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ARTICLE INFO ABSTRACT

Keywords: As of 2022, the global population has access to several mRNA and traditional inactivated vaccines. However,
COVID-19 their effectiveness in preventing infection, hospitalization, and COVID-associated mortality in Jordan has yet to
VaCCi“eS' be evaluated. The purpose of this observational study was to evaluate the relative effectiveness of three approved
Elzr;;?;ﬁ;z:ioﬂ vaccines against COVID-19 in a sample of the Jordanian population. The study was conducted between July 2021
Infection and 2022 in a sample of adult patients presenting to hospitals across Jordan and receiving one of the three
Mortality vaccines — Pfizer (BNT162b2), Astra Zeneca (ChAdOx1-S), or Sinopharm (BBIBP-CorV). Data were collected to

measure the rates of infection without hospitalization, infection with hospitalization, and death. The sample
included patients with one of the following chronic conditions: cardiovascular disease, respiratory disease, or
diabetes. Primary data were obtained from patients’ health records. The sample included 6132 adults from
Jordan, with a mean age 52 + 17 years. The rates of death in patients receiving two doses of any vaccine ranged
between 0.175 and 2.77%, compared with 0.69-13.53% in patients receiving only one dose. The rates of hos-
pitalization were 6-7.97% with two doses, compared to 7.98-25.13% with one dose. The rates of infection
without hospitalization were significantly higher in the two-dose group (6-25.1%) compared with those who had
received only one dose of any COVID-19 vaccine (0.69-10.61%). In conclusion, receiving two doses of a COVID-
19 vaccine was associated with lower odds of mortality and hospitalization and higher odds of infection. More

research is needed to evaluate the safety and efficacy of vaccines against SARS-CoV-2.

1. Introduction

On March 11, 2020, the World Health Organization (WHO) declared
the beginning of the COVID-19 pandemic [1]. Within months after
declaring the epidemic, the world saw the first candidate vaccines,
including BNT162b2 from Pfizer-BioNTech and ChaAdOx1 adenoviral
vaccine from Oxford-AstraZeneca [1]. The initial goal was to create a
vaccine effective enough to prevent infection with SARS-CoV-2 [2]. It
was also expected that COVID-19 vaccination would reduce hospitali-
zations and mortality caused by SARS-CoV-2. Several trials of mRNA
vaccines demonstrated that they were 92-95% effective in preventing
COVID-19 infection [2-5].

Today, all COVID-19 vaccines are administered to induce immunity
against symptomatic SARS-CoV-2 infection and minimize the risks of
severe COVID-19. After administration, COVID-19 vaccines launch a
chain of immune reactions involving B cells [6]. They cause an antibody
response, with antibodies binding to the spike protein to prevent
SARS-CoV-2 from entering the cell [6]. The immunological memory
created by the COVID-19 vaccines is the primary factor protecting
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individuals from symptomatic and severe infection, thus lowering the
risks of COVID-related death.

Despite the growing number of adults receiving COVID-19 vaccines,
the knowledge of their effectiveness in different countries and popula-
tion groups is scarce [6]. Studies of the comparative effectiveness and
safety of mRNA and classic inactivated vaccines against COVID-19
continue, most conducted in Europe or the United States [1,3,7-9]. A
few studies were conducted in Egypt, Iran, and Pakistan [10-12]. Until
present, only one study of COVID-19 vaccines has been conducted in
Jordan, but its goal was to evaluate the scope of vaccine side effects
rather than measure their comparative effectiveness [13]. Therefore, the
effectiveness of mRNA and traditional inactivated COVID-19 vaccines in
Jordan remains an under-researched area.

Added to this is the lack of data and understanding regarding the
effects of COVID-19 vaccines on infection, hospitalization, and mortality
in at-risk groups. These include individuals with cardiovascular disease,
diabetes, and chronic respiratory disease [14]. Knowing this, the pur-
pose of this observational study was to evaluate the comparative effec-
tiveness of three COVID-19 vaccines currently approved for use in
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Jordan — Pfizer-BioNTech (BNT162b2), Astra Zeneca (ChAdOx1-S), and
Sinopharm (BBIBP-CorV) in a large sample of Jordanian adults with
chronic cardiovascular and respiratory conditions and diabetes.

2. Materials and methods

This observational study was conducted between July 2021 and
January 2022 in several hospitals in different regions within Jordan. The
study population included adults with at least one chronic con-
dition-cardiovascular, respiratory, or diabetes—presenting to one of the
clinics for COVID-19 vaccination. Patients received one or two doses of
one of the following vaccines: Pfizer, Astra Zeneca, or Sinopharm. Pa-
tients’ health records were used to evaluate the following outcome
measures: infection rates (symptomatic), hospitalization rates, and
mortality rates. Simple descriptive statistics were used to calculate the
percentage of patients with one or two doses of a COVID-19 vaccine with
symptomatic infection, requiring hospitalization, or dying as a result of
COVID-19. Outcomes were measured for all three vaccines. The relative
effectiveness of each of the three vaccines in preventing infection, hos-
pitalization, and death from COVID-19 was also evaluated. All hospitals
confirmed that the cause of mortality was the result of COVID-19. Sta-
tistical analysis.

IBM SPSS v25.0 was used for the statistical analysis. The data was
presented as frequency and percentage (%). Columns were used for data
visualization; each column represents a percentage of the population
and not absolute numbers to avoid misrepresentation errors (one group
is larger than the other). Differences between groups were analyzed
using the Chi-Square test of independence and the Z-test for column
proportion. A P value of less than 0.05 was considered statistically sig-
nificant. A Bonferroni correction was applied for all pairwise compari-
sons using the Z-test.

3. Results

The sample included 6132 adults presenting to hospitals in Jordan.
The mean age of study participants was 52 &+ 17 years, 61.98% of them
being male (N = 3801) and 38.01% being female (N = 2331). Of these,
2017 patients received one dose of a COVID-19 vaccine, and 4115 pa-
tients received two doses. In the one-dose group, 1317 patients received
Sinopharm, 320 patients received Pfizer, and 380 patients received
AstraZeneca. In the two-dose group, 1317 patients received Sinopharm,
1006 received Pfizer, and 1792 received AstraZeneca. All patients had at
least one of the three chronic conditions: cardiovascular disease, chronic
respiratory disease, and/or diabetes.

3.1. Overall effectiveness of COVID-19 vaccines

Receiving two doses of any vaccine was associated with lower
mortality (X2 = 45.84, p < 0.001). During the study period, 2.77% of
patients (N = 114) with cardiovascular disease died of COVID-19 after
two doses of a COVID-19 vaccine, compared to 13.53% of patients after

Table 1

Microbial Pathogenesis 171 (2022) 105729

one dose (N = 273) (Z-test p < 0.001). The rate of mortality among
patients with chronic respiratory disease after two doses was 9.99% (N
= 411), compared with 20.42% (N = 412) after receiving the first dose
(Z-test p < 0.001). In patients with diabetes, mortality due to COVID-19
was 0.175% (N = 7) after two doses, compared to 0.69% (N = 14) after
the first dose. No significant difference was found (Z-test p > 0.05)
(Table .1, Fig. 1).

Receiving two doses of a COVID-19 vaccine was associated with
lower rates of hospitalization for patients with cardiovascular disease
and diabetes (X2 = 330.981, p < 0.001). Hospitalization rates for in-
dividuals with cardiovascular disease were 7.97% (N = 328) after the
second dose, compared with 18.44% (N = 372) after the first dose (Z-test
p < 0.001). In patients with diabetes, COVID-19-related hospitalization
rates were 0.1% (N = 4) after two doses, compared to 2.48% (N = 50)
after the first dose (Z-test p < 0.001). The trend was not sustained among
individuals with chronic respiratory disease, where the rates of hospi-
talization increased after the second dose — 42.46% (N = 1739) against
25.13% (N = 507) after the first dose (Z-test p < 0.001) (Table .1, Fig. 1).

The rates of infection without hospitalization were significantly
higher in patients with cardiovascular disease and chronic respiratory
disease after the second dose (X? = 131.810, p < 0.001). 25.1% of pa-
tients with cardiovascular disease (N = 1033) were infected with
COVID-19 after two doses, compared with 10.61% (N = 214) after the
first dose (Z-test p < 0.001). Likewise, 5.64% of individuals with chronic
respiratory disease (N = 232) had infections not requiring hospitaliza-
tion, compared to 0.69% of patients receiving only one dose (N = 14) (Z-
test p < 0.001). The trend was not sustained among individuals with
diabetes, where the rates of infection slightly decreased after two doses
of a COVID-19 vaccine (6%, N = 247) compared with one dose (7.98%;
N = 161), however the result was statistically significant (Z-test p <
0.001) (Table .1, Fig. 1).

3.2. Comparative effectiveness of COVID-19 vaccines

The rates of infection, hospitalization, and death did not differ
significantly among patients receiving each of the three vaccines (X* =
0.155, 0.089, 0.091, p = 0.997, 0.999 and 0.999, respectively). The rates
of death after one dose of Sinopharm vaccine were 13.51% for patients
with cardiovascular disease (N = 178), 20.425% for patients with res-
piratory disease (N = 269), and 0.683% for patients with diabetes (N =
9). The rates of death after one dose of Pfizer were 13.75% for patients
with cardiovascular disease (N = 44), 20.31% for patients with respi-
ratory disease (N = 65), and 0.625% for patients with diabetes (N = 2).
The rates of death after one dose of AstraZeneca were 13.42% among
patients with cardiovascular disease (N = 51), 20.5% among patients
with respiratory disease (N = 78), and 0.789% among patients with
diabetes (N = 3), no significant difference was found between any
pairwise comparisons of all 3 vaccines (Z-test p < 0.001) (Table .2,
Fig. 2).

The rates of infection, hospitalization, and death were identical
among patients receiving two doses of the COVID-19 vaccine (X? =

Total infections, hospitalizations, and mortality in patients with one or two doses of a COVID-19 vaccine.

Disease Complication One dose (N = 2017) Two doses (N = 4115) X2 for “Disease” X2 for “Complications”
N % N %

Cardiovascular diseases Death 273 13.53 114 2.77 476.613" 45.848"
Infected without hospitalization 214 10.61 1033 25.10
Infected with hospitalization 372 18.44 328 7.97

Respiratory diseases Death 412 20.43 411 9.99 291.263" 131.810°
Infected without hospitalization 14 0.69 232 5.64
Infected with hospitalization 507 25.14 1739 42.26

Diabetes Death 14 0.69 7 0.17 57.660" 330.981°
Infected without hospitalization 161 7.98 247 6.00
Infected with hospitalization 50 2.48 4 0.10

# Significant at p < 0.001.
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Overall Effectiveness of COVID-19 Vaccines (One vs. Two doses)
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Fig. 1. Complications in patients with different chronic diseases after receiving one or two doses of any vaccine. *Significant difference according to Z-test of
proportions at p < 0.001 level. Bonferroni correction was used for all pairwise comparisons. Differences were found between all groups except the mortality rates in

patients with diabetes.

Table 2
Comparative effectiveness of one-dose vaccination regimens.

Disease Complication Sinopharm (N =1317) Pfizer (N = 320) AstraZeneca (N = 380) X2 for “Disease” X for “Complications”
N % N % N %

Cardiovascular diseases ~ Death 178  13.53 44  13.75 51 13.39 0.012 0.077
Infected without hospitalization 139  10.56 34 10.63 41 10.76
Infected with hospitalization 243 1847 59 18.44 70  18.37

Respiratory diseases Death 269  20.44 65  20.31 78  20.47 0.020 0.007
Infected without hospitalization 9 0.68 2 0.63 3 0.79
Infected with hospitalization 331 25.15 81 2531 95 2493

Diabetes Death 9 0.68 2 0.63 3 0.79 0.172 0.101
Infected without hospitalization =~ 105  7.98 26 8.13 30 7.87
Infected with hospitalization 33 2.51 7 2.19 10 2.62

No significant differences were found between all 3 vaccines regarding the mortality or morbidity in patients with chronic diseases.

0.101, 0.007, 0.077, p = > 0.999 for all tests). In patients with cardio-
vascular disease, mortality was 2.7% after two doses of Sinopharm,
2.783% after two doses of Pfizer, and 2.79% after two doses of Astra-
Zeneca. The rates of death in patients with respiratory disease were
10.02% for Sinopharm, 9.94% for Pfizer, and 9.98% for AstraZeneca.
Mortality among patients with diabetes was 0.1518% for two doses of
Sinopharm, 0.198% for two doses of Pfizer, and 0.167% for two doses of
AstraZeneca. No significant difference was found between all 3 groups
receiving the different vaccines (Z-test p > 0.05 for all pairwise com-
parisons) (Table .3, Fig. 3).

The rates of infection were much higher after two doses of each
vaccine for patients with cardiovascular disease and respiratory disease;
for patients with diabetes, each of the three vaccines reduced slightly the
risks of symptomatic infection not requiring hospitalization (Table 3).
All three vaccines failed to reduce hospitalization in patients with res-
piratory disease — the percentage of those requiring hospitalization was
42.49% for two doses of Sinopharm, 42.147% for two doses of Pfizer,
and 42.24% after two doses of AstraZeneca, compared to the mean of
25.15% after one dose of COVID-19 vaccine (Table 3).

4. Discussion
4.1. Total effectiveness

Two doses of any COVID-19 vaccine have been proven to reduce the
rates of hospitalization and COVID-related mortality compared with one
dose. The mean percent of death with one dose was 11.55%, decreasing
to a mean of 4.31% after the second dose (Tables 2 and 3). These find-
ings are in line with other published studies [5,15,16]. Investigated the
effectiveness and safety of Pfizer’s BNT162b2 and found it was 93.4%
effective against hospitalization and 91.1% effective against mortality.
Bernal et al. (2021) estimated that administering two doses of Pfizer
vaccine in older adults reduced the odds of emergency hospital admis-
sion by 43% and the risk of death by 51% [15]. Although the numbers
vary across studies, they create a strong rationale for a two-dose vacci-
nation regimen in at-risk groups regardless of the type of COVID-19
vaccine used.

The most significant reductions were noted among patients with
cardiovascular disease, with COVID-19 mortality decreasing 4.88 times
after the second dose (Tables 2 and 3). Death rates were the lowest
among patients with diabetes and the highest among patients with
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Fig. 2. Complications in patients with different chronic diseases after receiving one doses of any of the 3 vaccines. No significant difference was found between all 3

vaccines in any pairwise comparison by Z-test of proportions.

Table 3
Comparative effectiveness of two-dose vaccination regimens.

Disease Complication Sinopharm (N = Pfizer (N = AstraZeneca (N = X2 for “Disease” X2 for “Complications”
1317) 1006) 1792)
N % N % N %
Cardiovascular diseases ~ Death 36 2.73 28 2.78 50 2.79 0.025 0.091
Infected without hospitalization 331  25.13 252 25.05 449  25.06
Infected with hospitalization 105 797 80 7.95 143 7.98
Respiratory diseases Death 132 10.02 102 10.14 179 9.99 0.084 0.089
Infected without hospitalization 74 5.62 56 5.57 101  5.64
Infected with hospitalization 557  42.29 425 4225 757  42.24
Diabetes Death 2 0.15 2 0.20 3 0.17 0.214 0.155
Infected without hospitalization 79 6.00 60 5.96 108  6.03
Infected with hospitalization 1 0.08 1 0.10 2 0.11

No significant differences were found between all 3 vaccines regarding the mortality or morbidity in patients with chronic diseases.

respiratory conditions, even after completing the two-dose regimen.
Cardiovascular disease remains one of the principal risk factors for se-
vere COVID-19 and death [14,17]. However, the exact mechanism of
severe COVID-19 in patients with underlying cardiovascular conditions
requires further analysis. Therefore, it is difficult to explain the vari-
ability of vaccine effectiveness among different at-risk groups. Accord-
ing to Sabatini et al. (2020), viral infections increase the incidence of
cardiac injury; they can also induce an immune response, releasing
pro-inflammatory cytokines that result in cardiac complications. Pa-
tients with respiratory disease and diabetes should also receive two
doses of the COVID-19 vaccine since it can reduce the risks of hospi-
talization and death [18]. In fact, two doses of Sinopharm, Pfizer, and
AstraZeneca vaccines were effective in reducing the rates of hospitali-
zation due to SARS-CoV-2 infection, compared with one dose. Similar
findings were previously reported by Botton et al. (2022), with the Pfizer
vaccine reducing hospitalization in at-risk groups by 86%. However,
while hospitalizations decreased significantly for individuals with car-
diovascular disease and diabetes, hospitalizations in patients with res-
piratory disease increased after the second dose [2]. Overall, the rates of

infection with hospitalization were 25.13% with one dose and 42.46%
with two doses of any vaccine (Tables 1-3). These results contradict the
findings by Thompson et al. (2021), who found mRNA vaccines to be at
least 90% effective against hospitalization in patients with chronic res-
piratory disorders [19]. They contradict other empirical findings [3,7-9,
15]. Yan et al. (2021) suggest that, until present, no trials have evaluated
the exact mechanism of this relationship and the efficacy of COVID-19
vaccines in this group [14]. Kandi (2021) notes variations in the im-
mune response to COVID-19 vaccines in individuals with chronic and
debilitating disorders [20]. These controversies create a room for further
experimental research in this field is needed, with an emphasis on the
pathophysiology of SARS-CoV-2 in patients with chronic respiratory
illness [20].

A notable finding is that the rates of symptomatic infections
increased after the second dose, compared with the number of infections
after the first dose (Table 1). The mean percent of infections after one
dose was 6.43%, and increased to a mean of 12.25% after the second
dose. After the second dose, infections increased most prominently in
patients with respiratory conditions; the rates of infection declined
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slightly in patients with diabetes. These findings raise questions about
the effectiveness of COVID-19 vaccines against symptomatic infection
with SARS-CoV-2. Other studies are almost unanimous in that vaccina-
tion with two doses reduces the odds of symptomatic infection or pre-
vents it [1.5,16]. In the study by Rizwan et al. (2021), only 1.55% of
respondents developed symptomatic infection after two doses of the
Sinopharm vaccine [12]. Unfortunately, studies of COVID-19 vaccine
effectiveness are few, and these findings will create the groundwork for
future research.

4.2. Comparative effectiveness

In this study, the effectiveness of three COVID-19 vaccines was
compared in relation to infection rates, hospitalization, and mortality.
Three types of vaccines were tested: mRNA vaccines (Pfizer), non-
replicating viral vector-based vaccines (AstraZeneca), and one was an
inactivated vaccine (Sinopharm). While the type, nature, and pattern of
adaptive immunity vary significantly based on vaccine type, this
research has demonstrated that each of the three vaccines had a similar
effect on the three outcome measures noted above (Figs. 2 and 3).

The rates of death, symptomatic infection, and hospitalization were
similar for each of the three vaccines in all three groups of participants.
For example, hospitalization rates in patients with cardiovascular dis-
ease after the first dose were 10.55% for Sinopharm, 10.629% for Pfizer,
and 10.79% for AstraZeneca. After the second dose, the rates of hospi-
talization in this group were 25% for Sinopharm, 25.05% for Pfizer, and
25.05% for AstraZeneca. Death among patients with respiratory condi-
tions was highest after two doses of Sinopharm (10.02%) but only
slightly higher than mortality after two doses of Pfizer (9.94%) or
AstraZeneca (9.98%). In the diabetes group, death rates were the highest
after two doses of Pfizer (0.198%), while the rates of hospitalization
were the lowest after two doses of Sinopharm (0.076%). The percent of
symptomatic infections without hospitalization was the highest in pa-
tients with the cardiovascular group, for each of the three vaccines.
Meanwhile, patients with respiratory conditions reported the most

significant increase in infection rates after two doses, compared with one
dose of each vaccine (5.6% against 0.7%, accordingly) (Figs. 2 and 3).

Studies published so far provide a complex picture of vaccine
effectiveness against COVID-19. Alqassieh et al. (2021) reported higher
1gG titers after two doses of Pfizer compared to two doses of Sinopharm,
suggesting that Pfizer could be more effective against symptomatic
COVID-19 and poor COVID-19 outcomes [6]. Bernal et al. (2021) found
Pfizer and AstraZeneca to be equally effective at preventing symptom-
atic infection and COVID-19 mortality [15]. Likewise, a large population
study by Voko et al. (2022) did not reveal any meaningful differences
between Pfizer, Sinopharm, and AstraZeneca in terms of hospitalization
and mortality in at-risk groups [21]. Similar results were reported by
Ghiasi et al. (2021). Nevertheless, future research should determine an
optimal combination of vaccines or vaccination regimens for individuals
with different underlying conditions [22].

4.2.1. Limitations

This study is subject to several limitations. First, with the design
being observational, we could not account for all confounding variables.
Because the analysis of COVID-19 vaccines is currently underway, new
and emerging findings may explain the variability of infection, hospi-
talization, and mortality rates with each of the three vaccines in each of
the three at-risk groups included in the study.

Second, this study reveals the effectiveness of three vaccines in
reducing poor COVID-19 outcomes in patients with chronic conditions.
However, the results do not allow us to evaluate the sustainability of
these effects in a long-term perspective. The growing number of pub-
lished reports suggests that the vaccine immunity for COVID-19 has a
tendency to wither over time. For example, Rosenberg et al. (2021) re-
ported that the protection from COVID-19 in older adults after two doses
of Pfizer declined from 94.8% to 88.6% over three months [8]. Longi-
tudinal studies are needed to fully assess the effectiveness of COVID-19
vaccines in at-risk adults.

Third, while the effectiveness of COVID-19 vaccines is obvious, their
safety profile requires further investigation. Multiple studies reported
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side effects and adverse events after administering COVID-19 vaccines.
Lee et al. (2021) investigated severe hyperglycemia in patients with
diabetes induced by a COVID-19 vaccine [23]. Similar findings were
reported by Mishra et al. (2021) [24]. According to Elgendy et al.
(2022), individuals experienced severe side effects after the first dose of
Sinopharm and AstraZeneca, and after the second dose of Pfizer [14].
Specifically, in the Jordanian population, mild side effects (fatigue, body
pain, soreness and swelling at the injection site, headache, muscle pain,
fever, tiredness, anorexia, sweating, dizziness, dry cough, anxiety,
shortness of breath, tachycardia, abdominal pain, sore throat, pain when
swallowing, joint pain, and nasal discharge) and no lasting longer than a
week were present in 88.9% of respondents receiving any of the three
vaccines — Pfizer, AstraZeneca, or Sinopharm. Therefore, while this
study demonstrates the efficacy of COVID-19 vaccines, decisions
regarding vaccination should be based on a thorough analysis of the
vaccines’ safety profile. The benefits of vaccination should overweigh
any possible risks, suggesting the need for more research in this field.

After the second dose, infections increased most prominently in pa-
tients with respiratory conditions; the rates of infection declined slightly
in patients with diabetes. These findings raise questions about the
effectiveness of COVID-19 vaccines against symptomatic infection with
SARS-CoV-2. The most plausible explanation for this result is that we are
comparing different groups that were subjected to different conditions,
and the symptomatic COVID-19 infection could be referred to various
factors other than the number of vaccine doses.

Ultimately, the sample was limited to Jordanian adults with chronic
conditions. Thus, the findings reported herein may not be generalized to
broader populations within and outside of Jordan. Nevertheless, they
can guide vaccination decisions and campaigns to stop the transmission
of COVID-19 within and across communities.
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