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Abstract

: A third (booster) dose of the COVID-19 vaccine is strongly
recommended for individuals who have completed a primary series of SARS-CoV-
2 vaccination at least three months prior. This study aimed to compare the efficacy
of homologous and heterologous COVID-19 booster vaccines in increasing serum
anti-spike antibody levels in vaccinated individuals.

: This cross-sectional study included 98 employees of
Sabzevar University of Medical Sciences who had received a booster dose at least
two weeks prior. Five milliliters (5 mL) of venous blood was collected from each
participant, and serum anti-spike IgG concentrations were measured using an ELISA
method. Participants were categorized into homologous and heterologous booster
groups based on their third dose, and antibody levels were compared between the
groups.

No significant differences in mean serum anti-spike antibody
concentrations were observed between genders or across age groups. However, the
heterologous booster group demonstrated significantly higher mean anti-spike
antibody levels compared to the homologous booster group. Among all vaccine
types, the homologous AstraZeneca vaccine elicited significantly higher mean anti-
spike antibody levels.

: The results indicated that a heterologous booster dose elicited a
stronger immune response against SARS-CoV-2 than a homologous booster,
supporting its use in informed vaccination strategies.
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Introduction

SARS-CoV-2, a  single-stranded = RNA
betacoronavirus, belongs to the genetic subgroup
Sarbecovirus within the family Coronaviridae. This
subfamily also includes MERS-CoV (Middle East
respiratory syndrome), SARS-CoV, and SARS-like
viruses found in bats, such as bat-SL-CoVZC45 and
bat-SL-CoVZXC21. Infection with SARS-CoV-2
leads to COVID-19, also known as novel
coronavirus pneumonia. The rapid spread of the
disease prompted the World Health Organization
(WHO) to declare a global pandemic on March 11,
2020. As of March 2025, more than 700 million
people had been infected, with approximately 7
million reported deaths worldwide
(https://www.worldometers.info/coronavirus/).
Diagnosis of SARS-CoV-2 infection is currently
based on clinical symptoms, laboratory findings,
and radiological changes.

WHO-approved COVID-19 vaccines under
Emergency Use Listing (EUL) include mRNA
vaccines BNT162b2 (Pfizer-BioNTech) and
mRNA-1273 (Moderna), viral vector vaccines
AstraZeneca  and  Janssen = Ad26.COV2.S
(Janssen/Johnson & Johnson), and inactivated virus
vaccines Sinopharm and Sinovac. The FDA granted
full approval to the Pfizer-BioNTech COVID-19
vaccine for individuals aged 16 and older on August
23,2021.

However, the emergence of more aggressive
SARS-CoV-2 variants and evidence of waning
immunity following vaccination have prompted
health authorities to recommend booster doses. A
third dose of the SARS-CoV-2 vaccine is now
strongly recommended for individuals who
completed their primary vaccination series at least
three months prior. A critical question remains:
should the booster dose be homologous (same
vaccine platform as the primary series) or
heterologous  (different  vaccine  platform)?
Additionally, which approach is more effective in
stimulating the production of SARS-CoV-2-specific
antibodies? To address these questions, this study
aimed to compare the efficacy of homologous
versus heterologous booster vaccines in enhancing
anti-spike antibody levels.

Methodology
Study Population and Grouping

This study was conducted in accordance with
the protocol approved by the Ethics Committee of
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Sciences

Sabzevar University of Medical
[IR.MEDSAB.REC.1400.170]. The Cross-
sectional study included 98 employees of Sabzevar
University of Medical Sciences who had received
a booster dose of various SARS-CoV-2 vaccines
(AstraZeneca,  PastoCovac,  Spikogen, or
Sinopharm) within a specific timeframe.
Participants were required to have received their
booster dose at least two weeks but no more than
30 days before the study and to have provided
written consent. Individuals with active SARS-
CoV-2 infections, those on immunosuppressive
medications, transplant recipients, and those with
malignant or hematological diseases were excluded
to ensure a focused examination of the vaccine's
effects in a specific population.

After obtaining written consent, 5 mL of venous
blood was collected from each participant.
Participants were categorized into two groups
based on the type of booster dose received:
homologous and heterologous. The homologous
group included individuals who received the same
vaccine platform for their primary series and
booster dose (e.g., Sinopharm-Sinopharm-
Sinopharm or AstraZeneca-AstraZeneca-
AstraZeneca). The heterologous group comprised
individuals who received a booster dose from a
different vaccine platform, specifically a
recombinant vaccine (PastoCovac or Spikogen),
following a primary series of either Sinopharm or
AstraZeneca.

Measurement of anti-spike antibody levels

Serum anti-spike antibody levels were
measured using an ELISA kit from Pishtaz Teb
Company. Blood samples were centrifuged and
stored at -20 °C until testing. The ELISA procedure
involved thawing and diluting the samples,
incubating them at 37 °C, and treating them with a
conjugated enzyme solution and dye. Optical
density was measured at 450 nm using an ELISA
reader to determine antibody concentrations. The
kit demonstrated high sensitivity (98.6%) and
specificity (98.3%).

Statistical analyses

Data were analyzed using SPSS version 22.
Descriptive  statistics  (percentages, means,
standard deviations, medians, and ranges) were
used to summarize the data. The Mann-Whitney
test was used to compare mean serum anti-spike
antibody concentrations between homologous and
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heterologous vaccine regimens and between
genders. The Kruskal-Wallis test was used to
analyze differences in antibody concentrations
across age groups and vaccine types. A
significance level of P < 0.05 was used for all
analyses.

Results

Descriptive Results

The study included 98 participants (48% male,
52% female) with a mean age of 39.74 years. Of
these, 54.1% received homologous vaccines, and
45.9% received heterologous vaccines (Figure 1).
The mean serum anti-spike antibody concentration
was 160.92 + 56.97 AU/mL (Table 1). Males
generally exhibited lower antibody concentrations
than females in the homologous vaccine group,
while males in the heterologous vaccine group had
higher concentrations than their female
counterparts. Female recipients of the Sinopharm
vaccine had the highest mean antibody
concentration (191.77 + 23.11 AU/mL), while
male recipients of AstraZeneca had a mean
concentration of 153.18 + 46.68 AU/mL. These
findings suggest that both gender and vaccine type
influence serum anti-spike antibody levels (Table
2). The mean serum concentration of anti-spike
antibodies, stratified by age group and vaccine
type, is presented in Table 3.
Analytical Results

Recipients of heterologous vaccines had a
significantly higher mean serum anti-spike
antibody concentration (171 AU/mL) compared to
those receiving homologous vaccines (152
AU/mL; P = 0.005). The Kruskal-Wallis test
revealed significant differences in antibody
concentrations among vaccine types (P = 0.001).
The AstraZeneca-recombinant vaccine
combination yielded the highest mean antibody

concentration (173 AU/mL), followed by
Sinopharm-recombinant (169 AU/mL),
Sinopharm-Sinopharm (158.21 AU/mL), and

AstraZeneca-AstraZeneca (147.21 AU/mL). No
significant differences in antibody concentrations
were observed based on gender (P = 0.80) or age
groups (P =0.21) (Tables 4 & 5).

Discussion

A systematic review and meta-analysis by Jie
Deng et al. (2022) evaluated the efficacy and
safety of heterologous versus homologous
booster doses for SARS-CoV-2 vaccines.
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Analyzing data from over 7 million cases, the
study found that both booster types are effective
and safe, with heterologous boosters
demonstrating superior immunogenicity.
Similarly, Robert et al. reported that homologous
boosters increased neutralizing antibody titers by
4 to 20 times, while heterologous boosters
resulted in a more substantial increase of 6 to 73
times, highlighting the variability in immune
responses based on booster type.

Bar-On et al. (2021) conducted a study in
Israel demonstrating that a booster dose of the
Pfizer vaccine significantly reduced SARS-CoV-
2 infection and severe disease rates in
individuals aged 60 and older, further confirming
the efficacy and safety of booster doses. Klugar
et al. (2022) found strong acceptance of booster
doses among healthcare workers in the Czech
Republic, driven by confidence in their
effectiveness.

In 2023, Mojadadi et al. conducted a meta-
analysis comparing immunogenicity following
the third dose of SARS-CoV-2 vaccines. They
found that Heterologous booster recipients,
especially those given mRNA combinations,
exhibited higher mean anti-spike antibody
concentrations (171 AU/mL) than homologous
recipients (152 AU/mL), indicating a more
robust immune response. These findings
underscore the immunogenic advantages of
heterologous vaccination strategies.

In the present study, A significantly higher
mean serum anti-spike antibody concentration
was observed in the heterologous vaccine group
compared to the homologous group (171 AU/mL
vs. 152 AU/mL; P = 0.005). Additionally,
significant differences were observed among
vaccine types (P = 0.001), with the AstraZeneca-
recombinant combination yielding the highest
mean antibody concentration (173 AU/mL).
These results align with previous studies,
supporting the use of heterologous booster
regimens to enhance immunogenicity.

Conclusion

Given The results of this study demonstrate that a
heterologous booster dose elicits a stronger immune
response against SARS-CoV-2 than a homologous
booster. The findings can provide critical evidence to
inform the selection of COVID-19 booster vaccines.
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