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Background and objectives: Little is known about the efficacy and durability of anti-RBD IgG antibodies
induced by certain SARS-CoV-2 vaccines. It has been shown that neutralizing antibodies are associated
with the protection against re-infection. This study aims to compare the mean titers, duration, and effi-
cacy of generating protective anti-RBD IgG antibody response among recipients of Pfizer/BioNTech,
AstraZeneca, Sputnik V, Johnson & Johnson, Moderna, and Sinopharm COVID-19 vaccines. In addition,
we aimed to compare the susceptibility of getting COVID-19 breakthrough infections after various types
of vaccines.
Materials and methods: Samples from 2065 blood bank donors and healthcare workers at King Hussein
Cancer Center (KHCC) were collected between February and September 2021. Anti-Spike/RBD IgG levels
were measured using Chemiluminescent microparticle-immunoassay (CMIA) (ARCHITECT IgG II Quant
test, Abbott, USA).
Results: The mean titer of anti-RBD IgG levels was significantly diverse among different types of vaccines.
The highest titer level was seen in participants who took a third booster vaccine shot, followed by Pfizer/
BioNTech, AstraZeneca, and Sinopharm vaccine. The mean titer levels of anti-RBD IgG antibodies in the
Pfizer vaccinated group was the highest after vaccination but started to drop after 60 days from vaccina-
tion unlike AstraZeneca and Sinopharm vaccine-induced antibodies where the mean titers continued to
be stable until 120 days but their levels were significantly lower. Most of the breakthrough infections
were among the Sinopharm vaccinated group and these breakthroughs happened at random times for
the three main types of vaccines.
Conclusions: Our data demonstrate that the mean-titer of anti-RBD IgG levels drop after four months
which is the best time to take the additional booster shot from a more potent vaccine type such as
mRNA vaccines that might be needed in Jordan and worldwide.

� 2022 Elsevier Ltd. All rights reserved.
1. Introduction

A newly discovered coronavirus is the causative agent of the
current coronavirus disease and the virus is called Severe Acute
Respiratory Syndrome Coronavirus 2 (SARS-CoV-2) [1]. The major
immunogenic components of SARS-CoV-2 are the spike and nucle-
ocapsid proteins which are mainly produced in large quantities
during infection. The interaction between the SARS-receptor bind-
ing domain (RBD) and the receptor–neutralizing antibody provides
opportunities for predicting and analyzing the function of muta-
tions in cross-species transmission and immunity. Furthermore,
monoclonal antibodies against the S protein could neutralize viral
infectivity. Neutralizing antibodies are a subset of antibodies able
to inactivate viruses and are associated with protective immunity
against re-infection for many infectious pathogens [2].

The control over the COVID-19 disease transmission in Jordan
during the first ten months of the pandemic depended on the pub-
lic health measures implemented by the government which can be
classified into three phases [3]. The first phase began in the last
week of February 2020, where the government applied strict con-
trol measures which resulted in flattening the epidemiological
infection curve and prolonging virus transmission in the commu-
nity [4]. The second phase started in August 2020 and was marked
by the loosening of strict measures [5]. This resulted in a dramatic
increase of cases up to 8000 positive PCR cases in a single day dur-
ing November 2020 [6] and Jordan was placed among the countries
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that had the highest number of cases in the world during that time.
The third phase of the pandemic showed a steady and continuous
decline of the epidemiological curve with an average of 2000 cases
per day over the last week of December 2020 [3,6].

The Clinical manifestations of the disease involve both respira-
tory and extra-respiratory symptoms that can range from asymp-
tomatic mild disease to acute respiratory tract infections. Hence,
misdiagnosis of COVID-19 infection in asymptomatic patients
especially when molecular testing is not available is possible.
These challenges limited the understanding of the epidemiology
and the real extent of SARS-CoV-2 infection and thus adversely
affected the implementation of infection control and prevention
policies [7].

On August 11, 2020, several companies and academic bodies
such as Moderna, CanSino, the University of Oxford, BioNTech,
Sinovac, Sinopharm, Anhui Zhifei Longcom, Inovio, Novavax, Vax-
ine, Zydus Cadila, Institute of Medical Biology, and the Gamaleya
Research Institute embarked on developing numerous clinical tri-
als on proposed vaccines to test its initial safety and immunogenic-
ity [8]. Jordan Food & Drug Administration (JFDA) approved the use
of the following vaccines; Pfizer/BioNTech, Sinopharm, AstraZe-
neca, Johnson & Johnson, and Sputnik V [9]. Up to date, the govern-
ment managed to administer (7, 354, 7747) doses of COVID
vaccines [10], and almost (3, 898, 463) received one dose while
(3, 479, 694) received two doses [11]. Despite all the vaccination
regimens and forced laws to implement strict protective measures
it remains unclear, however, is to what degree the immune sys-
tem’s safeguards that protect vaccinated people against COVID-
19 infection.

In this study, we aim to compare the mean titers, duration, and
efficacy in generating protective anti-RBD IgG antibody response
among different types of COVID-19 vaccines. We also aim to com-
pare the susceptibility of getting COVID-19 breakthrough infec-
tions after the various types of vaccines.
2. Methods

This study was a prospective cross-sectional seroepidemiologi-
cal study conducted from February to September 2021 at King Hus-
sein Cancer Center (KHCC) with a total number of 2065
participants of healthy blood bank donors and healthcare workers
(HCW) at KHCC regardless of their vaccination status or type of
vaccine taken. Participants were randomly recruited among the
blood bank donors and HCWs who were willing and interested in
participating in the study. Thereafter, the participants were
requested to fill out the official blood bank donor questionnaire
based on World Health Organization recommendations [12]. If
the HCW was deferred from donating blood for any reason but
he/she was still interested in participating in the study, they were
requested to fill out another consent form which included gather-
ing information related to the study. This information was then
collected in a data collection sheet approved by the Research Ethics
Committee (IRB) of King Hussein Cancer Center. All participants
provided written informed consent approved by the IRB committee
at KHCC.

Using Raosoft calculator the recommended sample size should
be 372 participants, based on the following assumption:
alpha = 0.05, Power 95%, using a population size of 11,566 (9269
blood bank donors during the study period donated blood + 2297
eligible medical staff workers = total of 11566) and response rate
50%; however, we screened 2065 participants to increase the
power of the study.
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2.1. Sampling and antibody titer quantification

Serum samples collected during the process of blood or aphere-
sis platelet donations were used for the study for blood bank
donors and they were also taken from healthcare workers after
signing the consent forms. Blood samples (3.5 mL) were drawn
from participants and the serum was collected by centrifuging
the samples at 4300 relative centrifugal force (rcf) for 5 min. Serum
samples were stored at �80 degrees Celsius until analyzed. Frozen
samples were thawed gently by transferring the samples to 4
degrees Celsius refrigerator for 24 h before analysis. The samples
were then vortexed before sample processing and analysis. Sam-
ples were tested using the SARS-CoV-2 IgG II Quant assay. The test
is a chemiluminescent microparticle immunoassay for the quanti-
tative determination of IgG antibodies to SARS-CoV-2, including
neutralizing antibodies, to the receptor-binding domain (RBD) of
the S1 subunit of the spike protein of SARS-CoV-2 in serum and
plasma from individuals who are suspected to have had coron-
avirus disease (COVID-19) or in serum and plasma of individuals
that may have been infected by or vaccinated against SARS-CoV-
2 (Abbott Architect SARS-CoV-2 IgG with ARCHITECT i1000SR ana-
lyzer; Abbott Laboratories, USA) according to the manufacturer’s
instructions [13]. The Abbott SARS-CoV-2 IgG II Quant assay has
a measuring range of 21.0–40,000.0 AU/mL, with �50 AU/mL con-
sidered seropositive. The assay has 99.35% sensitivity and 99.6%
specificity with 100% (86/86) positive agreement with the Plaque
reduction neutralization test (PRNT); 95% CI = 95.72. Plaque reduc-
tion neutralization tests (PRNT) are used to quantify the titer of
neutralizing antibodies for a virus [13–16].

2.2. Types of vaccines

Vaccinated participants took the COVID-19 vaccine which was
provided by the Jordanian Ministry of health and had no control
over choosing the type of vaccine administered to them. All vacci-
nated individuals received standard two doses of the same vaccine
type (all before adopting the booster dose policy). A small number
(3 participants) took multiple types of vaccines for personal rea-
sons such as traveling requirements. Two of the participants who
took multiple types, had two shots of Sinopharm followed by one
Pfizer/BioNTech shot, the third participant took the first vaccine
shot from Sinopharm, the second vaccine shot from AstraZeneca,
followed by the third vaccine shot from Pfizer/BioNTech depending
on the availability of the vaccines. The Ministry of Health provided
four types of vaccines. These types are as follows: Pfizer/BioNTech /
BioNTech: BNT162b2 (vaccine type: RNA, USA/Germany) (Pfizer/
BioNTech), Sinopharm (Beijing) BBIBP-CorV (Vero Cells) (vaccine
type: inactivated virus; China) (Sinopharm), Oxford/AstraZeneca
AZD1222 (vaccine type: None replicating viral vector; UK) (Astra-
Zeneca), and the Gamaleya Sputnik V (vaccine type: None replicat-
ing viral vector; Russia) (Sputnik) vaccine [17].

2.3. Statistical analysis

Participants’ characteristics and vaccine information were pre-
sented as counts and percentages; such as vaccine type, in addi-
tion, to mean and range to describe age and other continuous
factors. Comparison between vaccination rates, types, and out-
comes according to all factors; were carried out using T-test,
Mann-Whitney, Kruskal-Wallis, Fisher’s exact or Chi-square test
as appropriate. Logistic regression was used to determine the
adjusted and unadjusted odds ratios. Time to event data was
assessed using the Kaplan Meier method and log-rank test. A sig-
nificance criterion of p � 0.05 was used in the analysis. All analysis
was performed using SAS version 9.4 (SAS Institute Inc, Cary, NC)
and Microsoft Excel data analysis tools.



Table 3
Number and percent of seropositive and seronegative participants for the three main
vaccine types given in Jordan.

Vaccine type (N) Seronegative for anti-RBD
IgG

Seropositive for anti-RBD
IgG

AstraZeneca (179) 7 (3.9%) 172 (96.1%)
Pfizer/BioNTech

(516)
12 (2.3%) 504 (97.7%)

Sinopharm (510) 67 (13.1%) 443 (86.9%)
p-value <0.0001 <0.0001

Table 4
Mean titer of anti-RBD IgG level among all types of vaccines and main three types.

Mean Titer (Range) AU/ml p-value

Covid-19 Vaccine
types

Johnson 41.6 (41.6, 41.6) <0.0001
Moderna 7730.2 (1477.2, 12786)
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3. Results

3.1. Study population

The age of the studied population ranged from 17.6 to 70.4 years
old with a mean of 31.7 years. Of a total of 2065 individuals, there
were 1235 (59.8%) vaccinated individuals and 830 (40.2%) partici-
pants who were not vaccinated yet. Of the vaccinated participants,
1,144 (92.9%) tested positive for the anti-RBD IgG antibody and 87
(7.1%) were negative. In the non-vaccinated group, there were 364
(44.6%) who tested positive and 452 (55.4%) who were negative for
the anti-RBD IgG antibodies (p-value < 0.0001) (Table 1).

There were 954 males (77.2%) who got the COVID-19 vaccina-
tion compared to 281 (22.8%) females. The mean titer value of
IgG anti-RBD antibodies among males was 6,191.7 AU/ml com-
pared to 5,465.2 AU/ml in females (p-value 0.042) (see Table 2).
Sputnic 5315.9 (250.5, 13695)
multiple 15,832 (8307.0, 21010)

Covid-19 main
vaccine types

AstraZeneca 3576.5 (0.3, 40,000) <0.0001
Pfizer/BioNTech 11,478 (0.0, 40,000)
Sinopharm 1385.9 (0.0, 40,000)
3.2. Comparison between different types of vaccines in generating

protective anti-RBD IgG antibody response

Among the studied population, 179 subjects received the Astra-
Zeneca vaccine (mean age 36.6 years, range (19.9–67.3 years)), 516
took Pfizer/BioNTech vaccine (mean age 33.6 years, range (17.7–
70.4 years)), 510 were vaccinated with Sinopharm (mean age
32.9 years, range (18.5–62 years)). One individual took Johnson &
Johnson and four took Moderna outside Jordan, while seven were
vaccinated with Sputnic-V vaccine and three took multiple vaccine
types. The number and percentage of the seropositive and seroneg-
ative individuals according to the 3 main vaccine types are listed in
Table 3. The mean duration in days between the second vaccine
dose and sampling for anti-RBD IgG antibody titer in AstraZeneca
vaccinated participants was 72.5 (27.8) days. In Pfizer/BioNTech
and Sinopharm vaccinated subjects the mean duration was 75.2
(52.2) days and 74.1 (52.3) days respectively.

The mean titer of anti-RBD IgG level is illustrated in Table 4. The
results show that participants who took multiple vaccine types
(three vaccine shots) reported the highest mean titer of 15,832
AU/ml. All other vaccinated participants took two vaccine shots.
The mRNA vaccines Pfizer/BioNTech and the Moderna vaccine gen-
erated the highest titers among this group of vaccinated partici-
pants. The mean titer was 11,478 AU/ml and 7,730.2 AU/ml
respectively. As for the non-replicating viral vector vaccines, the
Sputnic-V vaccine mean-titer generated was 5,315.9 AU/ml fol-
lowed by AstraZeneca mean titer of 3,576.5AU/ml. There was only
one participant who took the Johnson & Johnson vaccine and the
titer was 41.6 AU/ml. Finally, the lowest mean titer was in the inac-
tivated virus vaccine Sinopharm group of 1,385.9 AU/ml (p-
value < 0.0001).
Table 1
Number of vaccinated and non-vaccinated participants.

Anti-RBD IgG antibody Seronegative Seropositive p-value

Total 539 (26.3%) 1508 (73.7%) <0.0001
Vaccinated 87 (7.1%) 1144 (92.9%)
Non-vaccinated 452 (55.4%) 364 (44.6%)

Table 2
Number of participants and mean anti-RBD IgG antibody titer divided by gender.

label Total Vaccinated (n = 1235, 59.8%)

Females 384 (18.6%) 281 (22.8%)
Males 1681 (81.4%) 954 (77.2%)
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3.3. The decline of anti-RBD IgG antibody titer produced in response to
different COVID-19 vaccines as a function of time

The duration from the date of the second dose of COVID-19 vac-
cine to the date of sample acquisition (this period shall be called
‘‘Duration”) was analyzed. The percent of seroconversion; which
is according to the manufacturer’s recommendation interpretation
of the test result is considered seropositive/immune or
seronegative/non-immune, for the three main types of vaccines
was evaluated during the elapsed time since the second dose of
vaccine. We found that all three main vaccine types (AstraZeneca,
Pfizer/BioNTech, and Sinopharm) had the same seropositive status
among the participants during the first four months after vaccina-
tion. Thereafter, a drop in the number of seropositive participants
vaccinated with Sinopharm, compared to individuals vaccinated
with Pfizer/BioNTech or AstraZeneca is observed. Fig. 1 shows that
the drop in the probability of being seropositive for Sinopharm
vaccinated individuals exceeded 50% after the sixth month from
the second vaccine dose (Table 5). On the other hand, the probabil-
ity of being seropositive for anti-RBD IgG against SARS-Cov2 virus
in AstraZeneca and Pfizer/BioNTech vaccinated individuals
remained steady after 6 months of vaccination (Fig. 1 and Table 5).

The duration period was further divided into five intervals to
make the groups as homogenous as possible for accurate statistical
comparison. The antibody titer for all the three main vaccine types
showed a decline with elapsed time from the date of vaccination to
the date of sampling (p-value < 0.005) as shown in Fig. 2.

Fig. 3 represents the mean titer level for each vaccine plotted
against the predefined intervals post-vaccination. Data shows that
the Pfizer/BioNTech vaccine induced a high titer level in the first
period (0–30 days) after vaccination unlike the other two vaccines
AstraZeneca and Sinopharm (p < 0.05) then the titer dropped to the
level of the other vaccines after four months (Fig. 3).
Not vaccinated (n = 830, 40.2%) Mean titer (Range)

103 (12.4%) 5465.2 (0.0, 40000)
727 (87.6%) 6191.7 (0.0, 40000)



Fig. 1. Comparing the probability of being seropositive for anti-RBD IgG antibodies among the three main vaccine types.

Table 5
Comparing the persistence of the percent seropositive rate for anti-RBD IgG
antibodies among the three main vaccine types.

Months % seropositive rate

AstraZeneca Pfizer/BioNTech Sinopharm

5 100% 100% 95.8%
6 100% 100% 92.9%
7 100% Not reached 42.5%
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3.4. Comparison of the susceptibility of breakthrough COVID-19
infection after vaccination

The probability of the occurrence of a breakthrough infection
with the SARS-Cov2 virus after vaccination (regardless of vaccine
type) was estimated to be around 20% after an average of 6 months
from vaccination (Fig. 4).
Fig. 2. Titer of anti-RBD IgG in all vaccinated particip
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Among the 1210 participants who received the AstraZeneca, Pfi-
zer/BioNTech, or Sinopharm vaccines 27 got a breakthrough infec-
tion with the SARS-Cov2 virus after vaccination. Out of these 27
participants, 19 (70.4%) had 2 shots of Sinopharm vaccine while
4 (14.8%) had 2 shots of AstraZeneca and 4 (14.8%) had 2 Pfizer/
BioNTech vaccines (Table 6). The duration between getting the sec-
ond dose of the vaccine and encountering the breakthrough infec-
tion was available for 12 participants out of the 27. The duration
for the breakthrough infection for the AstraZeneca vaccinated par-
ticipants ranged from 29 to 109 (mean 59.3) days, while for Sino-
pharm vaccinated participants it ranged from 6 days to 201 (mean
78.5) days, and for the Pfizer/BioNTech vaccinated participant with
available data it was 37 days (Fig. 5).
ants vs post vaccinations period p-value < 0.005.



Fig. 3. Comparison of the mean titer of anti-RBD IgG in vaccinated participants during the five-time intervals for the three main anti-COVID-19 vaccines.

Fig. 4. The probability of a possible breakthrough infection with the SARS-Cov2 virus after vaccination regardless of the type of vaccine administered.
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4. Discussion

Our data show that the seroprevalence rate for anti-RBD IgG
antibodies was significantly higher among the SARS-Cov2 virus
vaccinated group (92.9%) compared to (55.4%) in the
2845
non-vaccinated participants (p-value < 0.0001). Furthermore, the
seroconversion rate generated by the mRNA vaccines or the vector
type vaccines (Pfizer/BioNTech) 97.7% and AstraZeneca 96.1% was
significantly higher compared to the inactivated virus vaccine
(Sinopharm 86.9%). The mean anti-RBD IgG antibody titer was sig-



Table 6
Breakthrough infections in vaccinated subjects (N = 27).

SARS-Cov2 virus infection after
vaccination

AstraZeneca Pfizer/
BioNTech

Sinopharm

Count 4 4 19
Percentage 14.81% 14.81% 70.37%
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nificantly higher in those vaccinated with Pfizer/BioNTech (11,478
AU/ml) followed by AstraZeneca (3576 AU/ml) then Sinopharm
(1385 AU/ml) p-value < 0.0001. This result supports the finding
by Modenese, A. et al that the Pfizer/BioNTech (BNT162b2) vaccine
induces high titers of anti-SARS-CoV-2 anti-RBD IgG antibodies
[18]. Moreover, since there was no significant difference between
the mean duration in days to sample acquisition following the
second vaccine dose between AstraZeneca, Pfizer/BioNTech, and
Sinopharm vaccinated subjects, it is less likely that there is any
effect of vaccination time and sample collection on seroconversion
rate or titer measured in the serum of participants.

The probability of being seropositive for the anti-RBD IgG anti-
bodies after vaccination remained constant until the seventh
month in the mRNA vaccine and the vector vaccine, while it
dropped gradually after the fourth month in the inactivated virus
vaccine (p-value 0.0015). We also noticed that the mean titer levels
of anti-RBD IgG antibodies in the Pfizer/BioNTech vaccinated group
Fig. 5. Box and Whisker plot for the 12 participants duration period between the second
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was the highest after vaccination at 17,325.5 AU/ml, then started
to drop to 8317.5 AU/ml between day 61 and 90 after vaccination
then dropped to 2521.1 AU/ml after 120 days. This drop in the anti-
body response to the S1 antigen in the mRNA vaccinated individu-
als was also documented by other researchers [19–21]. On the
other hand, AstraZeneca and Sinopharm vaccine mean titers con-
tinued to be stable until 120 days but their levels were significantly
lower (4095.5 AU/ml, 2381.7 AU/ml respectively) after day 120
(p-value < 0.05). Our data further, indirectly support the study by
Saban et al. which demonstrated that taking a third-booster
vaccine reduced hospitalizations and mortality rates [22]. Here
we demonstrate that a booster dose from a different type of
vaccine induced a significantly higher titer of anti-RBD IgG anti-
bodies (15,832 AU/ml) compared to all types of vaccines including
the mRNA type of vaccines.

Finally, although a recent study showed that there was no
COVID-19 breakthrough infection 1–2 months post-vaccination
with Pfizer/BioNTech vaccine in Japan [23], our data showed that
the duration for the breakthrough infection for the Pfizer/BioNTech
vaccinated participant was 37 days compared to the duration for
the breakthrough infection in the AstraZeneca vaccinated partici-
pants which ranged from 29 to 109 days (mean 59.3), while for
Sinopharm vaccinated participants the duration ranged from 6 to
201 days (mean 78.5).
vaccine dose and COVID-19 breakthrough infection for the three main vaccine types.
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It is noteworthy that during the period of this study there were
two SARS-CoV-2 virus strains (alpha and delta) circulating in Jor-
dan and this should be taken into consideration as one of the lim-
itations. We could not determine the strain that was causing the
observed breakthrough infection in the latter part of the study per-
iod. However, we suspect that the cause of the breakthrough infec-
tions was probably due to the delta variant.

This study is one of the very few studies that directly compare
the humoral response of three vaccine types. This may help shed
light and improve vaccination strategies.

This is the first study in the region comparing the efficacy and
seroconversion duration generated by the three main types of vac-
cines implemented by the ministry of health in Jordan in generat-
ing IgG antibodies to SARS-CoV-2. We suggest that further
prospective follow-up studies must be done regarding the break-
through infections.
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Implications of all the available evidence
Exploring the protective capacity and the duration of anti-RBD

IgG after COVID-19 vaccination is critical for managing the pan-
2847
demic and would also provide more evidence about the efficacy
of SARS-CoV-2 vaccines. We anticipate that the data from our
study would help in improving vaccination strategies and public
health decisions.
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