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Background: Real-world studies showed varying levels of effectiveness of CoronaVac vaccine against
COVID-19 disease. This study aimed to assess the association between the vaccination with CoronaVac
and the COVID-19 infections among the health care workers in a university hospital and to determine
the vaccine effectiveness against COVID-19 in a period when alpha variant was dominant.

Methods: This retrospective cohort study was conducted in a university hospital in Istanbul, Turkey
employs 4067 health care workers. The follow-up period was defined as starting 14 days after receiving
the second dose for fully vaccinated group. Health care workers were censored when have a positive PCR
test result or at the end of the study. Unvaccinated health care workers were censored if they receive any
COVID-19 vaccine doses. The incidence rate ratio and Cox regression were used to estimate the unad-
justed and adjusted effectiveness of the vaccine.

Findings: Seventy-one percent of the health care workers were fully vaccinated whereas 29% percent
did not receive any doses. The incidence rate of SARS-CoV-2 infection was 133.7 vs 70.7 per 100.000
person-days in the unvaccinated and fully vaccinated groups, respectively. The unadjusted effectiveness
against COVID-19 infection was 47% (95% CI 31-59%) whereas adjusted effectiveness was 39% (95% CI 20—
64%).

Interpretation: This real life study conducted in health care workers demonstrated that the effective-
ness of two doses of the CoronaVac vaccine (39%) was lower than that determined in clinical trials.
Due to reduce in protection over time or against variants, booster doses may be needed.

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

The CoronaVac is an inactivated virus Coronavirus disease 2019
(COVID-19) vaccine developed by the Sinovac Biotech company.
The Phase III clinical trials were conducted in different countries,
including Brazil and Turkey, and showed efficacy at preventing
symptomatic infections ranges between 50-7% and 83.5%.[1,2] On
13 January 2021, the vaccine was given Emergency Use Authoriza-
tion by the Turkish Medicines and Medical Devices Agency, and
immediately health care workers (HCW) were eligible for vaccina-
tion.|3,4] The vaccine was listed for Emergency Use Listing by the
World Health Organization (WHO) on 1 June 2021.[5]
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Real-world studies in different countries have shown varying
levels of effectiveness of CoronaVac against symptomatic COVID-
19, hospitalization, and mortality. In a study conducted in Serrana
(Brazil), where 75% of the adult population was vaccinated, the
results showed that symptomatic cases fell by 80%, admissions
by 86%, and deaths by 95%.[6] A study in Chile presented that
the adjusted effectiveness of CoronaVac among fully immunized
(more than 14 days after the second dose) persons was 65.9% for
COVID-19, 87.5% for admissions, and 86.3% for death.[7] Another
study in Jakarta (Indonesia) monitored HCWs vaccinated with Cor-
onaVac and found the effectiveness of vaccine against symp-
tomatic disease was 94%.[8] Since mid-December 2020, several
variants of the virus have been identified and these variants
affected the effectiveness of the vaccine. A study conducted in
Guangzhou city during the outbreak of the Delta variant demon-
strated that the effectiveness of two doses of inactivated SARS-
CoV-2 vaccines (CoronaVac or China National Biotec Group) were
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59.0% against infection, which was lower than that previously
reported ( ~ 79.3%).[9]

This study aimed to assess the association between the vaccina-
tion with CoronaVac and the COVID-19 infections among the
health care workers in a university hospital and to determine the
vaccine effectiveness against COVID-19 in a period when 75% of
cases were infected with alpha variant.[10]

2. Method
2.1. Study design

This retrospective cohort study was conducted between March
1 and May 31, 2021 in a university hospital in Istanbul, Turkey
employing 4067 health care workers. The hospital has no screening
policy for COVID-19 however highly recommends the routine PCR
test to its employees with potential exposure such as working in
the COVID-19 clinic. The hospital has a COVID-19 Diagnosis and
Treatment Center conducted by the Department of Infectious Dis-
eases and Clinical Microbiology. The follow-ups and records of
HCWs with a positive result in polymerase chain reaction (PCR)
tests are carried out by the Department of Public Health. Data con-
sisting of demographic characteristics, vaccination status, and
symptoms were retrieved from the hospital’s medical records.

The study was approved by the Ethics Committee of Istanbul
University - Cerrahpasa (Approval number: 103513 Approval date:
02.06.2021) and conducted in accordance with the Declaration of
Helsinki. Permission was obtained from the Republic of Turkey’s
Ministry of Health and Faculty administration for the use of HCWs’
data in our study. The study was reported according to Strengthen-
ing the Reporting of Observational Studies in Epidemiology
(STROBE) Statement.

2.2. Participants and definitions

Eight hundred and ninety-three of 4067 health workers were
excluded from the study for various reasons (Fig. 1).

HCWs who had received two doses of CoronaVac vaccine and
14 days had passed after the second dose by March 31, 2021 were
defined as fully the vaccinated group. HCWs who had no doses of
any COVID-19 vaccine by March 1, 2021 were defined as the
unvaccinated group.

The follow-up period was defined as starting either 14 days
after receiving the second dose for the fully vaccinated group or

4067 Total
number of
health care 893 Excluded
workers 630 Previously infected with
COVID-19
> 63 Took part in vaccine trial
61 Received the first dose
\ 4 before the study
3174 139 Received the second dose
Included in late
the study
I
2267 Fully 907 Did not
vaccinated recetve any
doses

Fig. 1. The flowchart showing the included and excluded health care workers.
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on March 1, 2021, for the unvaccinated group. HCWs were cen-
sored when they received a positive PCR test result or on May
31, 2021. Also, the unvaccinated HCWs were censored if they
received any COVID-19 vaccine doses.

HCWs with positive PCR tests but without symptoms were
defined as asymptomatic.[11]

2.3. Statistical analysis

SPSS v21.0 (SPSS Inc., Chicago, IL, USA) was used for statistical
analysis. Continuous variables were given as mean * standard devi-
ation, and categorical variables as frequency and percentage. The
Chi-square test or Fisher Exact test, where appropriate, was used
in the analysis of categorical variables. Kaplan-Meier analysis
was performed to assess cumulative incidence of fully vaccinated
and unvaccinated groups. The incidence rate ratio (IRR) was used
to estimate unadjusted effectiveness of the vaccine.[12]

First, the incidence rates of fully vaccinated (IRg,) and unvacci-
nated (IRyy) groups were assessed as below:

Number of COVID — 19 positive case in the fully vaccinated group

IRev = The cumulative follow — up time of the fully vaccinated group

Number of COVID — 19 positive case in the unwvaccinated group

IRoy = The cumulative follow — up time of the unwaccinated group

Then, the incidence rates of two groups were used to calculate
the unadjusted IRR (ulRR):
IRry
IRR = —
T Ry
The number of COVID-19 positive cases in the vaccinated (ngy)
and unvaccinated (nyy) groups were used for the standard error
(SE), and the 95% CI of ulRR was calculated:

1

Ny

1

Nyy

SE =

95%CI Of ulRR = eln(ulRR)i].QGxSE

Cox regression was used to determine effectiveness of Corona-
Vac independent of covariates (adjusted effectiveness). Results
were given as hazard ratio (HR) and 95% confidence interval (95%
CI). A p-value < 0.05 was considered for statistical significance.

3. Results

Of the 4067 HCWs 3174 were included in the study. The flow-
chart showing the included and excluded health care workers
was given in Fig. 1. Seventy-one percent of HCWs were fully vacci-
nated whereas 29% percent did not receive any doses. The median
follow-up period was 90 days.

Forty-five percent of fully vaccinated HCWs were male while
39% percent of unvaccinated HCWs were male (p = 0.002). Fully
vaccinated HCWs were older than unvaccinated HCWs (40 + 11
vs 35 + 10, p < 0.001) and also the frequency of HCWs older than
50 years were higher (22% vs 10%, p < 0.001). The percentage of
having postgraduate or doctorate was higher in fully vaccinated
HCWs (36% vs 19%, p < 0.001). Fully vaccinated HCWs were more
frequently doctors (29% vs 14%) and less frequently nurses (22%
vs 35%) while the frequency of administrative/technical personnel
and other HCWs was similar (p < 0.001). The distribution of basic,
internal, and surgical medical sciences of groups was similar how-
ever the frequency of administrative/technical department were
higher in the unvaccinated HCWs (33% vs 24%, p < 0.001) (Table 1).

During follow-up, severe acute respiratory syndrome coron-
avirus 2 (SARS CoV 2) infection was detected in ten percent of
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Table 1
Characteristics of unvaccinated and vaccinated health care workers.
Unvaccined(n = 907) Vaccined (n = 2267) Total (n = 3174) p value
n % n % n %
Sex 0.002
Male 356 39.3 1024 45.2 1380 435
Female 551 60.7 1243 54.8 1794 56.5
Age group (years) <0.001
<30 269 334 470 232 739 26.1
30-39 271 33.6 550 27.1 821 29.0
40-49 186 23.1 560 27.6 746 26.3
>50 80 9.9 449 22.1 529 18.7
Education status <0.001
Below high school 94 119 251 12.7 345 12.5
High school 199 25.2 358 18.1 557 20.2
Graduate 348 441 662 33.5 1010 36.6
Post graduate | Doctorate 148 18.8 703 35.6 851 30.8
Position <0.001
Medical doctor 113 14.0 597 294 710 251
Nurse 282 35.0 444 219 726 25.6
Administrative | Technical personnel 272 33.7 623 30.7 895 31.6
Other health care workers 139 17.2 364 179 503 17.7
Department <0.001
Basic medical sciences 25 3.1 98 4.9 123 4.4
Internal medical sciences 285 354 729 36.1 1014 35.9
Surgical medical sciences 233 29.0 701 34.7 934 33.1
Administrative | Technical department 261 325 490 243 751 26.6
COVID-19 status <0.001
Negative 814 89.7 2130 94.0 2944 92.8
Positive 93 10.3 137 6.0 230 7.2
Symptom 0.790
Asymptomatic 19 204 30 219 49 213
Symptomatic 74 79.6 107 78.1 181 78.7

the unvaccinated HCWs and six percent of the fully vaccinated
HCWs (p < 0.001). The percentage of symptomatic cases was sim-
ilar between the groups (p = 0.790) (Table 1).

SARS-CoV-2 infection was detected in seven percent of both
males and females (p = 0.890). As the age of the group decreased
the frequency of COVID-19 positivity increased (p = 0.001). When
assessed by education level, the highest positivity was among the
high school graduates (p = 0.001). The frequency of COVID-19 pos-
itivity was higher in administrative |/ technical personnel and
nurses (10% both) than the doctors and other HCWs (6% both)
(p =0.001). SARS-CoV-2 infection was detected in 3% of basic med-
ical sciences, 8% of internal and surgical medical sciences, and 10%
administrative/technical unit (p = 0.048) (Table 2).

In Kaplan-Meier analysis age group, education status, position,
department, and vaccination status were significant while sex
was not significant (p = 0.001, p < 0.001, p = 0.001, p = 0.043,
p < 0.001, p = 0.954). The results were given in Table 3. During
the median 90 days of follow-up the cumulative incidence of vac-
cinated HCWs was 6.1% whereas the cumulative incidence of
unvaccinated HCWs was 11.4% (Fig. 2).

The incidence rate of SARS-CoV-2 infection was 133.7 vs 70.7
per 100.000 person-days in the unvaccinated and vaccinated
HCWs, respectively. The unadjusted IRR was 0.53 (95% CI 0.41-
0.69). The unadjusted effectiveness (1-ulRR) of CoronaVac for
COVID-19 infection was 47% (95% CI 31-59%). The unadjusted
IRR for symptomatic disease was similar. The incidence rate of
symptomatic SARS-CoV-2 infection was 106.4 per 100.000
person-days for unvaccinated HCWs and 55.3 per 100.000
person-days for fully vaccinated HCWs, so the unadjusted IRR
was 0.52 (95% CI 0.39-0.71). The unadjusted effectiveness of Coro-
naVac for symptomatic infection was 48% (95% CI 29-61%).

The adjusted effectiveness of the vaccine was estimated by
using Cox regression. The covariates determined in the model 1
were analyzed in model 2 and none of the parameters in model
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2 except vaccination status were significant. The adjusted effec-
tiveness was 39% (HR 0.610, 95% CI 0.463-0.804) (Table 4).

4. Discussion

This retrospective cohort study conducted with HCWs found
that unadjusted effectiveness of CoronaVac for COVID-19 infection
was 47% (95% CI 31-59%) whereas the effectiveness independent of
covariates was 39% (95% CI 20-64%). The vaccine has protected 884
health care workers against COVID-19 infection. On the other hand,
the unadjusted effectiveness of the vaccine for symptomatic infec-
tion was 48% (95% CI 29-61%).

Expectedly the real-world effectiveness of the vaccine differed
from efficacy in clinical trials.[13] The results of phase III trials in
Turkey found that efficacy of CoronaVac for preventing symp-
tomatic COVID-19 at least 14 days after the second dose was
83.5% relative to placebo which is notably higher than the effec-
tiveness in present study. The fact that the majority of cases in Tur-
key during the study period was infected with alpha variant and
only participants in a certain age group (from 18 to 59 years) were
included in the phase III trial might be possible reasons for the
lower effectiveness in the real-world data.[10,2] Similar drop in
effectiveness (from 79.3% to 59.0%) was found in a study conducted
in Guangzhou, China during the outbreak of the Delta variant.[9] In
a Brazilian test-negative case-control study, a significant wane in
vaccine effectiveness with increasing age was observed (59.0% in
adults 70-74 years old, 56.2% in adults 75-79 years old and
32.7% in adults > 80 years old).[14]

Vaccine performance is affected by the risk of infection and dis-
ease in the population.[15] Hence, effectiveness in healthcare
workers at high risk of exposure to SARS-CoV-2 could be low as
it was estimated in our study. In a study conducted with HCWs
in the setting of high SARS-CoV-2 Gamma variant transmission,
estimated effectiveness of two doses of CoronaVac against SARS-
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Table 2
Characteristics of COVID-19 negative and positive health care workers.

Vaccine 40 (2022) 2574-2579

Negative (n = 2944) Positive (n = 230) p value
n % n %
Sex 0.890
Male 1279 92.7 101 7.3
Female 1665 92.8 129 7.2
Age group 0.001
<30 662 89.6 77 104
30-39 745 90.7 76 9.3
40-49 699 93.7 47 6.3
>50 501 94.7 28 53
Education status 0.001
Below high school 320 92.8 25 7.2
High school 490 88.0 67 12.0
Graduate 918 90.9 92 9.1
Post graduate | Doctorate 806 94.7 45 53
Position 0.001
Medical doctor 670 944 40 5.6
Nurse 655 90.2 71 9.8
Administrative | Technical personnel 806 90.1 89 9.9
Other health care workers 473 94.0 30 6.0
Department 0.048
Basic medical sciences 119 96.7 4 33
Internal medical sciences 933 92.0 81 8.0
Surgical medical sciences 864 92,5 70 7.5
Administrative | Technical department 676 90.0 75 10.0
Table 3
Results of Kaplan-Meier analysis.
95% ClI

Mean SE Lower Upper p value
Sex 0.954
Male 90.208 0.380 89.464 90.953
Female 91.202 0.338 90.540 91.864
Age group 0.001
<30 89.637 0.600 88.461 90.813
30-39 89.237 0.549 88.160 90.313
40-49 90.621 0.499 89.644 91.598
>50 91.218 0.543 90.153 92.283
Education status <0.001
Below high school 90.371 0.742 88.917 91.824
High school 88.041 0.721 86.629 89.454
Graduate 89.190 0.500 88.210 90.170
Post graduate | Doctorate 92.088 0.439 91.228 92.948
Position 0.001
Medical doctor 91.976 0.485 91.026 92.926
Nurse 89.069 0.585 87.922 90.216
Administrative | Technical personnel 88.786 0.549 87.711 89.862
Other health care workers 90.898 0.577 89.768 92.029
Department 0.043
Basic medical sciences 91.822 1.081 89.704 93.940
Internal medical sciences 90.830 0.465 89.919 91.740
Surgical medical sciences 90.360 0.438 89.501 91.219
Administrative [ Technical department 88.547 0.627 87.318 89.775
Vaccination status <0.001
Unvaccinated 85.837 0.528 84.802 86.872
Vaccinated 91.808 0.278 91.264 92.352

SE: Standard error, CI: Confidence interval

CoV-2 during the period > 14 days after receiving the second dose
was 37.9%, which was similar to our findings.[16]

The evidence on the need for additional vaccine doses has been
reviewing by the WHO and several reasons such as waning protec-
tion over time or against variants shows booster doses may be
needed.[17] Turkish Society of Intensive Care demonstrated that
51.4% of the 952 COVID-19 intensive care patients hospitalized in
60 centers across Turkey were unvaccinated, 39.4% had two doses
of, and 1.9% had three doses of the CoronaVac vaccine.[18] The
results of our study showing the effectiveness of the vaccine
against COVID-19 was low (39%) supported this evidence and
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showed the need for a booster dose with same vaccine or another
type of vaccine that may have stronger immunogenicity (e.g.
mRNA vaccine).

In our study, the rate of vaccination was higher in participants
who were male, aged 50 and over, were doctors, had a higher edu-
cation level, and were working in areas other than the administra-
tive/technical department. These results were consistent with
previous studies in literature. In a study examining the vaccination
status and acceptance of the COVID-19 vaccine among healthcare
workers in China, it was shown that vaccine acceptance is lower
in females, nurses, and those with no contact with COVID-19 cases,
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Fig. 2. The cumulative incidence of vaccinated and unvaccinated HCWs for COVID-19 during the median 90 days of follow-up.

Table 4
Results of Cox regression analysis.
Model 1 Model 2
HR 95% CI p value HR 95% CI p value
Lower Upper Lower Upper

Vaccination status (Ref. Unvaccinated) . . . . 0.610 0.463 0.804 <0.001
Sex (Ref. Male) 0.960 0.740 1.246 0.760
Age group (Ref. > 50) 0.019 0.076
<30 1.751 1.129 2.716 0.012 1.565 0.976 2511 0.063
30-39 1.589 1.026 2.462 0.038 1.502 0.958 2.355 0.076
40-49 1.123 0.702 1.795 0.629 1.045 0.650 1.681 0.856
Education status (Ref. Post grad. / Doct.) 0.002 0.175
Below high school 1.290 0.790 2.106 0.308 1.909 0.783 4.655 0.155
High school 2.096 1.429 3.072 <0.001 2.451 1.065 5.638 0.035
Graduate 1.592 1.110 2.285 0.012 1.991 0.907 4.370 0.086
Position (Ref. Medical doctor) 0.012 0.109
Nurse 1.534 1.033 2.278 0.034 0.722 0318 1.641 0.437
Other health care workers 0.969 0.602 1.560 0.898 0.464 0.187 1.155 0.099
Administrative | Technical personnel 1.635 1.122 2.383 0.010 0.764 0.314 1.854 0.551
Department (Ref. Basic medical sci.) 0.127 0.317
Internal medical sciences 2.364 0.866 6.453 0.093 1.782 0.638 4.974 0.270
Surgical medical sciences 2.237 0.816 6.127 0.117 1.585 0.563 4.462 0.383
Administrative [ Technical department 2.866 1.047 7.847 0.040 2.086 0.729 5.970 0.171

HR: Hazard ratio, CI: Confidence interval, Ref: Reference, Post grad: Post graduate, Doct: Doctorate, Sci: Sciences

Model 1: Parameters were adjusted by vaccination status

Model 2: Parameters that have p < 0.2 in model 1 were analyzed in multivariate analysis

similar to our study. In the same study, it was shown that if the
education level is high, the vaccination rates are also high.[19] In
another study investigating COVID-19 vaccine acceptance among
healthcare workers after the vaccination campaign in Canada, male
gender, over 50 years of age, and occupational exposure to patients
infected with COVID-19 were found to be significantly associated
with vaccine acceptance.[20]

The present study has several limitations. First, this is a single-
center, retrospective cohort study so the findings might not be gen-
eralized to the whole population. Second, the hospital has no
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screening policy for COVID-19 therefore the number of asymp-
tomatic cases might have been underestimated in our cohort. This
limitation might cause that unadjusted effectiveness of the Coro-
naVac for COVID-19 infection to be estimated at 47%, while it
was estimated 48% for symptomatic infection. Third, no data was
available about comorbidity of health care workers therefore the
association between comorbidity and vaccination status or vaccine
effectiveness could not be estimated. Fourth, the effect of variants
could not be assessed since the cases were not confirmed in our
hospital in terms of variants. However, the alpha variant was dom-
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inant in Turkey during our study period and it might be affected
the effectiveness we found in our study. Finally, the protective
effect of the vaccine from severe infection (hospitalization, inten-
sive care admission, and death) could not be demonstrated, since
the health care workers included in the study were a cohort with
a relatively low risk of severe disease in terms of mean age, and
did not develop a severe disease requiring hospitalization during
the follow-up period.

In conclusion, this real life study conducted in health care work-
ers demonstrated that the effectiveness of two doses of the Coro-
naVac vaccine (39%) was lower than that determined in clinical
trials. Due to a reduction in protection over time or against other
variants, future studies should be concerned with booster doses
and their effectiveness.
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