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Abstract
Background and Objective A limited number of studies have addressed the protective duration of coronavirus disease 2019 
(COVID-19) vaccines following primary and booster doses in Saudi Arabia. Therefore, this study aimed to evaluate the 
protective duration of primary and booster doses of BNT162b2 and ChAdOx1 COVID-19 vaccine batches in Saudi Arabia.
Methods A cross-sectional study was conducted from 1 January to 31 December, 2021. The study included 53,354 people 
infected with severe acute respiratory syndrome coronavirus-2 2 weeks or more after receiving at least a primary vaccination 
of either the ChAdOx1 or BNT162b2 vaccine.
Results The total median protective duration of both primary COVID-19 vaccinations was 134 days. Heterologous primary 
vaccination (ChAdOx1 followed by BNT162b2) showed a significantly higher median protective duration of 142 days. The 
results show that the total median protective duration of the first booster doses of COVID-19 vaccines was 57 days. ChAdOx1 
batch code C1 was found to have the most extended protective duration of 173 days (range 163–192 days).
Conclusions The current study revealed that the median protective duration of ChAdOx1 and BNT162b2 COVID-19 pri-
mary vaccination regimens administered in Saudi Arabia in 2021 was 134 days and that heterologous primary vaccination 
(ChAdOx1→BNT162b2) exhibited a significantly higher protective duration than other vaccination regimens.
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Key Points 

The current study revealed that the median protective 
duration of ChAdOx1 and BNT162b2 coronavirus dis-
ease 2019 primary vaccination regimens administered in 
Saudi Arabia was 134 days in 2021.

Heterologous primary vaccination (ChAdOx1 followed 
by BNT162b2) showed a significantly higher median 
protective duration of 142 days.

ChAdOx1 batch code C1 was found to have the most 
extended protective period of 173 days (range 163–192 
days).
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1 Introduction

Coronavirus disease 2019 (COVID-19) vaccines are essen-
tial preventive pharmacological options to decrease the 
chance of severe acute respiratory syndrome coronavirus 
2 (SARS-CoV-2) infection among humans [1, 2]. Several 
approved COVID-19 vaccines have higher efficacy (above 
80%) in preventing infection, hospitalization, or death due 
to COVID-19 [3]. COVID-19 vaccines fall into four cat-
egories: mRNA based, adenovirus vector based, protein 
based, and inactive virus based [4].

Despite being reported to have a high efficacy in pre-
venting SARS-CoV-2 infection, the duration of protection 
for many COVID-19 vaccines is short-lived. mRNA-based 
vaccines have been reported to offer about 95% protection 
after 8 weeks and 67–80% after 28 weeks of vaccination. 
However, the effectiveness of adenovirus-based vaccines 
was reported to reach around 75% after 4 weeks and 60% 
after 20 weeks of vaccination [5].

Regarding the difference in effectiveness between the 
first and second dose, the first dose of BNT162b2 showed 
a brief protective duration against COVID-19. Moustsen-
Helms et  al. found the crude vaccine effectiveness of 
BNT162b2 was 60% and 96% 14 days after the first and 
second dose, respectively [6]. Similarly, Andrews et al. 
found BNT162b2 effectiveness to reach 94% 14 days after 
the booster dose [7].

Nevertheless, the efficacy of COVID-19 vaccines 
against some SARS-CoV-2 variants (i.e., omicron) is much 
lower. Andrews and colleagues revealed that primary 
doses of the ChAdOx1 vaccine did not effectively prevent 
the omicron variant [7]. In addition, the BNT162b2 vac-
cine was documented to protect from the omicron variant 
by 9% 6 months after vaccination. Moreover, a booster 
vaccination with BNT162b2 may raise the protection per-
centage against the omicron variant for only 9 weeks [8].

In the USA, Rosenberg et al. reported that COVID-19 
vaccines could not perfectly protect older people from get-
ting infected or hospitalized [9]. In addition, Robles-Fon-
tán showed that receiving the Ad26.COV2.S vaccine was 
also a factor in not reaching the optimum decline in the 
number of hospitalizations and deaths caused by SARS-
CoV-2 infection [10].

In Saudi Arabia, there is a limited number of studies 
regarding the protective duration of COVID-19 vaccines 
after primary and booster vaccinations. Additionally, 
limited studies globally discuss the difference between 
COVID-19 vaccine batches concerning the efficacy of 
lowering the number of cases.

Therefore, this study aimed to evaluate the expected 
protective duration of COVID-19 vaccines in Saudi Arabia 
by observing the time gap between the administration of 

BNT162b2 and ChAdOx1 vaccinations and obtaining a 
positive polymerase chain reaction (PCR) among SARS-
CoV-2 cases.

2  Subjects and Methods

2.1  Study Design and Population

A cross-sectional study was conducted in Saudi Arabia 
from 1 January to 31 December, 2021. The study included 
53,354 Saudi citizens and residents aged ≥ 12 years who were 
infected with SARS-CoV-2 2 weeks or more after receiving 
at least a primary vaccination of either the BNT162b2 or 
ChAdOx1 vaccine. The study excluded people who never 
tested PCR positive for SARS-CoV-2, did not receive a second 
dose of a COVID-19 vaccine, or were infected with SARS-
CoV-2 2 weeks before COVID-19 primary immunization.

2.2  Outcomes

The main outcome of this study was to determine the time 
gap between the date of receiving the second and booster 
doses of COVID-19 vaccines (BNT162b2 and ChAdOx1 
vaccines) and the date of a positive nucleic acid ampli-
fication (PCR) test for SARS-CoV-2. In addition, this 
study aimed to compare primary immunization regimens 
of BNT162b2 and ChAdOx1 vaccines and their batches 
(second doses) concerning the protective duration against 
COVID-19.

2.3  Data Collection Tools and Analysis

The study was based on secondary data on BNT162b2 and 
ChAdOx1 vaccinations obtained from the Saudi Ministry 
of Health Data Governance Team. The database includes 
vaccine type, batch code, time of vaccination, PCR-positive 
result, and the number of COVID-19 vaccine doses.

Official COVID-19 testing centers, supervised by the 
Saudi Ministry of Health, confirm a COVID-19 diagnosis 
from nasopharyngeal or oropharyngeal swabs taken from 
the upper respiratory tract. According to the Saudi Center 
for Disease Prevention and Control, a confirmed COVID-19 
case is defined as a person who has a positive PCR from a 
clinical laboratory authorized by the Saudi Public Health 
Authority. A person who meets the suspected case definition 
and tests positive by an antigen detection rapid diagnostic 
test authorized by the Saudi Food and Drugs Authority and 
validated by the Saudi Public Health Authority is also con-
sidered a COVID-19 case [11].

For the statistical analysis of the outcome data, the 
Kruskal–Wallis test and Mann–Whitney U test were 
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performed using SPSS version 25. The data were organ-
ized and saved using the Microsoft Excel 2016 program. A 
p-value < 0.05 was considered statistically significant.

The included participants were divided into four groups: 
group 1 received two doses of the BNT162b2 vaccine 
[homologous vaccination] (N = 34,744); group 2 received 
two doses of ChAdOx1 [homologous vaccination] (N = 
8435); group 3 received both vaccines (BNT162b2 followed 
by ChAdOx1) [heterologous vaccination] (N = 2892), group 
4 received ChAdOx1 followed by the BNT162b2 vaccine 
[heterologous vaccination] (N = 7283). Additional sub-
groups of people who received three doses of COVID-19 
vaccines [booster dose] (N = 1916) and those who received 
the most frequent COVID-19 vaccine batches (N = 14,457) 
were also studied. Those who received booster doses were 
divided into three groups: the BioNTech group received 
the BioNTech vaccine as a homolog primary series and 
the BioNTech vaccine as the booster dose; the ChAdOx1 
group received the ChAdOx1 vaccine as a homolog pri-
mary series and the ChAdOx1 vaccine as the booster dose; 
the randomly mixed group received either theBioNTech 
booster dose after a homolog ChAdOx1 or a heterologous 
ChAdOx1/BioNTech primary series vaccination or theCh-
AdOx1 booster dose after a homolog BioNTech or a heter-
ologous ChAdOx1/BioNTech primary series vaccination). 
The median protective duration and the interquartile range 
were determined and compared between the studied groups.

2.4  Ethical Consideration

The study was reviewed and approved by the Institutional 
Review Board Committee of the King Fahad Medical City 
(IRB Log Number: 22-195E). The confidentiality and ano-
nymity of the participants’ data were preserved. This study 
depended on anonymous secondary data; therefore, no con-
sent for participation was required.

3  Results

There were 53,354 COVID-19 cases reported between 1 
January and 31 December, 2021 among adolescents and 
adults in Saudi Arabia. These cases were infected with 
SARS-CoV-2 2 weeks or more after receiving at least a 
primary vaccination of either the BNT162b2 or ChAdOx1 
vaccine. The study included all the reported cases that met 
the inclusion criteria (N = 53,354) in the analysis. Out of 
the total included cases, those who received three doses 
of the COVID-19 vaccine (N = 1916) and received com-
monly administered BNT162b2 and ChAdOx1 batches (N 
= 14,457) were analyzed solely as a part of the sub-analysis 
(Fig. 1).

Almost two-thirds of the COVID-19 cases (65%) received 
the BNT162b2 homologous primary vaccination, while 16% 
of the cases received the ChAdOx1 homologous primary 
vaccination. Other groups of COVID-19 cases received the 
heterologous primary vaccination (14% received ChAdOx1 
followed by BNT162b2 while 5% received BNT162b2 fol-
lowed by ChAdOx1). The total median protective duration 
of all types of primary COVID-19 vaccinations was 134 days 
(Table 1). Heterologous primary vaccination (ChAdOx1 fol-
lowed by BNT162b2) showed a significantly higher median 
protective duration (142 days) compared with other primary 
vaccinations (135 days for BNT162b2 homologous, 130 
days for ChAdOx1 homologous, and 102 days for heterolo-
gous BNT162b2 followed by ChAdOx1, respectively, p < 
0.001) (Fig. 2A).

Concerning sex, the overall total median protective dura-
tion after different primary vaccinations was significantly 
higher among male than female individuals (136 vs 132 
days; p < 0.001). The protective duration of the BNT162b2 
homologous vaccination was significantly higher among 
male than female individuals (139 vs 132 days; p < 0.001), 
while the reverse was reported for the heterologous vaccina-
tion [BNT162b2 followed by ChAdOx1] (104 vs 101 days; 
p = 0.009). However, there was no significant difference in 
the protective duration concerning sex among those who 

COVID-19 cases reported between January 1 to December 31, 2021 

N = 58,300  

Did not complete primary 
vaccina�on  

N = 4337 

Infected within less than 2 
weeks from the comple�on of 

primary vaccina�on  

N = 126

Aged less than 12 years 

N = 2 

Included COVID-19 cases who 
received three doses of 

COVID-19 vaccine 

3 doses of BNT162b2;            
N = 1800 

3 doses of ChAdOx1; N = 12 

Randomly mixed; N = 104 

Total N = 1916 

Included COVID-19 who received at least two doses of COVID-19 vaccine 

BNT162b2; N = 34744 

ChAdOx1; N = 8435 

Heterologous (BNT162b2 → ChAdOx1); N = 2892 

Heterologous (ChAdOx1 → BNT162b2); N = 7283 

Total N = 53,354

Infected before comple�on of 
primary vaccina�on 

N = 481 

Included COVID-19 cases who 
received common administered 

BNT162b2 and ChAdOx1 batches 

BNT162b2 batch code T1; N = 4796 

BNT162b2 batch code T2; N = 4051 

BNT162b2 batch code T3; N = 2376 

ChAdOx1 batch code C1; N = 815 

ChAdOx1 batch code C2; N = 990 

ChAdOx1 batch code C3; N = 1429 

Total N = 14457 

Inclusion/exclusion phase
Analysis phase

Sub-analysis phase

Fig. 1  Flowchart of included and excluded coronavirus disease 2019 
(COVID-19) cases in this study
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received a ChAdOx1 homologous or heterologous vaccina-
tion (ChAdOx1 followed by BNT162b2).

In respect to the age groups, the total median protec-
tive duration of primary COVID-19 vaccinations was 
significantly higher among elderly individuals compared 
with adults (181 vs 137 days) and adolescents (181 vs 116 
days), respectively (p < 0.001). Among adolescents and 
adults, the higher protective duration was among those who 
received the heterologous vaccination (ChAdOx1 followed 
by BNT162b2) compared with the heterologous vaccination 
(BNT162b2 followed by ChAdOx1) [141 vs 105 days] and 
(142 vs 102 days), respectively, with a significant difference 
between them (p < 0.001). However, the highest median pro-
tective duration in elderly individuals was observed among 
those who received the BNT162b2 homologous vaccination 
(190 days).

The total number of subjects who received the first 
booster dose during the study period was 1916. The major-
ity [1800 (94%)] of them received three doses of BNT162b2, 
while only 5% and 1% received randomly mixed vaccines 
and three doses of ChAdOx1, respectively.

Table 2 shows that the total median protective dura-
tion of all types of first booster COVID-19 vaccines was 
57 days, with a higher protective duration for three doses 
of ChAdOx1 compared with three doses of BNT162b2 (80 

vs 57 days) and randomly mixed vaccines (80 vs 51 days), 
respectively. The median protective duration of the first 
booster dose was higher among female individuals than male 
individuals (58 vs 56 days; p = 0.104), with no statistically 
significant difference between them regarding the type of 
vaccine.

No significant difference was recorded between male and 
female individuals regarding the total protective duration 
following the first booster dose (p = 0.104). In contrast, 
female individuals recorded a significantly longer protective 
duration than male individuals following a randomly mixed 
booster dose (74.0 vs 38.0 days, p = 0.012). The reverse 
was recorded following the BNT162b2 booster dose (56.0 
vs 58.0 days, p = 0.034 respectively). Regarding sex, adults 
reported a significantly longer protective duration than 
elderly individuals following the randomly mixed-booster 
dose only (55 vs 27, p = 0.029, respectively). No significant 
difference was recorded between both age groups following 
the booster dose (p > 0.05). Table 2 also shows that admin-
istering the booster dose within 5 months of completing the 
primary vaccination provides a significantly extended pro-
tection period (94.5 vs 56 days, p < 0.001).

The protective duration of different batches of studied 
vaccines is presented in Fig. 2B. ChAdOx1 batch code C1 
was found to have the most prolonged protection period 

Table 1  Median protective duration after different types of primary coronavirus disease 2019 vaccinations in relation to sex and age

IQR interquartile range
a Kruskal–Wallis test
b Mann–Whitney test

Variable Median protective duration post-primary vaccination (IQR) in days p-valuea

Total BNT162b2 ChAdOx1 Heterologous 
(BNT162b2→ 
ChAdOx1)

Heterologous 
(ChAdOx1→ 
BNT162b2)

Total N = 53,354 [100%]
134.0 (109.0–152.0)

N = 34,744 [65.1%]
135.0 (111.0–154.0)

N = 8435 [15.8]
130.0 (101.0–149.0)

N = 2892 [5.4%]
102.0 (86.0–115.0)

N = 7283 [13.7%]
142.0 (127.0–152.0)

< 0.001

Sex
 Male N = 25,213 [47.3%]

136.0 (110.0–153.0)
N = 14,848 [58.9%]
139.0 (114.0–163.0)

N = 4717 [18.7%]
129.5 (101.0–149.0)

N = 1412 [5.6%]
101.0 (183.0–114.0)

N = 4236 [16.8%]
143.0 (127.0–152.0)

< 0.001

 Female N = 28,141 [52.7%]
132.0 (108.0–150.0)

N = 19,896 [70.7%]
132.0 (110.0–151.0)

N = 3718 [13.2%]
131.0 (102.0–149.0)

N = 1480 [5.3%]
104.0 (89.0–116.0)

N = 3047 [10.8%]
142.0 (128.0–151.0)

< 0.001

 p-valueb < 0.001 < 0.001 0.639 0.009 0.420 –
Age group (years)
 Adolescents 

(12–18)
N = 8354 [15.7%]
116.0 (106.0–131.0)

N = 8270 [99%]
116.0 (106–131.0)

N = 15 [0.2%]
113.0 (108.0–140.0)

N = 24 [0.3%]
105.0 (93.0–123.0)

N = 45 [0.5%]
141.0 (118.0–146.0)

< 0.001

 Adults (19–59) N = 41,982 [78.7%]
137.0 (109.0–153.0)

N = 24,319 [57.9%]
141.0 (117.0–163.0)

N = 7709 [18.4%]
127.0 (100.0-146.0)

N = 2807 [6.7%]
102.0 (86.0–115.0)

N = 7147 [17%]
142.0 (128.0–152.0)

< 0.001

 Elderly (≥60) N = 3018 [5.7%]
181.0 (139.0–221.0)

N = 2155 [71.4%]
190.0 (142.0–261.0)

N = 711 [23.6%]
176.0 (148.0–195.0)

N = 61 [2%]
102.0 (73.0–114.5)

N = 91 [3%]
140.0 (119.0–

157.25)

< 0.001

 p-valuea < 0.001 < 0.001 < 0.001 0.294 0.249 –
Median age (years) 32.0 (24.0–42.0) 30.0 (19.0–41.0) 35.0 (29.0–45.0) 33.0 (27.0–41.0) 34.0 (27.0–42.0) –
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reaching 173 days (163–192), followed by BNT162b2 batch 
code T1, ChAdOx1 batch code C3, ChAdOx1 batch code 
C2, BNT162b2 batch code T2, and BNT162b2 batch code 
T3, with the documented median days of 160 (148–166), 
152 (143–159), 149 (137–158), 149 (139–154), and 99 
(86–106), respectively (p < 0.001).

4  Discussion

The effectiveness of COVID-19 vaccines and their pro-
tection duration against SARS-CoV-2 infection have been 
studied by several researchers globally. mRNA vaccines, 
including BNT162b2 and Moderna COVID-19 vaccines, 
effectively prevented COVID-19 by almost 67% and 80% 
after 196 days of homologous primary vaccination, respec-
tively. The one-dose regimen of the Ad26.COV2.S vaccine 

was effective by 59% after 140 days of the single dose, while 
the ChAdOx1 vaccine was effective by around 60% after 90 
days of receiving the second dose [5, 12].

In the current study, conducted during the global omi-
cron variant outbreak (January–December 2021), the median 
protection duration was evaluated following the last vacci-
nation dose of different homologous and heterologous vac-
cine batches. It was observed that the total median protective 
duration of all types of primary COVID-19 vaccinations was 
134 days. A heterologous vaccination (ChAdOx1 followed 
by BNT162b2) showed a significantly (p < 0.001) higher 
median protective duration compared with a homologous 
primary vaccination of both BNT162b2 and ChAdOx1 and 
a heterologous primary vaccination (BNT162b2 followed 
by ChAdOx1). This result was in line with Mayr et al., who 
found the effectiveness of a heterologous regimen of Ad26.
COV2.S followed by the Moderna COVID-19 vaccine was 

Fig. 2  The median protection 
duration among cases who 
received primary vaccination 
(a) and those who received the 
three most common batches of 
BNT162b2 and ChAdOx1 vac-
cines (b). COVID-19 coronavi-
rus disease 2019, IQR interquar-
tile range. aKruskal–Wallis test, 
bMann–Whitney test
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effective by 56.7%, reaching up to 120 days, while the Ad26.
COV2.S homologous vaccination was effective by 29.3% for 
the same period [13].

Concerning non-omicron variants (including the delta 
variant), Nordström et al. found that mRNA COVID-19 
homologous vaccination regimens were more effective than 
ChAdOx1-based homologous and heterologous regimens 
after 10–15 weeks of completing primary immunization 
(≈ 83% vs 50%, respectively). However, they showed an 
acceptable efficacy (79%) after 12 weeks of receiving a het-
erologous vaccination that consists of ChAdOx1 followed 
by the Moderna COVID-19 vaccine [14].

In the present study, the total median protective duration 
of all types of first booster COVID-19 vaccines was 57 days, 
with a higher protective duration for the ChAdOx1 vaccine 
compared with BNT162b2 and randomly mixed vaccines. 
The decline in the protective duration following the first 
booster dose compared with the primary vaccination in our 
study could be attributed to the emerging pandemic of the 
omicron variant that occurred during the study period.

Among different age groups, the total median protective 
duration of a randomly mixed booster dose was significantly 
longer among adults compared with elderly individuals. In 
comparison, the median protection duration of the primary 
COVID-19 vaccinations was longer among those aged 60 
years and older compared with other age groups (adolescents 
and adults). Several studies revealed that BNT162b2, Mod-
erna, and ChAdOx1 vaccines’ effectiveness are high among 
elderly individuals [12, 15, 16]. A common explanation for 
these outcomes is the priority of vaccine administration 
among elderly individuals as they are considered a high-
risk group for COVID-19, and they could be less exposed 
to infection by staying at home.

Moreover, the current study also found that overall vac-
cinated female individuals had a statistically significant 
shorter duration of protection than male individuals. Flacco 
et al. also concluded that mRNA vaccines and the ChAdOx1 
vaccine showed lower male infection rates during an unspec-
ified evaluation period 14–21 days after the COVID-19 pri-
mary vaccination [17].

Table 2  Median protective duration after different types of first booster dose of coronavirus disease 2019 vaccinations in relation to sex and age

IQR interquartile range
a Kruskal–Wallis test
b Mann–Whitney test

Variables Total Median protective duration after the first booster dose (IQR) in days

BNT162b2 ChAdOx1 Randomly mixed

Total N = 1916 [100%]
57.0 (38.0–65.0)

N = 1800 [93.9%]
57.0 (39.0–65.0)

N = 12 [0.6%]
80.0 (69.75–132.75)

N = 104 [5.4%]
51.0 (22.75–97.5)

Sex
 Male N = 1084 [56.6%]

58.0 (39.0–66.0)
N = 1005 [92.7%]
58.0 (41.0–66.0)

N = 11 [1%]
–

N = 68 [6.3%]
38.0 (21.0–73.25)

 Female N = 832 [43.4%]
56.0 (38.0–65.0)

N = 795 [95.6%]
56.0 (38.0–64.0)

N = 1 [0.1%]
–

N = 36 [4.3%]
74.0 (34.5–123.5)

 p-valueb 0.104 0.034 0.012
Age group (years)
 Adolescents (16–18) N = 5 [0.3%]

–
N = 4 [80%]
–

N = 0 [0%]
–

N = 1 [20%]
–

 Adults (19–59) N = 1622 [84.7%]
57.0 (40.0–65.0)

N = 1533 [94.5%]
57.0 (41.0–65.0)

N = 11 [0.7%]
–

N = 78 [4.8%]
55.0 (26.0–105.5)

 Elderly (≥60) N = 289 [15%]
56.0 (29.0–66.0)

N = 263 [91%]
58.0 (33.0–66.5)

N = 1 [0.3%]
–

N = 25 [8.7%]
27.0 (20.0–55.0)

 p-valuea 0.876 0.411 – 0.029
Duration between primary vaccination 

and first booster dose (months)
 ≤ 5 N = 104 [5.4%]

94.5 (67.75–154.5)
N = 38 [36.5%]
134.5 (82.25–162.75)

N = 10 [9.6%]
–

N = 56 [53.9%]
90.5 (55.0–151.25)

 > 5 N = 1812 [94.6%]
56.0 (36.75–64.0)

N = 1762 [97.2%]
57.0 (39.0–65.0)

N = 2 [0.1%]
–

N = 48 [2.7%]
22.5 (17.0–31.5)

 p-valueb < 0.001 < 0.001 – < 0.001
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Bignucolo et al. investigated the influence of sex on the 
efficacy of COVID-19 vaccines through a systematic review 
and meta-analysis of clinical trials. The pooled analysis 
showed a significantly higher efficacy of COVID-19 vac-
cines in men compared with women regarding the protection 
of SARS-CoV-2 infection [18]. The sex-related differences 
in vaccine efficacy could depend on immunological, genetic, 
and hormonal backgrounds [19–21].

In the present study, we could not statistically analyze the 
median protection days of booster doses between different 
vaccines because of the small sample size of this group rela-
tive to the other groups of primary vaccination. However, 
one of the comparable findings that could be interpreted 
is the most effective timing for receiving the booster dose. 
It was found that administration of the BNT162b2 booster 
dose within 5 months significantly results in an extended 
protection period. The latter outcome could be correlated 
with Menni et al., as they recognized that the effectiveness 
of the BNT162b2 vaccine in preventing SARS-CoV-2 infec-
tion was reduced extensively 5 months after the second dose 
[22].

To the best of our knowledge, this is the first research 
to discuss the protective duration of specific COVID-19 
batches (second doses) against SARS-CoV-2 infection. 
Based on Moustsen-Helms et  al. and Aran’s studies, 
the first dose of BNT162b2 has a minimal effect after 3 
weeks, while the second dose can raise the protection to 
96% [6, 23]. Therefore, the current study only used the 
batches for second doses to compare the median protec-
tive days.

Despite the good efficacy of BNT162b2 during spe-
cific periods, two BNT162b2 batches showed significantly 
shorter protection than the four other COVID-19 batches 
(including three ChAdOx1 batches). The possible reasons 
for this variation could be related to the special storage 
factors, supply chain, operations, warehouse, transporta-
tion, and inventory management systems that deal with 
COVID-19 vaccines. mRNA vaccines could be more 
affected by these logistic elements owing to their require-
ment of high-cold storage and issues regarding their ther-
mostability [24].

4.1  Limitations

The small sample size in the sub-group with the first booster 
dose was one of the study’s limitations, which limited our 
ability to statistically analyze and compare the efficacy of 
the first booster dose with the primary vaccination. Addi-
tionally, the reported sex-linked variation in the protection 
period requires the inclusion of sex variables as a core in 
future studies. Moreover, the study did not include unvac-
cinated positive cases (control) to calculate the vaccine’s 
effectiveness.

5  Conclusions

The current study revealed that the median protective dura-
tion of total COVID-19 primary vaccination regimens 
received in Saudi Arabia was 134 days in 2021 and declined 
to 57 days during the omicron variant outbreak despite the 
booster doses received. Furthermore, the heterologous 
primary vaccination (ChAdOx1 followed by BNT162b2) 
showed a significantly higher protective duration than other 
vaccination regimens. ChAdOx1 batch code C1 was found 
to have the most prolonged protection period reaching 173 
days (range 163–192 days).
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