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Objective To investigate the incidence of coronavirus disease 2019 (COVID-19) cases, hospitalizations and deaths in Iranians vaccinated
with either AZD1222 Vaxzevria, Coviran® vaccine, SARS-CoV-2 Vaccine (Vero Cell), Inactivated (InCoV) or Sputnik V.

Methods We enrolled individuals 18 years or older receiving their first COVID-19 vaccine dose between April 2021 and January 2022 in
seven Iranian cities. Participants completed weekly follow-up surveys for 17 weeks (25 weeks for AZD1222) to report their COVID-19 status
and hospitalization. We used Cox regression models to assess risk factors for contracting COVID-19, hospitalization and death.

Findings Of 89783 participants enrolled, incidence rates per 1000 000 person-days were: 528.2 (95% confidence interval, Cl: 514.0-542.7)
for contracting COVID-19; 55.8 (95% Cl: 51.4-60.5) for hospitalization; and 4.1 (95% Cl: 3.0-5.5) for death. Compared with SARS-CoV-2
Vaccine (Vero Cell), hazard ratios (HR) for contracting COVID-19 were: 0.70 (95% Cl: 0.61—0.80) with AZD1222;0.73 (95% Cl: 0.62-0.86) with
Sputnik V; and 0.73 (95% Cl: 0.63-0.86) with Covlran®. For hospitalization and death, all vaccines provided similar protection 14 days after
the second dose. History of COVID-19 protected against contracting COVID-19 again (HR: 0.76; 95% Cl: 0.69-0.84). Diabetes and respiratory,
cardiac and renal disease were associated with higher risks of contracting COVID-19 after vaccination.

Conclusion The rates of contracting COVID-19 after vaccination were relatively high. SARS-CoV-2 Vaccine (Vero Cell) provided lower
protection against COVID-19 than other vaccines. People with comorbidities had higher risks of contracting COVID-19 and hospitalization
and should be prioritized for preventive interventions.
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Introduction

To end the ongoing global pandemic of coronavirus disease
2019 (COVID-19), it is imperative to have safe and effective
vaccines that can provide immunity against severe acute respi-
ratory syndrome coronavirus 2 (SARS-CoV-2) infection. As
of 10 June 2022, 364 vaccines against SARS-CoV-2 have been
investigated, but only 37 of them have been used in Phase III
clinical trials.!

New vaccines are developed by companies and research
centres using a broad range of techniques including viral vec-
tors, inactivated vaccines, live weakened vaccines, deoxyribo-
nucleic acid- (DNA) or ribonucleic acid- (RNA) based vaccines
and protein-based vaccines.”’ Each technique has advantages
and disadvantages. For example, viral vector vaccines trigger
robust immune responses that can result in long-term protec-
tion;* however, they may also cause serious complications, such

as immunity against the vector and coagulopathy.” Inactivated
vaccines, on the other hand, while safe for immunocompro-
mised individuals,® usually induce a much weaker immune
response than viral vector-based vaccines.’

As of 12 January 2022, the World Health Organization
(WHO) lists only nine COVID-19 vaccines that have been
deemed safe and efficacious for emergency use in national im-
munization programmes.® The approvals, however, are based
on evidence from randomized controlled clinical trials whose
samples may not necessarily be representative of the general
population. Furthermore, only interim analyses were done for
licensing purposes, the data did not allow the duration of protec-
tion to be determined and certain populations, such as pregnant
women, were excluded. Therefore, active surveillance of the vac-
cines is needed through observational studies on the incidence of
adverse events and COVID-19 cases and hospitalizations among
vaccinated individuals over a defined period of time. To conduct
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an active safety surveillance study, a proto-
col template for cohort event monitoring
studies has been released by WHO.’

To meet the need for such data in the
Islamic Republic of Iran for four COV-
ID-19 vaccines (i.e. AZD1222 Vaxzevria,
Covlran® vaccine, SARS-CoV-2 Vaccine
(Vero Cell), Inactivated (InCoV) or
Sputnik V), we used the WHO protocol
template for cohort event monitoring to
design an observational study on the in-
cidence of serious adverse events, adverse
events of special interest and COVID-19
after each vaccine dose. We also sought
to estimate the reactogenicity within
7 days of receiving each vaccine dose."
In this paper, we report the incidence
of COVID-19 cases, hospitalizations
and deaths among a vaccinated sample
of the population. It should be noted
that the objective of this study was to
determine the safety and efficiency of
each vaccine in terms of adverse events
and COVID-19 and is in no way related
to WHO emergency approval, nor does
it reflect the opinions of WHO.

Methods

In accordance with the cohort event
monitoring template developed by
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WHO, we conducted a four-arm co-
hort study in seven cities in the Islamic
Republic of Iran (Birjand, Kerman,
Mashhad, Rasht, Sanandaj, Shahroud
and Zahedan). The selection of the study
sites was based on availability of ter-
tiary care hospitals and an experienced
investigator and also on the commit-
ment of local authorities to support the
study. We invited individuals 18 years
or older who were receiving their first
dose of SARS-CoV-2 Vaccine (Vero
Cell), Inactivated (InCoV), Sputnik V,
AZD1222 Vaxzevria or Covlran® vac-
cine at a participating public vaccination
site to participate. This study is part of
a larger study,'® and here we report the
incidence of COVID-19 cases, hospital-
izations for COVID-19 and deaths due
to COVID-19 by vaccine brand. The
study methods have been fully described
previously'® and we provide a summary
as follows.

After enrolment, study staff inter-
viewed the participants and collected
their contact information and other data
on vaccine brand, vaccination date, vac-
cine batch number, demographic char-
acteristics (age, sex, years of education),
previous COVID-19 and comorbidities
(cancer, chronic cardiac, hepatic, men-

tal, neurological, respiratory and renal
diseases, diabetes, hypertension and
immunodeficiency). To assess obesity,
we also recorded self-reported weight
and height and defined obesity as a body
mass index > 30 kg/m>. We actively fol-
lowed participants until 3 months after
their last dose of COVID-19 vaccine,
if administered within 3 months of the
first dose. For those receiving SARS-
CoV-2 Vaccine (Vero Cell), Inactivated
(InCoV), Sputnik V or Covlran® vac-
cine, the expected follow-up time was
17 weeks, assuming an interval of up to
1 month between the first and second
doses. For those receiving AZD1222
Vaxzevria, given that the interval be-
tween doses is 3 months, the expected
follow-up time was 25 weeks.

During the follow-up period, par-
ticipants completed questionnaires
through telephone or web-based surveys
at weekly intervals. We also retrieved
vaccination dates and vaccine batch
numbers of the second doses from
national COVID-19 vaccination reg-
istries. The diagnosis of COVID-19
infection was based on self-reported
reverse-transcription polymerase chain
reaction (PCR) test or antibodies against
SARS-CoV-2. We also checked medical
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hospital records for unreliable responses
(i.e. if the participant did not know the
PCR results) and for patients admitted
to intensive care units.

We considered participants lost
to follow-up after two unsuccessful at-
tempts to contact them by telephone,
followed by one unsuccessful attempt to
contact their next of kin. In case of loss
to follow-up, we used data collected up
to the last follow-up time in the analyses.
We calculated the follow-up index (ra-
tio) as the: actual investigated follow-up
period/potential follow-up duration."

To factor in immunity status (time
elapsed since vaccine dose adminis-
tration), we considered the following
immunity periods: non-immune pe-
riod =first 14 days after the administra-
tion of the first dose; partial immunity
period =period between 14 days after
the first dose and 14 days after the sec-
ond dose; full immunity period = period
between 14 days after the second dose
and the end of follow-up. We calculated
incidence rates by dividing the total
number of events by total person-days
followed up, with their 95% confidence

coflran

intervals (CI), for the total sample and
by age, sex and immunity status. For the
total follow-up period, we calculated
incidence rates for events occurring 14
days after the first dose of the vaccine.

We used Cox proportional hazard
regression models for survival analysis,
with calendar time as the timescale
and stratified by study sites to estimate
the adjusted hazard ratios (HRs) for
COVID-19 infection. We first used a
univariate model with age, sex, educa-
tion, vaccine brand, prior COVID-19
and comorbidities as covariates, and
we only entered variables significant at
P<0.11nto the final stepwise Cox regres-
sion models.

Ethical considerations

The Institutional Review Board of Shah-
roud University of Medical Sciences,
Islamic Republic of Iran (IR.SHMU.
REC.1400.012) approved the study
protocol, and we conducted all proce-
dures in accordance with the Helsinki
Declaration. Study participation was
voluntary and all participants gave their
written informed consent after trained
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staff had explained the study objectives
and procedures and had answered par-
ticipants’ questions.

Results

Between 7 April 2021 and 22 Janu-
ary 2022, we enrolled 89 783 par-
ticipants in the study (Fig. 1). Table 1
presents the distribution of participants
by vaccine brand and vaccination status,
demographic characteristics, underly-
ing diseases and follow-up status. The
follow-up index was more than 98% for
all vaccines.

The incidence rate of COVID-19
cases was 528.2 (95% CI: 514.0-542.7)
per 1000000 person-days. For hospi-
talizations and deaths incidence rates
were 55.8 (95% CI: 51.4-60.5) and 4.1
(95% CI: 3.0-5.5) cases per 1000000
person-days, respectively. Table 2 shows
these rates for the different vaccine
brands by sex, age and immunity sta-
tus. Among the vaccine brands, the
SARS-CoV-2 Vaccine (Vero Cell),
Inactivated (InCoV) had the highest
rates of COVID-19 cases, hospitaliza-

Fig. 1. Daily enrolments in the study by vaccine brand and COVID-19 cases admitted to hospital, Islamic Republic of Iran,

21 March 2021-2 May 2022

2000
1800
1600
1400 —
1200
1000 —

800

Enrolments and COVID-19 cases admitted to hospital, no.

2001
0 M LW LA TS

600 R
400 - i.'"‘ AL ;1ﬁ_ B
AN AL bl i R 1
: L] |'

] /

|
21Mar 21Apr 21 May

Admitted cases  — SputnikV

Covlran® vaccine

COVID-19: coronavirus disease 2019.

476

I
21 Jun 21l

AN
21 Aug
2021

25p 210t 21 Nov

Date

--- SARS-CoV-2 Vaccine (Vero Cell), Inactivated (InCoV)

&WMI\V}MAM |

21 Dec

T T T
21Feb 21Mar 21 Apr

2022

T
21Jan

— AZD1222 Vaxzevria

Bull World Health Organ 2022;100:474-483| doi: http://dx.doi.org/10.2471/BLT.22.288073



Ali Hosseinzadeh et al.

tions and deaths. Participants 50 years
and older had significantly higher rates
of hospitalization and death compared
with those younger than 50 years regard-
less of vaccine brand. In addition, with
all vaccine brands, both hospitalization
and death rates were significantly higher
during the partial immunity period than
the full immunity period.

The results of Cox proportional
hazard regression for COVID-19 in-
fection are shown in Table 3. Sputnik
V and AZD1222 Vaxzevria provided
significantly greater protection than
the SARS-CoV-2 Vaccine (Vero Cell),
Inactivated (InCoV) during the partial
immunity period. In the full immunity
period, the SARS-CoV-2 Vaccine (Vero
Cell), Inactivated (InCoV) provided
lower protection than the other three
vaccines. History of COVID-19 signifi-
cantly reduced the risk of reinfection,
and most underlying diseases signifi-
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cantly increased the risk of COVID-19,
including chronic neurological disor-
ders and mental health disorders.

Table 4 shows the Cox propor-
tional hazard regression for COVID-19
hospitalization. In the partial immu-
nity period, AZD1222 Vaxzevria had
significantly better effectiveness than
the SARS-CoV-2 Vaccine (Vero Cell),
Inactivated (InCoV), while in the full
immunity period, no significant dif-
ferences were found between vaccine
brands. History of COVID-19 reduced
the risk of hospitalization only in the
partial immunity period. Most underly-
ing diseases significantly increased the
risk of COVID-19 hospitalization in the
partial immunity period.

A total of 42 COVID-19-related
deaths were registered; 17 (40.5%) oc-
curred during the full immunity period
(more than 14 days after administering
the second dose). As such, the incidence

of COVID-19 deaths per 1 000 000
person-days was 4.1 (95% CI: 3.0-5.5)
overall (14 days after the first dose of
vaccine till the end of follow-up) and
3.0 (95% CI: 1.9-4.8) during the full
immunity period. The HR in the Cox
regression model for COVID-19 death
was not significantly different by vaccine
brand in the full immunity period, but
AZD1222 Vaxzevria provided better
protection from death in the partial im-
munity period. Age (HR: 1.11; 95% CI:
1.04-1.17) and chronic renal diseases
(HR: 5.13; 95% CI: 1.15-22.93) were
associated with significantly higher risk
of death (Table 5).

Discussion

Although vaccines provide adequate
protection against SARS-CoV-2, their
effectiveness never reaches 100%, and
this protection is expected to further de-

Table 1. Characteristics of study participants by vaccine brand, Islamic Republic of Iran, 2021

Variable SARS-CoV-2 Vaccine (Vero Cell), Sputnik V AZD1222 Vaxzevria Covlran® vaccine
Inactivated (InCoV)
Total, no. (%) 31690 (35.3) 20195 (22.5) 23780 (26.5) 14118 (15.7)
Enrolment start date 17 Apr 2021 7 Apr 2021 21 Apr 2021 5 Jul 2021
Date of completion of vaccination®
First quartile 15 Aug 2021 1 Nov 2021 5Sep 2021 12 Sep 2021
Second quartile 4 Sep 2021 8 Nov 2021 4 Nov 2021 13 Oct 2021
Third quartile 25 Sep 2021 22 Nov 2021 16 Dec 2021 16 Nov 2021
Received second dose, no. (%) 30228 (95.4) 17701 (87.7) 21379 (89.9) 12499 (88.5)
Received third dose, no. (%) 490 (1.5) 105 (0.52) 22(0.1) 64 (0.5)
Age in years, mean (SD) 53.3(16.0) 344(11.1) 456 (18.3) 42.8(13.2)
Males, no. (%) 15535 (49.0) 11129 (55.1) 12923 (54.3) 7411 (52.5)
Education in years, mean (SD) 109 (5.4) 13.3(3.5) 123 (5.2) 12.1(43)
Medical history, no. (%)
Prior COVID-19 infection (self- 7062 (22.3) 8549 (42.3) 6100 (25.7) 4205 (29.8)
reported)
Obesity 3738(11.8) 2158 (10.7) 2576 (10.8) 1384 (9.8)
Diabetes 4275 (13.5) 339(1.7) 1981 (8.3) 981 (7.0)
Hypertension 5993 (18.9) 526 (2.6) 2988 (12.6) 1136 (8.1)
Chronic cardiac diseases 2962 (9.4) 242 (1.2) 1499 (6.3) 515(3.7)
Cancer 1007 (3.2) 19(0.1) 75(0.3) 30(0.2)
Chronic respiratory diseases 861 (2.7) 188 (0.9) 446 (1.9) 230 (1.6)
Chronic renal diseases 601 (1.9) 64 (0.3) 255 (1.1) 128 (0.9)
Chronic hepatic diseases 260 (0.8) 52(0.3) 139 (0.6) 82(0.6)
Chronic neurological diseases 402 (1.3) 79 (04) 193 (0.8) 156 (1.1)
Mental health disorders 146 (0.5) 30(0.2) 107 (0.5) 55(0.4)
Immunodeficiency 64 (0.2) 19(0.1) 30(0.1) 12(0.1)
Follow-up index, %" 08.4 98.6 99.4 98.6

COVID-19: coronavirus disease 2019; SD: standard deviation.

@ The first quartile date is when a quarter of the participants received their second dose of vaccine; the second quartile date is when half of the participants received

their second dose of vaccine; the third quartile date is when three quarters of the participants received their second dose of vaccine.
® We calculated the follow-up index (ratio) as the: actual investigated follow-up period/potential follow-up duration."
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cline as immunity wanes over time and
new virus strains emerge.'? In fact, all
COVID-19 vaccines have waning pro-
tection. However, vaccinated individu-
als who do become infected experience
less severe symptoms and have much
lower risk of hospitalization and death
compared with unvaccinated people
with similar risk factors."” The results of
our study showed overall breakthrough
rates of 528.2,55.8 and 4.1 per 1 000 000
person-days for COVID-19 cases, hos-
pitalizations and deaths, respectively.
The main determinants of break-
through rates were: time since vaccina-
tion; the genetic variant of SARS-CoV-2;
comorbidities; age; waning immunity;
level of community adherence to mitiga-
tion strategies; and epidemic severity."
Therefore, it would be difficult to draw
valid comparisons of breakthrough
rates with other studies. For example,
in Washington state in the United
States of America, the rate of break-
through infection among over 5 mil-

lion fully vaccinated people increased
from 1 per 5000 between 17 January
and 21 August 2021, to 589 per 5000
between 17 January and 14 May 2022."
In addition, the comparison of different
vaccine brands in our study is mislead-
ing because the participants entered the
study at different calendar times when
the severity stage of the epidemic and
the dominant variant were different. A
higher rate of breakthrough infection
has been reported for delta variants of
SARS-CoV-2." The incidence of CO-
VID-19 cases in fully vaccinated people
was about 100 cases per 100 000 popula-
tion in the United States during August
to late November 2021 when the delta
variant was the main variant.”” The in-
cidence of deaths related to COVID-19
was 0.38 per 100000 among the same
group and over the same time. In ad-
dition, during the week of 1 May 2021,
the median number of incident cases of
COVID-19 in New York State among the
vaccinated population was 2.4 cases per
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100000 person-days (range 0.7 to 6.8).
Rates increased after the delta variant
became the most prevalent circulat-
ing variant and reached 16.4 cases per
100000 person-days (range 8.3 to 27.9)
among vaccinated people.'®

In our study, with 17 registered
deaths (0.028% of admitted patients),
the mortality rate in fully vaccinated
people was 3.0 per 1000000 person-
days; this rate is much higher than the
rate reported in Massachusetts in the
United States (0.01%)" but lower than
Minnesota (0.032%)." Differences in
age and COVID-19 epidemic patterns,
virus variants, vaccine effectiveness
and health-care utilization are the main
reasons for differences between results
and these factors should be noted when
comparing study results.

The lower incidence rates of CO-
VID-19 hospitalization and death in the
full immunity period compared with the
partial immunity period in our study
are consistent with previous reports

Table 2. Incidence of COVID-19 infection, hospitalization and death by vaccine brand in the total sample and by subgroup, Islamic

Republic of Iran, 2021

Outcome variable

Incidence, cases per 1000 000 person-days (95% Cl)

SARS-CoV-2 Vaccine (Vero Cell),

Inactivated (InCoV)

Sputnik V

AZD1222 Vaxzevria

Covlran® vaccine

COVID-19 case

Total

Males

Females

18-49 years

>50 years

Partial immunity?

Full immunity®

COVID-19 hospitalization
Total

613.3 (586.4-641.5)
595.8 (558.3-635.9)
630.2 (592.2-670.6)
561.6 (522.9-603.2)
652.8 (616.1-691.7)
870.6 (816.4-928.5)
478.7 (449.5-509.7)

98.4 (88.1-109.8)

-142. 7)
8.1)

89)

(
Males 98.4 (84.0-115.1)
Females 984 (84.3-114.8)
18-49 years 632(5 3- 778)
>50 years 1253 (11
Partial immunity? 1532 (13
Full immunity® 694(590 81. )
COVID-19 death
Total 7.7 (52-11.5)
Males 9.5 (5.7-15.7)
Females 6.1(33-113)
18-49 years 1.4 (04— 57)
> 50 years 26(
Partial immunity? 6(68 200)
Full immunity® 7032

00)

328.5 (304.2-354.6)
2804 (250.7-313.6)
387.2 (348.5-430.2)
330.5 (305.2-358.0)
305.6 (231.6-403.2)
307.5(271.0-349.0)
342.0(310.6-376.6)

21.8(16.2-29.3)
26.2 (18.2-37.7)
165(99 27.3)

8(12.7-25.1 )
664(368 9.9)
378(265 54.1 )

4(6.8-19.3)

05(0.1-3.5)
09(0.1-6.4)
0.0

0
6.0 (0.9-42.7)
1.3(0.2-8.9)
0.0

5954 (570.2-621.7)
536.5 (504.3-570.7)
665.1 (626.1-706.6)
668.3 (635.2-703.1)
4624 (425.8-502.1)
537.7 (506.7-570.7)
676.7 (635.4-720.7)

40.1 (30.0-47.2)
38.1(30.3-47.8)
424 (33.5-53.6)
24.9(19.3-32.2)
67.9 (54.9-83.8)

8(42.9-62.6)
23.8(17.2-33.0)

2.0

456.3 (421.9-493.5)
463.7 (416.6-616.2)
448.2 (399.6-502.6)
4335 (393.8-477.2)
509.5 (445.1-583.3)
639.0 (574.4-710.9)
341.7 (304.4-383.5)

475 (37.4-60.3
47.2 (33.9-65.7
47.8 (33.8-67.6
29.5 (20.5-424

(

(

(1

89.0 (64.7-122.3)

76.5 (56.5-103.5)

29.0 (19.6-42.9)
35(1.5-85)
4.0(1.3-125)
4.0(1.3-125)

0

11.6 (4.9-28.0)
54(1.8-16.9)
23(0.6-9.3)

Cl: confidence interval; COVID-19: coronavirus disease 2019.
¢ Defined as the period between the 14th day after the first dose and 14 days after the second dose.
® Defined as the period between the 14th day after the second dose and the end of follow-up.
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on the effectiveness of COVID-19 vac-
cines. For example, analysis of National
Immunization Management Service
and the Coronavirus Clinical Informa-
tion Network in the United Kingdom
of Great Britain and Northern Ireland
showed that out of 40 000 patients with
COVID-19 who were admitted to hos-
pital, 84% had not been vaccinated, 13%
had only received their first vaccine dose
and 3% had received both doses.”** It
should be noted that participants in our
study were enrolled at different times on
the epidemic curve. For example, the
SARS-CoV-2 Vaccine (Vero Cell), In-
activated (InCoV) became available just
before the onset of the fifth COVID-19
wave, while CovIran® vaccine and SARS-
CoV-2 Vaccine (Vero Cell), Inactivated
(InCoV) were the main brands used
in the vaccination programme when
COVID-19 incidence was at its peak
in July 2021. Therefore, the occurrence
of COVID-19 cases was affected by the
time of entry of participants into the
study. In addition, vaccines may lose
their effectiveness over time as newer
strains of the virus emerge. Even the age
groups and comorbidities of participants
varied by vaccine brands, and since the
risk of infection differs by age and co-
morbidity, we cannot simply compare
the incidence rates by vaccine brand.
Thus, we used Cox regression analysis to
adjust for important covariates and used
calendar time as the time span.

Based on the results of the Cox
regression analysis, AZD1222 Vaxzevria
was most effective at preventing CO-
VID-19 cases, hospitalizations and
deaths, while the SARS-CoV-2 Vaccine
(Vero Cell), Inactivated (InCoV) had
the lowest effectiveness, especially in
the partial immunity period. A simi-
lar finding was recently reported in a
large study conducted in the Islamic
Republic of Iran.”? The results suggest
that vector-based vaccines (Sputnik V
and AZD1222 Vaxzevria) had better
effectiveness than inactivated vaccines
(SARS-CoV-2 Vaccine (Vero Cell), Inac-
tivated (InCoV) and CovIran® vaccine).

The Cox regression models showed
that individuals with chronic respira-
tory, renal and cardiac diseases, dia-
betes and obesity were at a higher risk
of COVID-19 hospitalization, and a
previous history of COVID-19 reduced
this risk to less than half. Similar as-
sociations have been reported in other
studies.”>** A study has shown that prior
SARS-CoV-2 infection significantly
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Table 3. Variables associated with COVID-19 cases: Cox regression analysis, Islamic

Republic of Iran, 2021
Independent variable HR (95% Cl)
Partial immunity Full immunity
period® period®
Age, years 1.00 (0.99-1.00) 1.00 (0.99-1.01)
Female sex 1.17 (1.08-1.27) 1.22 (1.13-1.32)

Education, years
Vaccine brand

SARS-CoV-2 Vaccine (Vero Cell), Inactivated
(InCoV)

Sputnik V

AZD1222 Vaxzevria

Covlran® vaccine

Prior COVID-19 infection
Chronic respiratory diseases
Chronic renal diseases
Chronic neurological diseases
Diabetes

Chronic cardiac diseases
Mental health disorders

1.02 (1.01-1.03)

Reference

0.66 (0.55-0.80)
0.74 (O 67-0. 82)
0.93 (0.81-1.07)
0.56 (O 50-0. 64)
1.28 (1.01-1.63)
1.33(0.98-1.81)
1.44 (1.05-1.98)
1.12 (0.99-1.27)
NAS
1.82(1.13-2.95)

1.05 (1.04-1.06)

Reference

0.73 (O 62-0.86)
0.70 (0.61-0.80)
0.73 (O 63-0.86
0.76 (0.69-0.84
1.34(1.03-1.75
149 (1.07-2.07
NAS
1.17.(1.01-1.37)
1.25(1.05-1.48)
NAS

)
)
)
)

Cl: confidence interval; COVID-19: coronavirus disease 2019; HR: hazard ratio; NA: not applicable.

¢ Defined as the period between the 14th day after the first dose and 14 days after the second dose.
b Defined as the period between the 14th day after the second dose and the end of follow-up.

¢ Not entered in the final stepwise Cox regression models as P> 0.1 in the univariate analysis.

Table 4. Variables associated with COVID-19 hospitalization: Cox regression analysis,

Islamic Republic of Iran, 2021

Independent variable HR (95% CI)
Partial immunity Full immunity
period? period®
Age, years 1.03 (1.02-1.04) 1.03 (1.02-1.04)
Female sex 1.02 (0.82-1.26) 0.98 (0.74-1.28)

Education, years
Vaccine brand

SARS-CoV-2 Vaccine (Vero Cell), Inactivated
(InCoV)

Sputnik V

AZD1222 Vaxzevria

Covlran® vaccine

Prior COVID-19 infection
Chronic respiratory diseases
Chronic renal diseases
Chronic cardiac diseases
Diabetes

Obesity

1.02 (0.997-1.047)

Reference

0.62 (0.38-1.00)
047(036 06)

91 (0.62-1.32)
042(029 062)

96 (1.21-3.19)
205(1 14-3.68)
1.38 (1.00-1.92)
1.63(1.23-2.16)
1.60 (1.22-2.11)

1.02 (0.99-1.05)

Reference
86 (0.46-1.59)
71 (0.48-1.08)
16 (0.73-1.84)
66 (0.44-1.00)
NA®
2.52(1.33-4.80)
NA®
1.75(1.25-2.44)
NA®

Cl: confidence interval; COVID-19: coronavirus disease 2019; HR: hazard ratio; NA: not applicable.

¢ Defined as the period between the 14th day after the first dose and 14 days after the second dose.
b Defined as the period between the 14th day after the second dose and the end of follow-up.

¢ Not entered in the final stepwise Cox regression models as P> 0.1 in the univariate analysis.

reduces the risk of breakthrough infec-
tion.” Another factor associated with
COVID-19 hospitalization was obesity.
This outcome is most likely because
obesity impairs immunity by altering the
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response of cytokines which increases
susceptibility to infection, especially
infections that require a rapid cellular
immune response.”>”” In addition, obe-
sity is linked to metabolic disorders and
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Table 5. Variables associated with death due to COVID-19: Cox regression analysis,

Islamic Republic of Iran, 2021

Independent variable HR (95% CI)
Partial immunity Full immunity
period® period®
Age, years 1.06 (1.01-1.11) 1.11(1.04-1.17)
Female sex 0.59 (0.25-1.37) 0.88 (0.33-2.38)

Education, years
Vaccine brand

SARS-CoV-2 Vaccine (Vero Cell), Inactivated
(InCoV)

Sputnik V

AZD1222 Vaxzevria
Covlran® vaccine
Chronic renal diseases

0.98 (0.90-1.07) 0.98 (0.88-1.09)

Reference Reference
1.18(0.11-13.01) NAC
0.32(0.13-0.83) 0.56 (0.12 - 2.64)
0.97 (0.25-3.74) 2.89 (043 - 19.44)

NAd 5.13(1.15-22.93)

Cl: confidence interval; COVID-19: coronavirus disease 2019; HR: hazard ratio in multiple Cox regression

model.

¢ Defined as the period between the 14th day after the first dose and 14 days after the second dose.
® Defined as the period between the 14th day after the second dose and the end of follow-up.

¢ No deaths occurred.

4 Not entered in the final stepwise Cox regression models as P> 0.1 in the univariate analysis.

other critical diseases such as diabetes,
hypertension, and cardiac and cere-
brovascular diseases. Obesity and its
related comorbidities have been shown
to increase the cumulative risk of death
in COVID-19 patients.??® Similar to
our findings, other studies confirmed
the association of chronic neurological
and mental diseases with contracting
COVID-19.” Higher vulnerability to
SARS-CoV-2 infection of participants
with mental diseases may be attributed
to their lower cooperation with preven-
tive measures, which may also be true
for people with dementia and Parkin-
son disease. However, more studies are

needed to determine the exact reasons
for the association between mental and
neurological diseases and SARS-CoV-2
infection.”

The main strengths of our study
include its large sample size, the in-
vestigation and comparison of four
vaccines, the active surveillance that
was conducted, weekly follow-up of
participants, and investigation and clas-
sification of all hospitalized participants.
However, we could not determine virus
variants and included no control group
for investigating vaccine effectiveness,
which can be considered limitations of
our study.

Ali Hosseinzadeh et al.

In conclusion, COVID-19 break-
through rates were relatively high in
our study. AZD1222 Vaxzevria vaccine
provided better protection from CO-
VID-19 infection, hospitalization and
death than the other three vaccines.
All the vaccines had similar protection
against COVID-19 hospitalization 14
days after the second dose. People with
comorbidities had higher risk of con-
tracting COVID-19 and hospitalization
and should be prioritized for preventive
interventions. ll
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Résumé

Cas, hospitalisations et décés liés a la COVID-19 apres la vaccination: étude de cohorte portant sur la surveillance des

événements en République islamique d'Iran

Objectif Analyser l'incidence des cas, hospitalisations et déces liés a la
maladie a coronavirus 2019 (COVID-19) chez les Iraniens vaccinés avec
Vaxzevria AZD1222, Coviran®, le vaccin contre le SARS-CoV-2 (cellule
Vero), le vaccin inactivé (InCoV) ou Spoutnik V.

Méthodes Nous avons recruté des individus de minimum 18 ans ayant
recu leur premiére dose de vaccin contre la COVID-19 entre avril 2021 et
janvier 2022 dans sept villes iraniennes. Les participants ont rempli des
enquétes de suivi hebdomadaires pendant 17 semaines (25 semaines
pour AZD1222) afin de communiquer sur leur statut COVID-19 et
leur hospitalisation. Nous avons utilisé des modeles de régression de
Cox pour évaluer les facteurs augmentant les risques de contracter la
COVID-19, d'étre hospitalisé et de mourir.

Résultats Sur 89 783 participants recrutés, le taux d'incidence pour 1
000000 jours-personnes était de 528,2 (intervalle de confiance de 95%,
IC:514,0-542,7) en termes d'infection ala COVID-19; de 55,8 (IC de 95%:
51,4-60,5) entermes d'hospitalisation; et de 4,1 (IC de 95%: 3,0-5,5) en

termes de décés. Comparé au vaccin contre le SARS-CoV-2 (cellule Vero),
le rapport de risque (RR) de contracter la COVID-19 s'élevait a 0,70 (IC
de 95%: 0,61-0,80) avec AZD1222; a 0,73 (IC de 95%: 0,62—-0,86) avec
Spoutnik V; et a 0,73 (IC de 95%: 0,63-0,86) avec Covlran®. Concernant
I'hospitalisation et le décés, tous les vaccins offraient un niveau de
protection similaire 14 jours apres la seconde dose. Avoir contracté la
COVID-19 par le passé prémunissait contre une réinfection (RR: 0,76; IC
de 95%: 0,69-0,84). Le diabete et les maladies respiratoires, cardiaques
et rénales entralnaient un risque accru de contracter la COVID-19 apres
la vaccination.

Conclusion Le taux d'infection a la COVID-19 aprés la vaccination
était relativement élevé. D'autre part, le vaccin contre le SARS-CoV-2
(cellule Vero) s'est révélé moins efficace que les autres vaccins. Enfin,
les personnes souffrant de comorbidités avaient plus de risques de
contracter la COVID-19 et d'étre hospitalisées; elles devraient donc étre
prioritaires lors des interventions préventives.

Pesiome

Cnyyawm 3apaxeHusa COVID-19, rocnutanusauunm n cmepTu nocne BakLHaLmmn: KOropTHoe nccnegoBaHume

MOHUTOpUHra cobbiTuin, Ucnamckas Pecny6nuka UpaH

LUenb V3yunTb ypoBeHb 3a001eBaeMOCTH KOPOHaBUPYCHOMN
nHobekumert 2019 ropa (COVID-19), cryyan rocnmtanisaumm 1 cmMepTu
cpeav MpaHLEeB, BaKLMHMPOBaHHbIX BakLmHOW AZD1222 Vaxzevria,
Covlran®, SARS-CoV-2 (Vero Cell), MHaKTMBMPOBAHHOM
BakUMHoM (INCoV) nnu BakumHom Sputnik V.

MeTtopabl ABTOPbI BKIIOUMIV B UCCNIELOBAHME YYACTHMKOB B BO3pacTe
OT 18 neT, NoNyUMBLLMX NEPBYIO 03y BaKUMHbLI NpoTtus COVID-19
B nepuog c anpenda 2021 1. no aHeapb 2022 1. B CeMU MPAHCKNX

ropofax. Y4aCTHMKIN NPOXOAWNV exeHedeNbHble nocneayoLine
obcnefoBaHva B TeveHne 17 Hegenb (25 Hepenb ana AZD1222)
1 cooblann o csoem coctosaHum COVID-19 1 rocnutanmsaumm.
ABTOpPbI MCMOMb30BaNW MOAeNu perpeccumn Kokca ana oueHKn
bakTopoB pricka 3apaxeHus COVID-19, rocnutanvsaumm n cMepTu.
Pesynbtathbl 113 89 783 BKNOUEHHbIX YYaCTHUKOB MOKa3aTtenu
3abonesaemoctnt Ha 1 000 000 yenoBeko-gHENV COCTaBUN:
528,2 (95%-11 IV 514,0-542,7) ona cnydaes 3apaxerusa COVID-19;
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55,8 (95%-1 IN:51,4-60,5) anda cnyyaes rocnutanmsaumm; 4,1 (959%-
[V1:3,0-5,5) ana cnyyaes cmepTu. 1o cpaBHeHmIo € BakLmHoM SARS-
CoV-2 (Vero Cell) koadpduumenTsl pucka (HR) ana 3apaxerua
COVID-19 6binn cnegytowmmu: 0,70 (95%-in AW: 0,61-0,80) ans
AZD1222;0,73 (95%-1n I: 0,62-0,86) ans Sputnik V; 0,73 (95%-1 [N
0,63-0,86) ona Coviran®. B oTHOWeEHMM ClyyaeB rocnunTanm3aumnm un
CMepTen BCe BaKUMHbI 0becrneunBani OAMHaKOBYIO 3alUUTY Yepes
14 nHe Nocne BBEAEHNA BTOPOW A03bl. Hanuume BakLmHbI NpoTVB
COVID-19 3awmuiaeT ot nosTopHoro 3apaxeHud COVID-19 (HR: 0,76,
95%-11 [11:0,69-0,84). lnabeT, a Takke pecnmpaTopHble, CepaeUHble

Ali Hosseinzadeh et al.

1 noyeyHble 3ab6oneBaHA Obinn CBA3aHbI C bonee BbICOKMM PUCKOM
3apaxeHna COVID-19 nocne BakuUmHaUMN.

BbiBog, YpoBeHb 3aparkerina COVID-19 nocne BakuMHaLmW Obif
OTHOCUTENBHO BbICOKMM. BakumHa npotne SARS-CoV-2 (Vero Cell)
obecneuviBaeT bonee Hu3kyto 3awmty ot COVID-19, yem apyrvie
BaKUVHbI. JTioay ¢ conyTCTBYIOWMMY 3a6051€BaHKAMMN UMen bonee
BbICOKMI purcK 3apaxeHna COVID-19 1 rocnutanvsaumy, nostomy
NpodUNaKTUUeCcKme BMeLlaTeNnbCTaa 1A HUX CleayeT OCYLLeCTBATL
B NMPVIOPUTETHOM NOPAAKE.

Resumen

Casos, hospitalizaciones y muertes por la COVID-19 tras la vacunacion: un estudio de cohortes sobre el sequimiento de eventos

en la Repiiblica Islamica de Iran

Objetivo Analizarlaincidencia de los casos, hospitalizaciones y muertes
a causa de la enfermedad por coronavirus de 2019 (COVID-19) en los
iranies vacunados con Vaxzevria AZD1222, lavacuna Covlran®, la vacuna
contra el SARS-CoV-2 (célula Vero), la vacuna inactivada (InCoV) o la
Sputnik V.

Métodos Se inscribieron personas de 18 afios 0 més que recibieron
su primera dosis de la vacuna contra la COVID-19 entre abril de 2021y
enero de 2022 en siete ciudades iranfes. Los participantes completaron
encuestas de seguimiento semanales durante 17 semanas (25 semanas
para AZD1222) para informar sobre su estado de la COVID-19 y la
hospitalizacién. Se utilizaron modelos de regresion de Cox para valorar
los factores de riesgo de contraer la COVID-19, de ser hospitalizado y
de morir.

Resultados De los 89 783 participantes inscritos, las tasas de incidencia
por 1000 000 de dias-persona fueron 528,2 (intervalo de confianza del
95 %, IC: 514,0-542,7) en el caso de contraer la COVID-19; 55,8 (IC del
95 %: 51,4-60,5) en el caso de hospitalizacion; y 4,1 (IC del 95 %: 3,0-

5,5) en el caso de muerte. En comparacion con la vacuna contra el
SARS-CoV-2 (célula Vero), los cocientes de riesgos instantaneos (CRI)
de contraer la COVID-19 fueron 0,70 (IC 95 %: 0,61-0,80) con AZD1222;
0,73 (IC 95 %: 0,62-0,86) con Sputnik V; y 0,73 (IC 95 %: 0,63-0,86) con
Covlran®. En cuanto a la hospitalizacion y la muerte, todas las vacunas
proporcionaron una proteccién similar 14 dias después de la sequnda
dosis. Los antecedentes de la COVID-19 protegieron contra la contraccion
dela COVID-19 de nuevo (CRI: 0,76;1C 95 %: 0,69-0,84). La diabetes y las
enfermedades respiratorias, cardiacas y renales se asociaron a un mayor
riesgo de contraer la COVID-19 después de la vacunacion.
Conclusién Las tasas de contraer la COVID-19 después de la vacunacion
fueron relativamente altas. La vacuna contra el SARS-CoV-2 (célula
Vero) proporcioné una menor proteccién contra la COVID-19 que otras
vacunas. Las personas con comorbilidades tenian un mayor riesgo de
contraer la COVID-19 y de ser hospitalizadas, por lo que deberian ser
prioritarias para las intervenciones preventivas.
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