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ABSTRACT

The CoronaVac vaccine was found to be effective against symptomatic COVID-19 and protective against
severe disease in phase 3 studies. However, there are little data about its effectiveness in real-world
conditions. The aim of the current study was to investigate the protective effect of the CoronaVac vaccine
in health-care workers (HCWs) in Turkey, a country where CoronaVac is widely used. The questionnaire
was sent to all employees in the form of a survey link by using a telephone application. In the survey,
HCWs were asked about demographic characteristics; CoronaVac vaccination status, history of a COVID-19
infection, whether COVID-19 infection was before or after the CoronaVac vaccination; the time between
being vaccinated and the COVID-19 infection; the clinical pictures of COVID-19 infection. Those who
experienced COVID-19 before vaccination were compared with the breakthrough cases in terms of
demographic and clinical features. A total of 628 HCW agreed to participate in the study. A total of 536
(85.3%) volunteers had been vaccinated and 92 (14.6%) had not been vaccinated against COVID-19 with
CoronaVac. There was a history of COVID-19 infection in 234 (37.2%) subjects and 188 (35%) had been
vaccinated and 46 (50%) not vaccinated. The rate experiencing COVID-19 disease was significantly lower
in the vaccinated than the unvaccinated volunteers. The rate of breakthrough cases after CoronaVac was
found to be 7%. The hospitalization rate was similar in the breakthrough cases and those who had COVID-
19 before CoronaVac vaccination. The results of our study indicate that CoronaVac provides protection
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against COVID-19.

Introduction

The SARS-CoV-2 pandemic continues to wreak havoc around
the world although 18 months have gone by since it first began.
The pandemic has caused a large number of deaths worldwide
and adversely affected how we live in many ways, with espe-
cially significant effects on the education system, the economy,
and social life. The agent is highly contagious and has a wide
range of clinical courses from asymptomatic to acute respira-
tory distress syndrome (ARDS), multi-organ failure, and death.
Asymptomatic persons can also be contagious. The method
thought to present the best hope to end the pandemic is
vaccines and the discovery of vaccines against SARS-CoV-2
has opened a new era in the fight against the disease. The
vaccines approved by the World Health Organization (WHO)
by August 2021 were the BNT162b2 messenger RNA (mRNA)
vaccine (Pfizer-BioNTech), the ChAdOx1 nCoV-19 vaccine
(Oxford-AstraZeneca), the mRNA-1273 vaccine (Moderna),
the Ad26.COV2.S vaccine (Johnson & Johnson), the inacti-
vated SARS-CoV-2 vaccine (Vero cell) (Sinopharm/BIBP),
and the inactivated SARS-CoV-2 vaccine (Vero cell) (Sinovac
Life Sciences).!

Following the emergency use approval of the CoronaVac
vaccine by the Turkish Ministry of Health on 13 January 2021,
vaccination was started in Turkey on 14 January 2021. The first
target group was health-care workers (HCW) and the vaccine
was administered in two doses at a 28-day interval. Application

of the BioNTech vaccine in Turkey started on 1 June 2021. The
third dose of the CoronaVac or the BioNTech vaccine is
currently being administered to health-care workers at the
request of the person, starting at 5 months after the second
dose.

The CoronaVac vaccine is an inactivated whole-virion vac-
cine. The World Health Organization (WHO) has approved
the vaccine for emergency use on 1 June 2021." The most
important factor for choosing the CoronaVac vaccine when
starting vaccination in Turkey was its ability to be stored with-
out the need for freezing, in addition to the opinion that the
more traditional technology using the whole virus that was
employed for its manufacture would be more acceptable by
the public. Side effects of CoronaVac are rare and those
reported have generally been mild, the most common ones
being fatigue, injection site pain, and sore muscles.®

The vaccine was found to be 50.7-83.5% effective against
symptomatic COVID-19 and 100% protective against severe
disease in phase 3 studies conducted in Brazil and Turkey.>’
However, there is little data about its effectiveness in real-world
conditions. The SARS-CoV-2 antibody levels have been shown
to decrease 5 months after vaccination in adults vaccinated
with CoronaVac, just like the decrease in post-infection anti-
body levels but studies on how long vaccine protection lasts are
inadequate.* There is also increasing concern about the vac-
cine’s effectiveness against the new variants.
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The current study aimed to investigate the protective effect
of the CoronaVac vaccine in HCWs in Turkey, a country
where CoronaVac is widely used. Our study was carried out
7.5 months after the first vaccination with CoronaVac in
Turkey and aims to provide information about the long-term
protective effects of this vaccine.

Materials and methods

The study was conducted between 27 July and
16 August 2021, 7.5 months after COVID-19 vaccination
was started, on HCWs working at Ankara City Hospital,
a health campus with a capacity of 3810 beds and consisting
of 8 separate hospitals. The questionnaire was sent to all
employees in the form of a survey link by using a telephone
application. In total, 628 healthcare workers volunteered to
participate in the study. Each volunteer could complete the
questionnaire only once.

The questionnaire consisted of 12 questions on the follow-
ing topics: (1) demographic characteristics (age, gender, pro-
fession); (2) history of or current work in units that care for
COVID-19 patients (inpatient service, intensive care, emer-
gency room, outpatient clinic); (3) whether vaccinated with 2
doses of CoronaVac (Sinovac®); (4) whether a third dose of the
COVID-19 vaccine had been administered; (5) which vaccine
had been used for the third dose, if any (CoronaVac vs.
BioNTech); (6) whether there was a history of a COVID-19
infection (confirmed by SARS-CoV-2 PCR); (7) whether this
infection was before or after the CoronaVac vaccination; (8) if
the infection was after the vaccination, whether it was after the
Ist dose or the 2nd dose or the 3rd dose, if any; (9) the time
between being vaccinated and the COVID-19 infection, if any,
in the post-vaccine period; (10) which of the four clinical
pictures of COVID-19 infection had been present (asympto-
matic; only loss of taste and smell; flu-like picture with coryza
and/or coughing and/or nasal discharge and/or bone-joint
pain; physician-diagnosed lower respiratory tract infection;
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(11) history of hospitalization during the COVID-19 infection;
(12) history of intensive care unit stay during the COVID-19
infection.

Cases with COVID-19 infection >14 days after the vaccina-
tion were considered breakthrough cases. Those who experi-
enced COVID-19 before vaccination or those who were not
vaccinated and experienced COVID-19 were compared with
the breakthrough cases in terms of demographic and clinical
features. The rate of past COVID-19 infection in subjects who
were and were not vaccinated was also compared. Ethics com-
mittee approval was obtained for this study (Approval number
E2-21-709).

Results

A total of 628 subjects, consisting of 158 (25.2%) males and 470
(74.8%) females, volunteered to complete the questionnaire.
The mean age of the volunteers was 35.5 + 8.9 years (4 subjects
were aged 260 years). There were 432 (68.8%) subjects who had
worked or continued to work in units that cared for COVID-19
patients. A total of 536 volunteers had been vaccinated and 92
(14.6%) had not been vaccinated against COVID-19 with
CoronaVac. Of the 92 unvaccinated subjects, only one had
been vaccinated with two doses of BioNTech in June 2021.
This healthcare worker was excluded because she was fully
vaccinated, and the total number of unvaccinated personnel
was found to be 91 (14.5%). A third dose had been adminis-
tered to 355 subjects; this was BioNTech in 302 (85.1%) and
CoronaVac in 53 (14.9%) (Figure 1).

There were a history of COVID-19 infection in 234 (37.2%)
subjects and 188 (35%) had been vaccinated and 46 (50%) not
vaccinated. The rate experiencing COVID-19 disease was sig-
nificantly lower in the vaccinated than the unvaccinated volun-
teers (p = .017). Among the subjects who had a history of
COVID-19 disease and vaccination, 146 (77.7%) had the
COVID-19 infection before the CoronaVac vaccination, and
42 (22.3%) afterward. Of the latter 42 subjects, 38 (90.2%) had
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Figure 1. The vaccination status of health care workers.
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Figure 2. Vaccination history of HCWs who had experienced the COVID-19 infection

experienced the COVID-19 infection after the second dose and
4 (9.8) after the third dose (Figure 2). In the group that experi-
enced COVID-19 infection after the third dose, 3 (75%) were
vaccinated with BioNTech and 1 with CoronaVac; of these four
HCWs, 1 HCW had received the third dose of CoronaVac
vaccine experienced COVID-19 infection one month after the
last dose of CoronaVac. Among the other three HCWs who had
received the BioNTech vaccine, one experienced COVID-19
7 days after the third dose while the other two had the disease
one month afterward.

The median interval from the second vaccine dose to the
COVID-19 diagnosis was two months (min. 7 days-max
6 months). One HCW had COVID-19 seven days after
receiving second dose of the CoronaVac vaccine. After this
subject and 3 subject who experienced COVID-19 after third

doses of vaccination with BioNTech were excluded, the rate of
breakthrough cases was found to be 7% (38/536). The compar-
ison of the demographic and clinical characteristics of the
HCWs with breakthrough infection and the HCWs with
COVID-19 infection before vaccination or HCWs who were
not vaccinated and experienced COVID-19 infection is shown
in Table 1.

The rate of vaccination with the third dose lower in
those who had COVID-19 after vaccination (12, 31.6%)
than those who had COVID-19 before vaccination (83,
54.8%) (p = .008). None of the HCW with COVID-19
history in the study group required ICU admission during
COVID-19. According to hospital records, a pharmacist
working in our hospital died before the vaccination started,
there were no other HCW who died.

Table 1. The comparison of HCWs who experienced COVID-19 after two doses of the CoronaVac vaccine with HCWs who did not vaccinated and experienced COVID-19
or experienced COVID-19 before two doses of the CoronaVac vaccine as regards the demographic features and COVID-19 clinical picture, hospitalization during COVID-

19, and vaccination with the third dose.

COVID-19 before vaccination or COVID-19 in COVID-19 after

unvaccinated n: 192 vaccination n: 38 p
Age (mean + SD) 348 +94 36.6 +74 .20
Gender (female percentage) n (%) 102 (69.8) 30 (78.9) 34
Occupation n (%)
® Doctor 70 (36.5) 13 (34.2) 98
® Nurse-midwife-healthcare technician 51 (26.5) 10 (26.3)
® Secretary, administration or maintenance worker, pharmacist, language thera- 71 (37.0) 15 (39.5)

pist, child development specialist

Working at COVID-19 clinics 138 (71.9) 27 (71) 15
Clinical picture of COVID-19
® Asymptomatic 18 (9.4) 4(10.5) .86
® Taste and smell loss only 23 (12) 6 (15.8)
® |nfluenza-like iliness 118 (61.5) 20 (52.6)
® Pneumonia 33(17.1) 8 (21.1)
Hospitalization during COVID-19 20 (10.4) 4(10.5 93
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Discussion

The results of our study indicate that CoronaVac provides
protection against COVID-19. However, there was no differ-
ence in disease severity or hospitalization rate between those
who had COVID-19 before or after vaccination.

The results of Phase 3 studies conducted in Turkey have shown
vaccination with two doses of CoronaVac vaccine to reduce the
risk of developing symptomatic COVID-19 in the 18-59 years age
group by 83.5% and to prevent COVID-19-related hospitalization
by 100% when compared to placebo.” In a Phase-3 study con-
ducted in Brazil, the protection rate against symptomatic COVID-
19 was found to be 50.7%, while protection against a severe clinical
picture was 100%, similar to the Turkish study.” In a prospective
observational cohort study involving approximately 10.2 million
persons and conducted in Chile, the effectiveness was 65.9% in
preventing COVID-19, 87.5% in preventing hospitalization, and
90.3% in preventing ICU admission.” The rate of being sick with
COVID-19 was significantly lower in vaccinated HCWs than
those who were not vaccinated in the current study.
Considering that approximately 80% of the cases of COVID-19
were before CoronaVac vaccination in the vaccinated group in
our study, we believe that CoronaVac is even more effective in
preventing COVID-19 infection than the above numbers indicate.
In our study, the median time between vaccination and COVID-
19 infection was 2 months. This period also coincides with an
increase in the number of cases in Turkey. In addition, after the
two doses of CoronaVac vaccination, there was an increase in the
behaviors of the health personnel to spend time together without
the mask and social distance rules with the belief that those who
have been vaccinated will no longer get COVID-19.

Some of the most important expectations from the COVI9-19
vaccines are reduced hospitalization rates and hospital occupancy
rates to ensure the maintenance of the quality of service in the
healthcare system. It has been reported that CoronaVac prevents
hospitalization due to COVID-19 by 87.5% to 100%.>’
Approximately one-fifth of the breakthrough cases had been
hospitalized in the current study, and the hospitalization rate
was similar in the breakthrough cases and those who had
COVID-19 before CoronaVac vaccination or those who were
unvaccinated. The demographic features of those with unvacci-
nated/pre-vaccine and post-vaccine COVID-19 were also similar.
We are unable to comment on the impact of co-morbidity on the
hospitalization rate as it was not included in the questionnaire. In
our county, when healthcare workers get COVID-19, decision of
hospitalization can be made even if there is no indication for
hospitalization, often to protect the household. This may be the
reason for the high hospitalization rate in this study.

The most significant benefits of the CoronaVac vaccine are
reported to be preventing a severe clinical picture and intensive
care unit hospitalization.” None of the breakthrough cases or
those who had COVID-19 before CoronaVac vaccination was
admitted to intensive care in the current study. The absence of
intensive care admissions in our study cohort may be due to
the fact that it consisted of a relatively young age group with
very few subjects aged >60 years. Another reason may be the
low rate of subjects with co-morbid conditions, but we did not
question the co-morbidity status and cannot reach a definite
conclusion.

Breakthrough infections have been reported after other
COVID-19 vaccines as well.® In a study conducted on
HCWs, the rate of breakthrough cases among those vacci-
nated with BioNTech was 0.4%. The majority of break-
through cases have been reported to be asymptomatic.”
The rate of breakthrough cases in the current study was
7%, higher than the rate reported with the BioNTech vac-
cine, and most cases were symptomatic.

The emergence of new variants has resulted in contemplat-
ing whether the vaccines would be effective against these new
variants as well. There are only a few studies on the effective-
ness of the CoronaVac vaccine against the new variants. The
P.1 lineage or Gamma variant virus has been shown to evade
neutralizing antibodies induced by the inactivated SARS-CoV
-2 vaccine.” In another study conducted in Brazil at a time
when 86% of the genotypes were found to be of the gamma
variant, being vaccinated with two doses of CoronaVac was
37.1% effective in preventing COVID-19.> While B.1.1.7
(Alpha) was previously the dominant variant in Turkey, the
delta variant was first detected in April 2021 and became the
predominant variant by August 2021.”'° The variant of SARS-
CoV-2 that infected the HCWs was not investigated in the
current study. Considering that the median time between vac-
cination and getting COVID-19 in the HCWs who stated that
they were infected after the vaccination was 2 months, the delta
variant was present in Turkey during that period. There is
therefore a possibility that these individuals were infected
with the delta variant. However, the date range of our study
includes only a small part of the period in which the delta
variant became the dominant variant in the community. The
delta variant possesses enhanced infectivity and replication
ability and it has been found to be associated with an increase
in symptomatic breakthrough infections following mRNA vac-
cines. However, the upper respiratory tract SARS-CoV-2 IgG
level has been found at low levels or to be absent in all subjects
who had a breakthrough infection with the delta variant. Such
infection is therefore believed to be the result of waning immu-
nity in vaccinated individuals.'"'* It was reported that neutra-
lizing antibody titers against the delta variant in CoronaVac
recipients were significantly lower than unvaccinated, naturally
infected patients.'’Additional studies are needed on break-
through infections associated with the delta variant in subjects
vaccinated with CoronaVac in countries where the delta var-
iant has become predominant, as in Turkey.

The rate of vaccination with the third dose lower in those
who had COVID-19 after vaccination than those who had
COVID-19 before vaccination. This may be due to the
awareness about protection from reinfection after
recovery.'* It has been reported that subjects who recovered
and produced antibodies to SARS-CoV-2 were protected
from reinfection for at least six months.

The strength of our study is that it was carried out in
healthcare workers, who are at high risk of getting COVID-
19 and who have a high probability of undergoing a PCR test
when they suspect COVID-19 infection in themselves. In
support of this notion, one-third of our study population
had experienced COVID-19. A limitation of our study was
that co-morbidity was not investigated and we were therefore
unable to reveal whether the similarity of hospitalizations and



clinical presentations was due to a difference in the co-
morbidity distribution between the groups. Another limita-
tion of our study is that it did not cover the period when the
delta variant was predominant in Turkey. About half of our
study group had been vaccinated with a single dose of
BioNTech six months after CoronaVac vaccination. Our
study period covered approximately 2 months after
BioNTech vaccination. A third dose of vaccination with
BioNTech possibly compensated for the decreased effective-
ness of CoronaVac 6 months after vaccination. This was
another limitation of our study.

In conclusion, CoronaVac is protective against SARS-CoV
-2 infection. Further research is needed on the protection
provided by CoronaVac in the elderly and those with co-
morbid conditions and against emerging variants, in addition
to how long this protection lasts.
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