89.5 (87.3–91.4) 240 13.5 (0–30.2) 14.2 (0–29.7)

115 77.7 (73.6–81.2) 88.7 (86.3–90.6) 245 8.7 (0–26.7) 7.0 (0–24.4)

120 76.5 (72.2–80.1) 87.7 (85.3–89.8) 250 3.6 (0–23.0) 0 (0–18.7)

125 75.2 (70.7–79.0) 86.7 (84.1–88.8)

Note. These estimates considered sex, age, HCW job, and comorbidities as covariates. Cases with previous COVID-19 were excluded.
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Table 3. Estimated Effectiveness of a Third COVID-19 Vaccine Dose (Pfizer/BioNTech vaccine) in Reducing the Risk of Infection Over Time Among Healthcare Workers
(HCWs) Including Those With Previous COVID-19

Days after Third Dose

2 Previous Doses
of the

CoronaVac Vaccine

2 Previous Doses
of the

ChAdOx1 Vaccine

Days After Third Dose

2 Previous Doses
of the

CoronaVac Vaccine

2 Previous Doses
of the

ChAdOx1 Vaccine

VE % (95% CI) VE % (95% CI) VE (95% CI) VE % (95% CI)

0 0.0 (0.0–0.0) 0.0 (0.0–0.0) 130 73.0 (68.6–76.8) 85.2 (82.7–87.4)

5 34.6 (31.7–37.3) 46.3 (43.2–49.2) 135 71.5 (66.9–75.5) 84.1 (81.4–86.3)

10 57.2 (53.4–60.7) 71.1 (67.7–74.2) 140 70.0 (65.2–74.2) 82.8 (80.1–85.2)

15 72.0 (68.2–75.3) 84.5 (81.6–86.9) 145 68.4 (63.4–72.8) 81.4 (78.6–83.9)

20 81.7 (78.3–84.5) 91.7 (89.6–93.3) 150 66.7 (61.4–71.3) 79.9 (76.9–82.6)

25 88.0 (85.1–90.3) 95.5 (94.1–96.6) 155 64.9 (59.3–69.8) 78.3 (75.2–81.1)

30 90.5 (88.0–92.5) 96.8 (95.7–97.7) 160 63.0 (57.1–68.1) 76.6 (73.3–79.6)

35 90.0 (87.4–92.0) 96.6 (95.4–97.5) 165 61.1 (54.8–66.5) 74.8 (71.2–77.9)

40 89.4 (86.8–91.6) 96.3 (95.0–97.2) 170 59.0 (52.3–64.7) 72.8 (68.9–76.1)

45 88.9 (86.2–91.1) 96.0 (94.7–97.0) 175 56.8 (49.7–62.9) 70.6 (66.5–74.2)

50 88.3 (85.5–90.5) 95.7 (94.3–96.7) 180 54.5 (46.9–61.0) 68.2 (63.8–72.1)

55 87.7 (84.8–90.0) 95.3 (93.9–96.4) 185 52.0 (43.9–59.0) 65.7 (60.9–69.9)

60 87.0 (84.1–89.4) 95.0 (93.5–96.1) 190 49.5 (40.8–56.9) 63.0 (57.7–67.6)

65 86.3 (83.3–88.8) 94.6 (93.0–95.8) 195 46.7 (37.4–54.7) 60.0 (54.3–65.1)

70 85.6 (82.5–88.1) 94.1 (92.5–95.4) 200 43.9 (33.8–52.4) 56.8 (50.5–62.4)

75 84.8 (81.6–87.4) 93.6 (92.0–95.0) 205 40.9 (30.0–50.0) 53.4 (46.3–59.5)

80 84.0 (80.8–86.7) 93.1 (91.4–94.5) 210 37.7 (26.0–47.6) 49.7 (41.8–56.5)

85 83.1 (79.8–85.9) 92.6 (90.8–94.0) 215 34.4 (21.7–45.0) 45.7 (36.9–53.2)

90 82.2 (78.8–85.1) 92.0 (90.1–93.5) 220 30.9 (17.2–42.3) 41.4 (31.6–49.8)

95 81.3 (77.8–84.2) 91.4 (89.4–93.0) 225 27.1 (12.4–39.4) 36.7 (25.7–46.0)

100 80.3 (76.7–83.3) 90.7 (88.7–92.3) 230 23.2 (7.2–36.5) 31.6 (19.3–42.1)

105 79.2 (75.5–82.3) 89.9 (87.8–91.7) 235 19.1 (1.8–33.4) 26.2 (12.4–37.8)

110 78.1 (74.3–81.3) 89.1 (87.0–90.9) 240 14.8 (0–30.2) 20.3 (4.8–33.3)

115 76.9 (73.0–80.3) 88.3 (86.0–90.2) 245 10.2 (0–26.8) 14.0 (0–28.5)

120 75.7 (71.6–79.2) 87.3 (85.0–89.3) 250 5.4 (0–23.3) 7.1 (0–23.3)

125 74.4 (70.1–78.0) 86.3 (83.9–88.4)

Note. These estimates considered sex, age, HCW job, comorbidities and previous COVID-19 as covariates.

Table 4. Participants with SARS-CoV-2 Variants of Concern (n=430) Detected by Whole-Genome Sequencing

Period

SARS-CoV-2 VOC Variant Lineage, No. (%)a

WGS Cases, No.Alpha B.1.1.28 Delta Gamma Omicron

Mar–Apr 2021 1 (5.0) 1 (5.0) 18 (90.0) 20

May–Jun 2021 1 (50.0) 1 (50.0) 2

Jul–Aug 2021 47 (49.0) 49 (51.0) 96

Sep–Oct 2021 139 (100.0) 139

Nov–Dec 2021 19 (90.5) 2 (9.5) 21

Jan–Feb 2022 7 (4.9) 137 (95.1) 144

Mar–Apr2022 2 (100.0) 2

May–Jun 2022 5 (100.0) 5

Jul 2022 1 (100.0) 1

Total 1 (0.2) 1 (0.2) 213 (49.5) 68 (15.8) 147 (34.2) 430

Note. VOC, variant of concern; WGS, whole-genome sequencing.
aData presented as number (row percentage). The 430 samples screened for mutations were the first samples collected from each individual.
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neutralizing-antibody responses than homologous boostering,
particularly after primary doses with a viral vector vaccine.25,26

In a study of US veterans, heterologous mRNA boosting offered
better protection against COVID-19 in individuals who were
initially vaccinated with a viral vector vaccine.27 A Chilean
study also demonstrated heterologous boosters showed higher
vaccine effectiveness among individuals with a complete primary
vaccination doses with CoronaVac for all outcomes, providing
additional support for this vaccine strategy.28 Similarly, a recent
study from Malaysa demonstrated that heterologous boosting
using Pfizer/BioNTech vaccine after inactivated and viral vector
primary vaccination is preferred.29 Thus, HCWs who received
either Coronavac or ChAdOx1 primary vaccination should receive
an mRNA booster, if available.

In our study, vaccine effectiveness among HCWs who had
previous COVID-19 was similar to vaccine effectiveness among
HCWs who did not have previous infection, and vaccine
effectiveness among both groups declined over time. Therefore,
the second booster should be recommended to HCWs who
completed 3 doses regardless of whether they had COVID-19.
In addition, vaccine effectiveness was nearly zero by the ninth
month after the first booster, and a second booster is strongly
encouraged for HCWs before the protection from prior vaccines
completely fades away.

Our study had several limitations. First, this is an observational
study, which is subject to multiple biases.30 However, this is the
most common study design in the infection prevention literature.30

We did not perform a test-negative design case–control study
because this study was retrospectively conducted using data from
symptom-based testing. There is a possibility that HCWs had
asymptomatic SARS-CoV-2 infection and did not undergo testing,
leading to misclassification of the outcome.31,32 Second, we did not
directly compare vaccine effectiveness between those with 2 doses
of CoronaVac followed by mRNA vaccine and those with 2 doses
of ChAdOx1 followed by mRNA vaccine. However, estimated
vaccine effectiveness over time was comparable between the
2 groups with >50% of vaccine effectiveness up to 180 days after
receiving the mRNA booster dose, thus a good time point to get a
second booster (Figs. 1 and 2). Third, we were not able to compare
homologous versus heterologous booster because most of our
HCWs received heterologous COVID-19 vaccination. A previous
study evaluating longer-term vaccine effectiveness detected that
heterologous boosting was associated with greater protection than
homologous boosting for those with mRNA vaccine primary
dosing.33 However, a nationwide study from Brazil detected
reduced longer-term vaccine effectiveness for homologous and
heterologous (Pfizer/BioNTech COVID-19 vaccine) booster doses
in preventing COVID-19 in adults who received primary doses of
CoronaVac during the SARS-CoV-2 omicron variant period.34

Fourth, we could not perform further analyses by immunocom-
promised status due to the limited number of cases. Fifth,
neutralizing viral antigen-binding antibody levels were not
available in our HCW cohort study. However, the US FDA does
not recommend antibody testing for SARS-CoV-2 to determine
immunity or protection from COVID-19, especially among those
who are vaccinated.35 Sixth, our study focused only on long-term
vaccine effectiveness for the third dose against COVID-19 in
HCWs; thus, we could not fully evaluate vaccine effectiveness for
other outcomes such as COVID-19 hospitalization, COVID-19
reinfection, or COVID-19 death, because these outcomes were few
in number. Other studies have demonstrated that the booster dose
also has a significant protective effect against these severe

outcomes.11,36 Lastly, we were not able to perform viral sequencing
in all COVID-19 cases; it was limited to a small random sample of
430 HCWs, but the most prevalent variants detected in the study
period were SARS-CoV-2 delta and omicron variants, representing
∼85% of cases.

In conclusion, viral vector and inactivated virus COVID-19
vaccines can significantly prevent infection, hospitalization, and
death among HCWs when boosted with a third dose of Pfizer/
BioNTech mRNA vaccine, even for a relatively long period
(6 months). This heterologous vaccine strategy was also effective
among HCWs even after emergence of a new SARS-CoV-2
variants (ie, omicron). The associated protection waned over 180
days, independent of having previous COVID-19, which suggests
the necessity for a second booster. More studies are needed to
evaluate vaccine effectiveness for other heterologous prime-
booster COVID-19 vaccines (bivalent COVID-19 vaccines),
COVID-19 breakthrough infection, and analysis of genomic
surveillance to better understand vaccine effectiveness against
newer SARS-CoV-2 variants, such as omicron BA.5 and XBB.1.5.

Supplementary material. The supplementary material for this article can be
found at https://doi.org/10.1017/ash.2023.173
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