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Abstract

Background: We aimed to evaluate the effect of COVID-19 vaccines in preventing infection, hospitalization,
and mortality due to COVID-19 in Isfahan Province, Iran.

Methods: Following a retrospective cohort design, data of all vaccinated individuals since the rollout of vaccina-
tion of the general population are analyzed, Mar 2020 to Aug 13, 2021. Moreover, the data of all non-vaccinated
people were collected by the census method for this period. The two groups were compared concerning hospi-
talization and mortality using the Chi-square test. Kaplan-Meyer was also used to calculate the median interval
between receiving a vaccine and outcome (hospitalization and death).

Results: Overall, 583434 people have received a second dose of a vaccine from Mar 2020 to Aug 2021, which
74% (n=433403) was Sinopharm, 18.2% (n=106027) AstraZeneca, 3.6% (n=21216) Sputnik, and 3.9%
(n=22,788) Barekat. In contrast, 2,551,140 people living in the Isfahan Province did not receive a vaccine. The
median interval between injection of the first dose and the hospitalization for those who received Sinopharm,
AstraZeneca, Sputnik, and Barekat was 22, 61, 19, and 19 days, respectively. For unvaccinated cases, the rates of
infection, hospitalization, and mortality (per 1000 population) were 69.7, 12.1, and 1.04, respectively. In contrast,
for vaccinated individuals, these rates were 3.9, 1.08, and 0.09, two weeks after the second dose, respectively.
Conclusion: The highest and lowest reduction in relative risk was for those who received AstraZeneca and
Sputnik, respectively.
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Introduction

In the nearly two years since the pandemic began,
mass vaccination has been proposed as the most
effective way to end the pandemic (1). The estima-
tion of the percentage of the population that needs
to be vaccinated to end the pandemic varies from
one region to another and depends on the RO. For

instance, for the Wuhan variant, most of the initial
estimates range from 60% to 80% (2, 3).

The Delta variant was first identified in India in
Dec 2020 and soon spread to other countries.
With an RO of 5-8, the transmission power of this
variant is higher than the alpha variant by 60%, re-
sulting in significant increases in the number of
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new infections, hospitalization, and mortality.
Currently available vaccines are less effective
against this variant, according to the estimates (4).
Its RO is about 6, which pushes the overall popu-
lation herd immunity threshold to more than 85%
(5). The incidence of COVID-19 infection after
the breakthrough infections is a major challenge,
as none of the currently available vaccines results
in 100% protection against the disease. The first
signs of this phenomenon were observed in health
staff. A survey of 14,000 health professionals
working in the health sector of Chicago, who were
fully vaccinated, reported 22 cases of infection,
most of which were asymptomatic or with mild
symptoms (6). In another study conducted on Is-
raelian health care professionals who received the
biotech vaccine (messenger RNA platform), simi-
lar results are reported, i.e., 39 out of 1494 cases
had mild symptoms or were asymptomatic. Their
neutralization titer was lower in the pre-infection
period than controls (those without infection) (7).
In a case-control study on COVID-19 infected
cases who some of them wete vaccinated, com-
pared to those vaccinated with BNT162b2 and
ChAdOx1 wvaccines, 116 out of 119 vaccinated
people were only received the first dose. Two
weeks after receiving the first dose, the relative risk
of mortality was reduced by 69.3%. In addition,
the hospitalization rate and its duration were sig-
nificantly lower in those who only received the
first dose (8).

In a preprinted article on the massive wave of the
COVID-19 in India from Mar to Jun 2021, ac-
companied by a significant increase in the inci-
dence of infection among vaccinated populations,
genomic examination revealed that 86.69% of
cases were new Delta variants. However, only
9.8% of vaccinated cases needed hospitalization,
and the fatality rate was 0.4%, indicating the posi-
tive impact of vaccination on hospitalization and
mortality (9).

A study in Bahrain, where approximately one mil-
lion people (out of its 1.5 million population) have
received two doses of COVID-19 wvaccines,
showed that all types of vaccines (e.g., Sinopharm,
AstraZeneca, Sputnik V, and Pfizer/Biotech) have
been effective in reducing infection, Intensive
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Care Unit Hospitalization, and mortality. Mean-
while, the Sinopharm vaccine is less effective than
the Pfizer biotech, particularly in populations aged
50 yr or over and against the Delta variant (10).

In Iran, 4,833,135 confirmed COVID-19 cases
and 104716 deaths have been reported from Jan 3,
2020, to Aug 27, 2021. Moreover, as of Aug 23,
2021, 23,137,699 vaccination doses have been ad-
ministered (11), including Sinopharm, Astra-
Zeneca, Sputnik, and Barekat. Despite five courses
of surges in the number of COVID-19 cases and
high incidence and mortality in Iran, little infor-
mation is available about breakthrough infections
(infection after receiving the second dose) of vari-
ous vaccines. Negative attitudes toward vaccines,
low public trust in vaccines, and concerns about
low effectiveness and safety are barriers to achiev-
ing herd immunity (12). Therefore, increasing
public awareness through analyzing the efficacy of
various administered vaccines would be of crucial
importance. As various vaccines are available in
Iran, comparing their efficacy in preventing severe
consequences would be useful for making future
decisions regarding vaccination programs. The
Iranian healthcare system collects public health in-
formation through a system named SIB, which
also contains information on side effects, new in-
fections, hospitalization, and death due to
COVID-19. Such information would be useful for
increased transparency about the precise number
of new cases, despite being vaccinated. According
to Iran's COVID-19 vaccination program, all Ira-
nians older than 18 yr must be vaccinated by the
end of Jan 1400. Similar to many countries, in Iran,
healthcare professionals, those working at nursing
homes and mortuaries, as well as veterans, were
first immunized against COVID-19, yielding
about 1.5 million people. These groups were vac-
cinated from Mar 2020 until May 2021. Then,
those older than 60 yr (about 8 million) and those
with chronic diseases (aged 16 to 64 yr; about 4
million) were vaccinated, followed by those aged
75 and older, and 70 yr of old. Afterward, the age
groups of 65-69 yr and 60 to 64 yr were vaccinated
(13). The current study aimed to evaluate the ef-
fectiveness of COVID-19 vaccines in prevention,
hospitalization, and mortality due to COVID-19
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in Isfahan province, Iran, from the beginning of
the vaccination until Aug 15, 2021. To achieve this
goal, the efficacy of different types of vaccines was
calculated according to the hospitalization and
death outcomes in young, middle-aged, and elderly
age groups separated by the type of vaccine and
compared with unvaccinated people.

Methods

Following a retrospective cohort design, data of all
vaccinated individuals since the rollout of vaccina-
tion of the general population are analyzed, Mar
2020 to Aug 13, 2021. Moreover, the data of all
unvaccinated people were collected by the census
method for this period. All vaccinated and unvac-
cinated people were followed up until Aug 13,
2021, and data on positive PCR, hospitalization,
and death were collected.

This survey was part of a study on the vaccination
campaign in Isfahan Province, central Iran con-
firmed by the Ethics Committee of the Isfahan
University of Medical Sciences (code: IR.MUI
MED. REC.1400.345). All patients were told that
their information would be reported in the articles
and patients expressed their consent.

Data on the type of administered vaccines (i.e., Si-
nopharm, AstraZeneca, Sputnik, and Barekat), age
group (young, middle age, and elder), number of
doses (first and second), COVID-19 infection sta-
tus (infected, hospitalized, and died), hospitaliza-
tion status (discharged, died, and hospitalization
during the study period), date of injection (first
and second doses), date of hospitalization, and
death were collected. Data were extracted from
electronic records of patients (SIB system), syn-
dromic registration system of acute respiratory
diseases, and death registration system.

The quality of all data was evaluated by the Infor-
mation Technology Department of the Deputy for
Public Health Affairs of the Isfahan University of
Medical Sciences. Data analysis was administered
using SPSS version 23 (Chicago, IL, USA). Fre-
quency and percentage were used to describe
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quantitative data. The rates of infection, hospitali-
zation, and mortality were calculated for both vac-
cinated and unvaccinated people. The relative risk
(RR) of infection, hospitalization, and mortality
were estimated for the vaccinated group compared
to the unvaccinated group. The two groups were
compared concerning hospitalization and mortal-
ity using the chi-square test. Kaplan-Meyer was
also used to calculate the median interval between
vaccine administration and outcome (hospitaliza-
tion and death). Outcomes of hospitalization and
death were compared between different vaccina-
tion groups and unvaccinated people using the
log-rank test. Kaplan-Meyer was also used to cal-
culate the median interval between vaccine admin-
istration and outcome (hospitalization and death).
Statistical significance was considered when P-
value<0.05.

Results

Overall, 583434 people have received a second
dose of the vaccine from Mar 2020 to Aug 15,
2021, which 74% (n=433403) was Sinopharm,
18.2% (n=106027) AstraZeneca, 3.6% (n=21216)
Sputnik, and 3.9% (n=22,788) Barekat. In con-
trast, 2,551,140 people living in the Isfahan Prov-
ince did not receive a vaccine, who were catego-
rized as the control group. Regarding the priorities
published for COVID-19 vaccination, the elderly
is the largest vaccinated group (61% or
n=356041), except for the health staff.

The incidence of the disease was evaluated two
weeks after receiving the first dose. Out of 324196
people who received the first dose, after two
weeks, 4234 (1.3%) had a positive PCR, of which
3460 were elderly. Comparison of the incidence,
hospitalization, and death (per 1000 population),
two weeks after receiving the first dose showed
that the hospitalization and mortality were higher
among unvaccinated people than their vaccinated
counterparts by 2.6 and 4 times, respectively (Ta-
ble 1).
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Table 1: Comparison of the number and rate of infection, hospitalization, and death (per 1000 populations), two
weeks after the first dose in the whole population

Vaccine Population Infection (PCR +) Hospitalization Death

Status Number Frequency Number Frequency Number Frequency (per
(per 1000) (per 1000) 1000)

Unvaccinated 2551140 177879 69.7 30946 121 2657 1

Vaccinated  (two 324196 4234 13.1 1510 4.6 82 0.25

weeks after the

first dose)

Sinopharm 132786 2113 15.9 738 5.5 44 0.33

Sputnik v 2655 91 342 28 10.5 3 1.1

Astrazeneca 149139 1909 12.8 733 4.9 35 0.23

COVTIran Barekat 39616 121 3.1 11 0.27 0 0

The median interval between receiving a first dose
and the hospitalization was 22, 61, 19, and 19 d,
respectively, for Sinopharm, AstraZeneca, Sput-
nik, and Barekat vaccines. The comparative data
of the unvaccinated and vaccinated people sepa-
rated by the type of vaccine is provided in Table 2.
For the above mentioned period, of 2,551,140 un-
vaccinated people, 177,879 had a positive PCR
and 30,946 were hospitalized, and 2,657 died. Of
584434 vaccinated people, 2,272 had a positive
PCR, 635 were hospitalized, and 58 died. For un-
vaccinated people, rates of infection, hospitaliza-
tion, and death (per 1000 population) were 69.7,
12.1, and 1.04 for non-vaccinated people, respec-
tively; while for vaccinated people, these rates
were 3.9, 1.08, and 0.09, respectively, which shows
reduced relative risk (RR) for rates of infection,

hospitalization, and death by 94.4%, 91.7%, and
91.3% compared to unvaccinated people. The
highest and lowest reduction in RR was for those
who received AstraZeneca and Sputnik, respec-
tively, while the RR of Sinopharm was between
these two vaccines (Table 2). While only account-
ing for 4% of all administered vaccines, 28% of all
vaccine failures were for this vaccine. On the other
hand, about 18% of all administered vaccines were
AstraZeneca and had a failure rate of 3%. The me-
dian interval between receiving a second dose and
hospitalization and death in people who were fully
vaccinated is provided in Table 3 (for the Astra-
Zeneca vaccine, there should be 28 d between the
first and the second dose). Kaplan Meier curve for
the interval between both doses of Sputnik and Si-
nopharm vaccines is provided in Fig. 1.

Table 2: Comparison of the relative risk of infection, hospitalization, and death (per 1000 population), two weeks
after the second dose in the whole population

Vaccine status Population Infection Hospitalization Death
Frequency Risk re- Frequency Risk re- Frequency Risk reduc-
(Number) duction (Number) duction (Number) tion rate
rate rate
Unvaccinated 2551140 69.7 - 12.1 - 1.04 -
(177879) (309406) (2657)
Total vaccinated 583434 3.9 94 .4 1.08 91.07 0.09 91.3
(2272) (635) (58)
Sinopharm 433403 3.5 94.9 1.3 89.2 0.12 88.4
(1518) (562) (54)
Sputnik v 21216 25.6 63.2 2.8 76.2 0.18 82.6
(544) (61) @
Astrazeneca 106027 0.67 99 0.07 99.4 0 100
1) ™
COVlIran Barekat 22788 - - - -
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Table 3: The interval between receiving a second dose and hospitalization and death in fully vaccinated people, sep-
arated by the vaccine type

Vaccine Hospitalization Death
Type
Median  Standard 95%Confidence Inter- Median Standard 95%_Confidence In-
Error val Error terval
Lower Upper Lower Upper
limit limit limit
Sinopharm 45.000 1.267 42.517 47.483 46.000 2.449 41.199 50.801
Astrazeneca 19.000 1.309 16.434 21.566 - - - -
Sputnik v 50.000 968 48.102 51.898 52.000 11.500 29.460 74.540
Total 45.000 1.230 42.590 47.410 47.000 2.175 42.738 51.262
Survival Functions Survival Functions
" i o wacineype
Sputrik sinopharm
-y -
0‘0 ZUIEIJ -10'00 30‘00 SOIOO IL“.': oo 6 2‘0 -iI:l 5:3 8rC ICr'Cl

second dose to death

first dose to death

Fig. 1: Kaplan-Meyer curve for the interval between the receiving doses and death in vaccinated people

Discussion

In this study, conducted in Isfahan Province, the
outcomes of COVID-19 disease in wvaccinated
people were compared with their unvaccinated
counterparts for the period of Mar 2020 to Aug
2021 (about six months). The study outcomes in-
cluded infection, hospitalization, and mortality.
For unvaccinated people, the rates of infection,
hospitalization, and mortality (per 1000 popula-
tion) were 69.7, 12.1, and 1.04, respectively. On
the other hand, two weeks after receiving a second
dose, these rates were 3.9, 1.08, and 0.09, respec-
tively, which shows reduced RR by 94.4%, 91.7%,
and 91.3% for infection, hospitalization, and death
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in vaccinated people compared to unvaccinated
people.

During the study period, most of the vaccinated
people were elderly. The highest and lowest reduc-
tion in RR was for those who received Astra-
Zeneca and Sputnik, respectively. The findings of
the present study concerning the reduction in RR
are similar to a study conducted in Chile on inac-
tive vaccines. In their study, the efficacy of vac-
cines in infection prevention, and reducing hospi-
talization and death is reported as 65.9%, 87.5%,
and 86.3% (14). Moreover, in Brazil an efficacy of
100% was reported against severe COVID-19 in-
fection (15).
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In this study, further reduction of RR (positive
PRC) for infection can be attributed to some
problems in performing PCR tests to diagnose
asymptomatic cases or those with mild symptoms,
which translates into underestimation of new
cases. The occurrence of several surges caused
constant changes in policies related to the PCR
test. For instance, for a while, asymptomatic rela-
tives of patients were obliged to have a PCR test,
and sometimes only high-risk cases were required
to have a PCR test. In combination with the het-
erogeneity of the vaccination speed, this unstable
trend resulted in problems for estimation of re-
duced incidence of COVID-9 in vaccinated peo-
ple compared to their unvaccinated counterparts.
In addition, it can be attributed to the gradual vac-
cination strategy in Iran. According to previous
studies, the emergence of new variants, which vac-
cines may be ineffective against them, causes an
increased incidence of COVID-19 (16). For vac-
cines that are based on inactive platforms, high an-
tibody responses occur three weeks after, followed
by a gradual decline (17). In addition, the six
months’ cumulative incidence was calculated in
this study, and the speed of vaccination has been
significantly increased in recent months. Mean-
while, the incidence of COVID-19 infection
among unvaccinated cases was calculated for six
months. Hence, caution should be taken when in-
terpreting the incidence of COVID-19 infection in
vaccinated cases two weeks after receiving the sec-
ond dose. The incidence of COVID-19 infection
probably will increase in vaccinated people, and
the efficacy of vaccines would be calculated with
higher precision. Sputnik was the first adminis-
tered vaccine in Iran; hence, the period is long
enough to evaluate its efficacy. For the Sputnik
vaccine, the risks of infection, hospitalization, and
death were reduced by about 63.2, 76.2, and
82.6%, respectively. Therefore, it can be consid-
ered effective in the Isfahan Province.

For other vaccines, despite the long interval be-
tween doses, AstraZeneca has higher efficacy,
meaning lower COVID-19 infection, compared to
Sinopharm and Sputnik vaccines. Data related to
the Barakat vaccine still are incomplete, due to the
short period of its administration. For those who
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were fully vaccinated with Sinopharm, Astra-
Zeneca, and Sputnik, the median interval between
receiving a second dose and hospitalization was
45,19, and 50 days, respectively. A study on those
vaccinated using Pfizer and BioNtek reported that
the median interval between vaccination and hos-
pitalization was 39.5 (25.5-52) (18).

This study is one of the first of its kind at the pro-
vincial level in Iran. Since the beginning of the
coronavirus pandemic, Iran has faced a pervasive
crisis that engulfed the health system. Interna-
tional sanctions and some managerial shortcom-
ings have caused problems for Iran's vaccination
strategy. Furthermore, the diversity of vaccines
and their different administration intervals have
intensified problems related to the evaluation of
their efficacy. Therefore, the present study tried to
estimate the effect of vaccination on reducing the
injuries and casualties of the COVID-19 by calcu-
lating the cumulative incidence during the early
months of vaccination.

Herein, some limitations and challenges must be
considered before the application of the findings.
Firstly, data used in the present study are collected
by systems that are not primarily designed for re-
search purposes. In Iran, electronic data collection
systems are nascent and require continuous modi-
fication and development. Secondly, most vac-
cinated people were either elderly or high-risk
groups. Meanwhile, sufficient data were not avail-
able about the underlying disease(s) and demo-
graphic information (i.e., age and gender).

Conclusion

Finally yet importantly, this study shows the over-
all effect of all vaccines used so far in the preven-
tion of infection, hospitalization, and death. Due
to the rapid progression of vaccination in the last
month, a periodic repetition of such studies (e.g.,
every three months), in combination with control-
ling confounders, would provide more compre-
hensive analyses to guide health policy-makers to
make decisions regarding access to more effective
vaccines as well as the booster dose in various
population groups.
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