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ABSTRACT

Objective: Immunization by vaccination has a crucial
role in controlling COVID-19 pandemic. Determination of
the factors affecting the effectiveness of the vaccine
can increase the success rates. We aimed to investigate
the effectiveness of CoronaVac and factors affecting its

effectiveness in healthcare workers.

Methods: This included

healthcare personnel (n=2666) working at a training

retrospective study

and research hospital. Logistic regression analysis
was used for analyzing the effects of all variables
including vaccination status on the development of
COVID-19. Adjusted odds ratios calculated by logistic
regression analysis were used to determine the vaccine
effectiveness. Stratified analyses wre performed for the
determination of the interaction/effect modification

regarding the vaccine effectiveness.

Results: Mean age of the 2.666 healthcare workers
included in this study was 37,3+10,2 and 55,8% (n=1488)
were females and %44,2 (n=1178) were males. In this
study gender and history of COVID-19 infection was found
to be an effect modifier for the vaccine effectiveness
by the stratified analysis. The effectiveness of the

CoronaVac vaccine in preventing development of

OZET

Amac: COVID-19 asilartile bagisiklanma, pandemiden
cikis stratejisi olarak tum diinyada genis capta kabul
edilmistir. Asinin etkililigi ve bunu etkileyen faktorlerin
tespit edilmesi, as1 basarisin1 arttirarak pandeminin
COVID-19

mortalitesinde; diizensiz immiunizasyon ve coklu organ

kontrolunu saglayabilir. hastalarinin
yetmezligi gibi nedenler gosterilse de bunlarin cinsiyet
ile olan iliskisi aydinlatilmamistir. Bu calismada; saglik
calisanlarinda CoronaVac asi etkililigini belirlemek ve

etkileyen faktorleri incelemek amaclanmistir.

Yontem: Bu retrospektif calismaya Egitim ve Arastirma
Hastanesi’nde calisan 2.666 saglik personeli dahil edilmistir.
COVID-19  gelisimidir.
Bagimsiz degiskenler; yas, cinsiyet, meslek grubu (doktor/

Calismamin  bagimli  degiskeni
hemsire/diger saglik calisanlar), calisilan klinik tipi (YBU/
YBU dist), COVID-19 kliniginde calisma durumu (COVID-19
klinigi/diger klinikler), COVID-19 gecirme Oykisi (var/
yok), asidan sonra COVID-19 tam suresi (glin) ve asilanma
durumu (asili/asisiz)’dur. COVID-19 tamsi alan tiim saglik
calisanlarimin klinik takibi Enfeksiyon Hastaliklarn ve Klinik
Mikrobiyoloji Personel Sagligi Poliklinigi’nde yapilmistir.
Ayrica klinik sorumlulan ile haftalik olarak telefonla

gorusilerek veya klinik ziyaretleri yapilarak, COVID-19
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COVID-19 diagnosed by real-time polymerase chain
reaction (RT-PCR) in healthcare workers was 84,5%
(95%Cl: 73,3-91) in women and 47% (95%Cl: 1,7-71,4)
in men. Being a medical doctor or a registered nurse,
working in ICU or a COVID-19 clinic, a positive history
of COVID-19 and COVID-19 vaccination were other
protective factors against COVID-19 infection.

Conclusion: Determination of the factors affecting
the effectiveness of the vaccine can increase the success
rates. Vaccination programs may need to be modified if
there is a COVID-19 history or gender-related difference

in vaccine effectiveness.

Key Words: COVID-19, vaccine, coronavac, gender,

effectiveness
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gelisimi  yoniinden tim saglik calisanlart izlenmistir.
Asilama durumu dahil tiim degiskenlerin COVID-19 gelisimi
tzerindeki etkilerini analiz etmek icin lojistik regresyon
analizi kullanmilmistir. As1 etkililigine iliskin etkilesim/etki
degisiminin belirlenmesi icin tabakali analizler yapilmistir.
Veriler SPSS versiyon 20.0 paket program kullanilarak
analiz edilmistir. Tum istatistiksel testler icin onemlilik

sinirn 0.05 olarak alinmistir.

Bulgular: Calismaya alinan toplam 2666 saglik
calisaninin yas ortalamasi 37,3+10,2 (n=2556) ve %55,8
(n=1488)’i kadin, %44,2 (n=1178)’si erkektir. CoronaVac
asisinin saglik calisanlarindaki RT-PCR pozitifligi ile tam
konulan COVID-19’u 6nlemede etkililigi kadinlarda (%84,5
(%95GA: %73,3-91,0)), erkeklerden (%47,0 (%95GA: %1,7-
71,4)) daha yuksek bulunmustur. Meslek gruplar, klinik
tipi, COVID-19 kliniginde ¢alisma durumu asi etkililigini
etkilememektedir. Cok degiskenli lojistik regresyon
analizinde doktor/hemsire olmak, YBU’de calismak,
COVID-19 kliniginde calismak, COVID-19 gecirmis olmak
ve asili olmak koruyucu faktor olarak saptanmustir.
Degiskenler arasinda %96,5 ile en yiiksek koruyuculuk

diizeyi COVID-19 gecirme oykiisiiniin olmasidir.

Sonug: Cinsiyete gore COVID-19 as1 etkililiginde
farklilik,

gerektirebilir. Erkekler ve kadinlar icin farkli prime-boost

asilama programlarinin revize edilmesini
araliklan, ozel asi platformlar, farkli dozaj seviyeleri
ile sonuclanan stratejiler COVID-19 eliminasyonu icin
kullanilabilir. COVID-19 asis1 olan saglik calisanlarinin
belirli araliklarla, yaklasik 1 wil izlenmesi; cesitli
gruplarda as1 etkililigindeki farkliliklarin belirlenmesi;
asilama programlari, sirveyans ve klinik takip gibi
noktalarda onceliklendirme yapma, rapel doz asilama,
agir hastalik gecirme riski olan calisanlari koruma,
hizmet planlama ve asi secimi gibi pek cok konuda buyiik
fayda saglayabilir. COVID-19 pandemisinin kontrol altina
alinabilmesi icin as1 ile immunizasyon anahtar roldedir
ve asi etkililigini etkileyen faktorleri tespit etmek

hedefe giden yolda basaryr arttirabilir.

Anahtar Kelimeler: COVID-19, asi1, coronavac,

cinsiyet, etkililik



INTRODUCTION

Severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2) infected millions of people and led to
hundreds of thousands of deaths since its emergence
2019 (1).
including wearing masks, compliance with hygiene
procedures,
control the pandemic, they were not enough to stop

in December Although precautions

and social isolation were taken to

the pandemic. Immunization by vaccination has been
accepted as the solution strategy for returning to pre-
pandemic work, school, and social life worldwide.
Vaccination is the most important and effective means
of protecting child and adult health and preventing
disease transmission since the 20th century (2). The
main target of immunization services is the reduction
of infectious disease-related morbidity and mortality
(3). Therefore, the permanent prevention of COVID-19
(i.e., Coronavirus disease-2019) spread can only be
possible by vaccinating most of the world population
with an effective and safe vaccine. Surprisingly, since
the end of 2019, approximately 200 vaccines were
tested in phase 1 and phase 2 trials (i.e., preclinical
trials), and some inactivated vaccines, nucleic acid-
based vaccines, and vector vaccines were tested in
clinical trials (4).

Inactivated vaccines are prepared by chemical
(i.e., formaldehyde) or physical (i.e., ultraviolet or
heat) methods using killed pathogenic strains. Until
today, purified inactivated viruses were usually used
for preparing vaccines, and these vaccines were
reported to be safe and effective against influenza
and poliovirus (5). The candidate vaccine CoronaVac
produced by the Chinese company Sinovac was tested
in a clinical trial including 743 healthy volunteers
aged between 18 and 59, and neutralizing antibodies
were detected 14 days after vaccination (6). The
phase 3 trial of this candidate vaccine was initiated
at the end of July 2020 in Brasil, and it was approved
for clinical use in Turkey in September 2020 (7). Thus,
the first COVID-19 vaccine introduced to clinical
use in Turkey is Coronavac. Since they were at high

risk due to close contact with patients, healthcare
workers were in the first vaccination group (8).

On the other hand, people who were vaccinated
by CoronaVac draw attention regarding serum
antibody levels, effectiveness of the vaccine in
protection against COVID-19, and factors affecting
its effectiveness. The answers to these questions
are critical in preventing the spread of COVID-19
and controlling the pandemic. Therefore, in this
study, we aimed to investigate the effectiveness of
CoronaVac and the factors affecting its effectiveness
in healthcare workers.

MATERIAL and METHOD

Study group

This retrospective study included medical doctors,
nurses, and allied health personnel (n=3.550) working
at a training and research hospital. The hospital
had 770 beds, 90 of which were located at adult
intensive care units, and the bed occupancy rate was
93% during the study period. The minimum sample
size was calculated as 2097 (1.677 vaccinated, 420
unvaccinated) with a 95% confidence interval and 0.9
power. The vaccine effectiveness, vaccination rate,
and the risk of acquiring COVID-19 in unvaccinated
were presumed as 0.5, 0.75, and 0.1. The Epi Info
(Centers for Disease Control and Prevention, Atlanta,
USA) software was used for this analysis. No participant
selection was carried out, and all the healthcare
worker population (n=2.666) was included in the
study. The study was initiated on the 1st of March,
2021, which corresponds to the earliest time after
completing a 14-day interval following administration
of the 2nd Coronovac dose to all healthcare workers.
In addition, the study period corresponds to the
third and the most severe wave of the countrywide
epidemic of COVID-19 (Figure 1).

The study was approved by the University of
Health Sciences, Diskap1 Yildirnm Beyazit Training and
Research Hospital Clinic Research Ethics Committee
(Date: 31.05.2021 and Number: 112/07).
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Figure 1. Distribution of daily diagnosed COVID-19 case numbers in Turkey, 01.01.2021 - 15.06.2021 (9).

Variables

The dependent variable was the development
of COVID-19.
performed using nasopharyngeal and oropharyngeal

Microbiological confirmation was
sampling according to World Health Organization
(WHO) guidelines (1).
isolated from the samples using Bio-Speedy VNAT
viral nucleic acid buffer (Bio-Rad CFX Connect Real-
Time PCR Detection System, USA). The COVID-19 RT
PCR kit (DS CORONEX COVID-19 Multiplex Real-Time
qPCR, GENSUTEK Ltd., Ankara, Turkey) used in this
study was designed to detect SARS-CoV-2 causing
COVID-19. The COVID-19 diagnosis was made by
COVID-19 RT-PCR test positivity during the three
months between 1st of March and 31st of May, 2021.
All healthcare workers diagnosed with were followed

Viral nucleic acids were

by the occupational health clinic of the Department
of Infectious Diseases and Clinical Microbiology. In
addition, all participants were either examined or
called by phone on a weekly basis for follow-up.

Turk Hij Den Biyol Derg

The independent variables were age, gender,
occupation (medical doctor/nurse/assistant health
personnel), department type (ICU/other), working
environment (COVID-19 clinic/other),
COVID-19 the
between vaccination and diagnosis of COVID-19 (days),

history of

(present/absent), time interval
and vaccination status (vaccinated/unvaccinated).
In addition, data of the patients regarding the
period between 01.03.2021 and 31.05.2021 were
retrospectively reviewed between 01.06.2021 and

15.06.2021.
COVID-19 vaccination

In Turkey, mass immunization was targeted by
four-staged COVID-19 vaccination based on the
Turkish COVID-19 National
People were categorized into groups based on the

Vaccination Strategy.

risk of exposure, severe disease, and transmitting
the virus. These groups were vaccinated in an order.
In this categorization, healthcare workers were

included in the first group (i.e., Group A) (8, 9). The



first shipment of the CoronaVac vaccine has arrived
in Turkey on 30.12.2020. The CoronaVac vaccine
(Sinovac Life Sciences, Peking, China) includes 3
pg/0.5 mL (600 SU per dose) inactivated SARS-CoV-2
and aluminum hydroxide as an adjuvant. It should
be transported in cold boxes at 2-8 “C (36-46 °F)
and is administered intramuscularly. It was given
emergency use approval by the Turkish Medicines
and Medical Devices Agency, and the healthcare
workers were started to be vaccinated in 14.01.2021,
and vaccinations of the healthcare workers of our
hospital were completed in 15.02.2021. A two-dose
vaccination schedule was completed in 28 days on a
voluntary basis.

Antibody testing

Anti-SARS-CoV-2 nucleocapsid (i.e., Anti-N) protein
immunoglobulin (Ig) M and 1gG total antibody (Anti N)
tests were performed in the adult vaccination clinic to
the healthcare workers who received the 2nd dose of
the vaccination at least 14 days ago and unvaccinated
healthcare workers. Anti-N antibodies were detected
by the Elecsys® Anti-SARS-Cov-2 (Roche Diagnostics,
ABD) and electrochemiluminescence immunoassay
(ECLIA) method. The test was performed in the Roche
Cobas E601
analyzer. The results were given qualitatively as non-

(Roche Diagnostics, ABD) automated

reactive or reactive based on the cut-off index (COIl)
values (i.e., COI<1,0 non-reactive, COI>1.0 reactive).
In this study only Anti-N antibody was evaluated and
healthcare workers were categorized into two groups
as positive and negative as per antibody testing
results.

Statistical analysis

Categorical variables were given as numbers or
percentages with a 95% confidence interval, and the
Chi-square test was used for comparisons. The age
variable was given as means, standard deviations,
minimums, and maximums, and the Student’s t-test
was used to compare the independent groups.

Odds ratios (OR) were calculated with 95%
confidence intervals during the analysis of the

COVID-19 risk factors. The vaccine protection rate
was calculated by the formula: (1-OR) x100. The
protection rate shows the effectiveness of the
vaccine (10). Logistic regression analysis was used
for analyzing the effects of all variables, including
vaccination status, on the development of COVID-19.
Adjusted odds ratios calculated by logistic regression
analysis were used to determine the vaccine’s
protection rate and effectiveness.

Layered analyses were performed to determine
the “effect
regarding the effectiveness of the vaccine. First, the

“interactions” or modifications”
homogeneity of the odds ratios between different
layers was analyzed by the Breslow-Day test. Next,
the term “interaction” was added to the logistic
regression model if odds ratios were found to be
heterogeneous between the layers and interactions/
effect modifications were analyzed. Finally, adjusted
vaccine effectiveness was calculated separately
in different layers of the variables, which were
determined as effect modifiers by logistic regression
analysis (11-13).

The Statistical Package for Social Sciences (SPSS
v20.0, SPSS Inc., USA) software was used for statistical
analysis. The p value was considered significant if it
was lower than 0.05.

RESULTS

Mean age of the 2.666 healthcare workers included
in this study was 37.3+10.2. Among these patients,
55.8% (n=1488) were females and %44.2 (n=1178)
were males. While 20.1% (n=536) of the participants
were medical doctors, 31.4% (n=836) were registered
nurses and 48.5% (n=1294)
personnel. The rates of the participants working in
ICU and COVID-19 clinics were 16.5% (n=439) and
20.4% (n=545). In total, 836 (31.4%) patients had
history of COVID-19. Among these patients, 36 (1.4%)
were hospitalized and 12 (0.05%) were admitted to

were allied health

ICU. While vaccination data were unavailable in 30
(1.1%) cases, 2035 (77.2%) study participants were
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vaccinated and 601 (22.8%) were unvaccinated
(Figure 2). The Anti-N antibody levels were analyzed
in 68.9% (n=1381) of the vaccinated. Among those
who were unvaccinated, 68.1% (n=409) underwent
Anti-N antibody testing. In total, 69% (n=1.813) of the
study participants were tested for Anti-N antibodies
and 72.2% (n=1.301) of the subjects had a positive

result. Among the participants who underwent Anti-N

Data available (n=2666,% 100)

Vaccinated

§ (n=2035, %76,3) occupation, clinic etc.)
n

)
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y= Unvaccinated Confounders
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= (n=601, %23,7) clinic etc.)

antibody testing, 74.9% (n=1.034) of the vaccinated
and 62.1% (n=254) of the unvaccinated were positive
(p<0.001). Vaccination data of thirteen (0.1%) subjects
with a positive antibody result were unavailable.
(n=536) of the
vaccinated participants had a history of COVID-19 and

Before vaccinated; while 26.3%

47.8% (n=287) of the unvaccinated participants had
past medical history of COVID-19 (p<0.001).

COVID-19 cases
(n=76, %2,8)

Confounders (age, gender,

Healthy participants
(n=1959, %73,5)

3-month follow-up
(March- May 2021)

COVID-19 cases
(n=48, %1,8)

Healthy participants
(n=553, %20,7)

Figure 2. The distribution of participants in terms of vaccination status

During the study period, 124 (4.7%) patients were
diagnosed with COVID-19. While most (70.2%) of
these cases were diagnosed in April, 9.2% and 20.2%
were diagnosed in March and June, respectively
(Figure 3). Our review revealed that 61.3% (n=76)
of the participants with a history of COVID-19 and
78% (n=1.959) of those without a history of COVID-19
were vaccinated (p<0.001). Healthcare workers with
anti-N antibodies (n=61) were evaluated and while
41% (n=25) of the subjects who were diagnosed with
COVID-19 had a positive antibody result, this figure
was 72.8% (n=1276) in the other group (p<0.001).

Turk Hij Den Biyol Derg

None of these cases were hospitalized or admitted
to ICU.

A mutant variant of coronavirus was detected in
25 (20.2%) cases. Among these cases, 14 (11.2%) had
the English variant, while 11 (8.9%) were detected
to have the South African/Brazilian variant. Three
cases had a second episode of COVID-19 infection.
In these subjects, the re-infection was diagnosed
126, 147, and 230 days after the first infection. All
of these three cases were unvaccinated, and they did
not undergo Anti-N testing.
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Figure 3. Distribution of cases as per PCR testing dates

Univariate analysis revealed working in ICU, a
positive history of COVID-19, COVID-19 vaccination,
and a positive antibody test result as protective
factors while age, gender, occupation, and working
environment (COVID-19 clinic/other) did not have a
significant effect. Effectiveness of the vaccine was
calculated as 55.3% (95% Cl: 34.7-69.2%). Among
those who were vaccinated, a positive Anti-N
antibody result was found to be more protective than
a negative result (Table 1).

Multivariate logistic regression analysis showed
that being a medical doctor or a registered nurse,
working in ICU or a COVID-19 clinic, a positive history
of COVID-19 and COVID-19 vaccination were protective

1-May-2021 1-Jun-2021

factors against COVID-19 infection. Age and gender
were not included in this model. Effectiveness of
the vaccine was determined as 72.5% (95% Cl: 59.2-
81.2%). Among all variables, the strongest protective
factor was a history of COVID-19 infection (Table 2).
In the gender layer of the layered analyses, the
rough (i.e., unadjusted) and adjusted (i.e., Mantel-
Haenszel) odds ratios regarding the effect of the
vaccination status on the development of COVID-19
were found to be similar (Unadjusted OR: 0.447;
95% Cl1:0.308-0.649 and adjusted OR: 0.443; 95% Cl:
0.305-0.644). While the OR was calculated as 0.264
(95% Cl:0.157- 0.441) for women, it was determined
as 0.837 (95% Cl:0.466-1.569) for men. These odds

Turk Hij Den Biyol Derg 343




Table 1. Univariate analysis results regarding COVID-19 risk

. CASES CONTROLS OR Protection
Variable Category (n=124) (n=2542) (0dds Ratio) %95 ClI p value rate (%)* %95 ClI
Age (year). mean+SD 36.7+11.1 37.4+10.1 - 0.507
Male 61(49.2) 1117(43.9)
Gender 1.235 0.861-1.772 | 0.250
Female 63(50.8) 1425(56.1)
Other 54(43.5) 1240(48.8) Reference
Occupation | Medical doctor 25(20.2) 511(20.1) 1.123 0.682-1.814 0.433
Nurse 45(36.3) 791(31.1) 1.306 0.673-1.960
ICU 10 (8.1) 429(16.9)
i L LA 0.432 0.213-0.803 | 0.010 56.8 19.7-78.7
type Non-ICU 114(91.9) 2113(83.1)
) Other clinics 94(75.8) 2027(79.7)
UL COVID-19 0.796 0.522-1.214 | 0.289 -20.4 -21.4-47.8
iaLChlu s 30(24.2) 515(20.3)
Clinic : :
: Present 3(2.4) 833(32.8)
'é‘;f;’lrny 1°9f 0.051 0.016-0.160 | <0.001 94.9 0.84 - 98.4
- Absent 121(97.6) 1709(67.2)
oo Vaccinated 76(61.3) 1959(78.0)
Vac‘é";atm“ 0.447 0.308-0.653 | <0.002 55.3 34.7 - 69.2
SIatls Unvaccinated 48(38.7) 553(22.0)
Anti-N Positive 25(41.0) 1276(72.8)
e 0.259 0.152-0.436 | <0.001 74.1 56.4 - 84.8
Elnalzerely Negative 36(59.0) 476(27.2)
Antibody
Vaccinated positive 24(94.8) 1010(97.7)
healthcare - 0.435 0.233-0.823 | 0.007 56.5 17.7 - 76.7
workers bl 18(5.2) 329(2.3)
negative : .
Protection rate: (%)=(1 - OR) x 100
SD: Standard deviation
Cl: Confidence interval
Table 2. Multivariate logistic regression analysis results regarding COVID-19 risk
. Standard 0dds Protection o
Variable Category B error p value Ratio %95 CI rate (%)* %95 Cl
Intercept - -0.813 0.273 0.005 -
Other Reference
Occupation i
Med‘cﬁtr‘:zcm” -0.443 0.196 0.023 0.642 | 0.439-0.940 35.8 6.0-56.1
Department Non-ICU Reference
type Icu 4221 | 0357 | o001 [ 0295 | 01460594 | 705 40.6-85.4
Working Other clinics Reference
environment COVID-19 Clinic 0649 | 0233 | 0005 [ 0523 | 0331:0.82 47.7 17.4-66.9
History of Absent Reference
CoVvID-19 Present 3364 | 0592 | <0001 | 0.035 | 00110110 | 965 89.0-98.9
Vaccination Unvaccinated Reference
status Vaccinated 1289 | 0201 | <0.001 | 0.275 | 0.186-0.408 72.5 59.2-81.4

Hosmer Lemeshow Test p=0.693; Nagelkere R?=0.148; Omnibus Test p=<0.001
*Protection rate (%) =(1-OR) x100

344
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ratios were significantly different (p: 0.004). Since
the OR confidence interval included 1 in the analysis
of male participants, the logistic regression analysis
was repeated for the male participants, female
participants, and subsequently for the entire cohort

by adding the term ‘interaction’ (gender*vaccination
status) with the assumption that gender was an effect
modifier. The effectiveness of the vaccine was found
as 84.5% (95% Cl:73.3-91) in women and 47% (95%
Cl:1.7-71.4) in men (Table 3).

Table 3. Results of the logistic regression analysis repeated due to effect modifiers

Other variables .
e included in the Vaccination status B Bl p value OdQS %95 ClI ATIEEEI T %95 ClI
group error Ratio rate (%)
model
History of COVID-19, Unvaccinated Reference
WOMEN' occupation,
(sl | alpamen s, Vaccinated 0930 | 0323 | <0.001 | 0.155 | 0.090-0.267 | 84.5 UEGEn
working environment 91.0
MEN? Unvaccinated Reference
(n=1158) History of COVID-19
Vaccinated -0.635 0.315 0.044 0.530 | 0.286-0.983 47.0 1.7-71.4
History of COVID-19,
ENTIRE occupation, Gender*Vaccination
GROUP? department status -1.049 0.416 0.012 0.350 | 0.155-0.792
(n=2636) type, working (interaction term)
environment, gender

" Hosmer Lemeshow Test p=0.735; Nagelkere R2=0.210; Omnibus Test p=<0.001
2 Hosmer Lemeshow Test p=0.613; Nagelkere R2=0.105; Omnibus Test p=<0.001
3 Hosmer Lemeshow Test p=0.213; Nagelkere R2=0.159; Omnibus Test p=<0.001

In layered analyses, the odds ratios were similar in
occupation, working environment (COVID-19 clinic/
other), department type (ICU/non-ICU), and history
of COVID-19 layers (p>0.05). The effectiveness of the
vaccine adjusted by the logistic regression model as
per different variables with a confidence interval of
95% is shown in Figure 4. The vaccine’s effectiveness
was not found significant in the study participants
with a history of COVID-19 (p=0.394). Considering the
confidence intervals, a positive history of COVID-19
was also an effect modifier.

In univariate analysis, investigation of the
differences between women and men revealed that
the mean age of the female participants was lower

than male participants; female subjects had a higher
rate of working in ICU and positive antibody test
results. The same analysis also showed a higher rate
of male participants than female subjects in the
allied health personnel group (Table 4).

Analysis of all variables by logistic regression
analysis for investigating the differences between
women and men elucidated that mean age was
higher in men while the rates of a positive history
of COVID-19 and antibody positivity were higher in
women. The same analysis also confirmed that the
male gender was significantly predominant in the
allied health personnel group (Table 5).

Turk Hij Den Biyol Derg

345



79,5

© 270 sL8
10,3
§ 5 T ¢ 3 3 s £
E = £ 5 T < £ E g £
] ) < c S S o a2
2 @ > ] o P = <
[ o z - - )] [}
o 9 Y A oy by
s o S S Q =]
g g ] 3 2 2
3 9] S ) o
s =2 z E B
< i ©
I
2
*Error bars represent 95% confidence interval
Figure 4. Vaccine effectiveness adjusted by logistic regression analysis as per variable categories
Table 4. Comparison of women and men by univariate analysis
Variable Category Women Men p value
Age (meanzSD) 36.3+10.1 38.6+10.2 <0.001
Other 602(40.5) 692(58.7)
Occupation <0.001
Medical doctor/nurse 886(59.5) 486(41.3)
Non-ICU 1220(82.0) 1007(85.5)
Department type 0.016
ICU 268(18.0) 171(14.5)
Other clinics 1168(78.5) 953(80.9)
Working environment 0.126
COVID clinic 320(21.5) 225(19.1)
Present 468(31.5) 368(31.2)
History of COVID-19 0.907
Absent 1020(68.5) 810(68.8)
Vaccinated 1124(76.3) 911(78.4)
Vaccination status 0.193
Unvaccinated 350(23.7) 251(21.6)
Positive 794(73.7) 507(68.9)
Anti-N antibody <0.001
Negative 283(26.3) 229(31.1)
Case 63(4.2) 61(5.2)
COVID-19 Diagnosis 0.250
Control 1425(95.8) 1117(94.8)
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Table 5. Results of the multivariate logistic regression analysis regarding the differences of female and male study

participants in terms of variables

Variable Category B St::rc::‘rrd p value g:g; %95 ClI

Intercept - -0.886 0.347 0.011

Age - 0.015 0.005 0.003 1.015 1005-1.026
Other Reference

Occupation
Medical doctor/nurse 0603 | 0104 | <0001 | 1828 | 1.490-2.202
Non-ICU Reference

ICU
Icu 0166 | 0148 | 0264 | 0847 | 0.6341.133
Other clinics Reference

Working environment
COVID-19 Clinic 0174 | o1as | 0230 | 0840 | 0631116
Absent Reference

History of COVID-19
Present 0290 | o116 | 0013 | 133% | 1.064-1.678
Unvaccinated Reference

Vaccination status
Vaccinated 0.176 | 0.126 | 0.161 | 1.193 | 0.932-1.526
Positive Reference

Antibody
Negative -0.246 | 0.121 | 0.042 | 0.782 | 0.616-0.991
Present Reference

COVID-19 diagnosis
Absent -0.261 | 0.274 | 0.341 | 0.77 | 0.450-1.318

" Hosmer Lemeshow Test p=0.724; Nagelkere R2=0.055; Omnibus Test p=<0.001

DISCUSSION

In this determined that the
effectiveness of the CoronaVac vaccine in preventing
the development of COVID-19 diagnosed by real-time
polymerase chain reaction (RT-PCR) in healthcare
workers was 84.5% (95% Cl:73.3-91) in women and
47% (95% Cl:1.7-71.4) in men. As per our analysis,
occupation (i.e., medical doctor/nurse/allied health
personnel), department type (ICU/non-ICU), and the
working environment (COVID-19 clinic/other) did not
affect the effectiveness of the vaccine. However, the

study, we

vaccine was not effective in those with a positive
history of COVID-19. This finding may be because the
risk of COVID-19 is relatively low in these subjects.
We also found that working in ICU, being a medical
doctor or a nurse, and working in a COVID-19 clinic was
associated with a relatively lower risk of COVID-19.
This result may be because these healthcare workers

are aware of the high risk of disease transmission and
take precautions for their safety.

In a study including 20787 healthcare workers in
England, Hall et al. noted that 83% of the patients
who recovered from COVID-19 were protected against
re-infection during the first five months after the
primary episode (14). Furthermore, Abu Raddad L. et
al. determined that the re-infection rate was 0.01%
(95% CI:0.01-0.02) in patients with a positive history
of COVID-19 and the incidence rate was 0.36 per
10000 person-week (95% Cl:0.28-0.47) (15). In line
with this, a positive history of COVID-19 was found as
the most potent protective factor among all variables
analyzed.

It is known that accuracy, rapidity, simplicity,
convenience, workforce need, and logistics are
considered while using antigen and antibody kits (16).
In this study, we could analyze the Anti-N antibody

titers only because of financial restrictions. K. Oved
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et al. reported that the specificity and sensitivity
of the Roche antibody kit were 100% and 89%,
respectively (17). Lumley et al. analyzed the effect
of antibodies on the re-infection rates in healthcare
workers, and they reported that the rate ratios were
similar between those who were tested only for anti-
nucleocapsid 1gG and those who were also tested for
anti-spike 1gG (18). Chen et al. determined a strong
correlation between Anti-S and Anti-N antibodies
(19). In this case-control study, the researchers could
test 49.2% of the cases and 69% of the controls for
Anti-N antibodies. The univariate regression analysis
showed that antibody positivity was protective
against COVID-19, and patients with positive Anti-N
antibody tests were protected better than those with
negative results. This finding shows the significance
of antibody response after vaccination.

After completion of the CoronaVac Phase 3
trials, the vaccine’s efficacy was reported as 84%
in Turkey and 65% in Indonesia (20). While only 10%
of the 13000 study participants were healthcare
professionals, 1620 subjects included in the study
conducted in Indonesia were all selected from the
general population. According to WHO reports, in
a study conducted in Chile including 10.5 million
participants selected from the general population and
in another study including 12688 health professionals
from Brasil, the vaccine’s effectiveness was reported
as 67% and 50%, respectively (20). In our study, the
effectiveness of CoronaVac was 72.5% (95% Cl:59.2-
81.2), and it was found to be effective in preventing
COVID-19. Although these rates were similar to
those reported in other studies, it can be suggested
that the differences in the study populations, high
risk of COVID-19 exposure in our study population,
differences in the follow-up periods, differences in
the case densities during different study periods, and
differences in mass immunity levels could have led to
different outcomes.

Although potential etiologies such as dysregulated
inflammation and multi-organ failure were accused
of COVID-19-related mortality, the relationship of
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these factors with the patients’ gender was not fully
clarified (21). Previously published studies reported
that COVID-19 had a more severe and mortal course
in men than women (22,23). It is widely accepted
that sex hormones, sex chromosomes, genomic and
epigenetic differences can lead to the difference in
the immune responses of women and men (24,25).
Studies investigating the effects of gender on the
immune system reported that women develop more
potent natural and adaptive immunity responses
than men, and this feature provides an advantage
in viral clearance and infection control (26,27). It
is known that gender-related biological differences
can also affect the post-vaccination humoral and
cellular immunity (28). Engler et al. worked on
1.114 individuals aged between 18 and 64 to assess
the trivalent inactivated influenza vaccine in a
randomized prospective trial setting. They concluded
that women had more potent humoral immune
responses and produced a higher amount of protective
antibodies than men (29). These authors also stated
that half the dose of a vaccine in women had the
same effect as the total dose of the same vaccine in
men. Dominguez et al. investigated the efficacy of
the measles-mumps-rubella (MMR) vaccine in 2.619
individuals older than 15 years (30). They determined
that serum IgG antibody prevalence was higher in
women than men.

Similarly, some studies detected relatively higher
antibody levels in female children and adult women
after hepatitis B vaccination (31,32). In our study, the
vaccine’s effectiveness was determined to be higher
in women than in men. Although the mean age of men
was significantly higher than women, this difference
was not sufficient to affect the vaccination response.
However, the rate of men was higher in the allied
health personnel group, and this finding may be
the reason for the higher COVID-19 risk. While the
rates of a positive history of COVID-19 and subjects
with positive antibody testing results were higher in
women, the difference between men and women was
not significant in this regard. We suggest that we found



gender as an effect modifier on vaccine effectiveness
may be due to other variables not analyzed in this
study. This study was conducted on a group mainly
consisting of young and healthy individuals. Vaccine
effectiveness can be different based on gender in
elderly patient populations. However, this statistical
effect modification can also indicate a biological
interaction. Although a significant difference is not
anticipated between women and men in the general
patient population regarding vaccine effectiveness,
there may be a significant difference between the
two genders in healthcare professionals.

Eyre et al. worked on 3.610 healthcare workers
for analyzing the Anti-Spike IgG responses after
Pfizer-BioNTech and Oxford-AstraZeneca vaccinations
(33). These researchers determined that -after the
first dose of vaccination- the seropositivity rate was
higher in the young participants who had a history
of COVID-19, and these findings were not affected
they stated
that further studies were needed for analyzing the

by gender and ethnicity. However,

factors affecting the vaccination response. Vaccines
produced for preventing COVID-19 have different
immune mechanisms of action (4). In this study, only
CoronaVac vaccine outcomes were evaluated with the
expectation that its findings can be used for guiding
future vaccination programs. Different prime-boost
intervals, specific vaccine platforms, and strategies
leading to different dosage levels can be applied to
men and women and can all be used to eliminate
COVID-19.

Since our study is a single-center study, our results
may not be generalized to the entire population.
However, it should be considered that we had a
homogeneous study group regarding virus exposure
with the help of this feature. Also, the previously-
calculated minimum sample size was exceeded in
both vaccinated and unvaccinated groups, and the
effectiveness of the vaccine was calculated by a power

higher than 90%. Although the fact that only patients
with the suspicion of COVID-19 underwent diagnostic
testing can be considered a weakness of the study,
it should be noted that vaccine effectiveness was
calculated based on the prevention of symptomatic
disease. Also, the results should have been affected
by the sensitivity of the RT-PCR test. However,
this influence should be similar in vaccinated and
unvaccinated groups. Symptomatology, severity,
and duration of symptoms were not analyzed in our
study. Since none of the cases were hospitalized
or admitted to ICU during the study period, the
vaccine’s effectiveness could not be assessed in this
regard. Potential confounders such as off-duty times,
comorbidities, medications, duration of working,
night duty, and day shift conditions of the participants
were not included in the analysis. However, the
most critical factors were analyzed by multivariable
analysis. Since a national barcode system was used
for the determination of the vaccination status of the
participants, there was no risk of bias. Nevertheless,
75% of the target population could be included in the
study. The remaining 25% may be a source of selection
bias.

Immunization by vaccination has a crucial role in
controlling the COVID-19 pandemic. Determination
of the factors affecting the effectiveness of the
vaccine can increase the success rates. For example,
vaccination programs may need to be modified
if there is a gender-related difference in vaccine
effectiveness. In addition, periodic follow-up of the
healthcare workers who were vaccinated for COVID-19
at least for one year can help in the determination
of the differences in vaccine effectiveness between
various groups, organizing prioritization schedules in
vaccination, surveillance, clinical follow-up programs
and booster vaccination programs, protection of high-
risk of workers, planning of healthcare services and
vaccine selections.
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