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KNUHUYKN UICTPAXYBAHA

Abstract

The COVID-19 pandemic, caused by the novel SARS-CoV-2 virus, started in December 2019 in the
city Wuhan, province Hubei in the Republic of China. The disease quickly became pandemic and
infected 48.539.872 people and had a mortality of 1.232.791 in 215 countries all over the world
resulting in economic and healthcare collapse. On 11-th of March the World Health Organisation
declared COVID 19 as pandemic. SARS-CoV-2 (severe form of acute respiratory syndrome coronavirus
2) as the cause of COVID 19 is the member of the coronavirus family along with MERS-CoV and
SARS-CoV-1which cause severe respiratory infections that are highly contagious and have very high
mortality. The pandemic character, the high morbidity and mortality and rehabilitation resulted
in a massive vaccine production as an attempt to control the spread of the SARS CoV-2 virus and
reduce the morbidity and mortality, especially in the most vulnerable population groups. The aim of
the study was to evaluate the association between vaccination status, number of doses and disease
severity, length of hospital stay and mortality. Material and Methods: In this case-control study we
included 230 male and female patients admitted in the Covid Centre in Acibadem Clinical Hospital
in Skopje from March 2021 to February 2022. Patients were divided in two groups according to
their vaccination status. Data about patients demographics, comorbidities, vaccination, number
of doses received, type of oxygen and ventilation support, length of stay and patient outcome were
collected. Results: A total of 230 COVID-19 positive hospitalized patients participated in the study.
50.4% of them were vaccinated, of which 86.2% received two doses, 11.2% received one and 2.6%
received three doses of vaccines. A significant association was registered between lethal outcome
and vaccination (PearsonChi-square: 532523, p=.021019), association with number of doses of
vaccination (PearsonChi-square: 766262, p=.043524), association with type of ventilation - NIV, HFO,
IMV (PearsonChi-square: 177399, df=3, p=0.00000), associationwithcomorbidity (3.90770, p=.048065).
Conclusion: Vaccination against Covid-19 and number of doses have a significant impact on disease
severity, progression and outcome of the disease.
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WsBagox

COVID-19 kako uH(exTHBHO 3a007yBatbe 3a MPBMAT ce 1nojaBn Bo AekemBpu 2019 rouua, a mnp-
BUTE 3apa3eHn Oea Bo rpajior ByxaH, obnact Xyben Bo H.P.KuHa. Bonecra 106y maHjeMucKu
KapakTep 1 3a 0p3o poBeie 10 48.539.872 sapasenu nyre u npepusBuka 1.232.791 cmpTHuM cy-
yau Bo 215 3eMju BO CBETOT, JIOBeyBajKu 10 robajieH 37paBCTBEH M eKOHOMCKM KoJarc Ha
cBetckoTo Hacenenue. Ha 11 mapt 2020 roguua CBeTckata 3/[paBCTBeHa OpraHu3aliuja mporia-
cn COVID-19 nanpiemuja. SARS-CoV-2 (Temka dopMa HaaKyTeH pecrimpaTopeH CHH/POM KOPo-
HaBupyc 2) Kako npeausBukyBad Ha COVID-19 mpercraByBa KOpoHa BUPYC KOj IITO MCTO KAKO
u ocraHarute 7iBa KopoHa Bupycu MERS-CoV u SARS-CoV-1 ce ofiroBopHU 3a Npen3BUKYBambe
Ha aKyTHU PecnvpaTopHu UH(EKIMN KOU ce MHOTY KOHTAarvo3HU Mo MpUpojia U I0BeJyBaat 1o
BUCOK MopTanuTeT. [TaHeMUCKIOT KapakTep Ha 6ojiecta, BUCOKMOT MOPOUUTET, MOPTA/IUTET 1
jlonraTa pexabWiuTaIja JoBefioa 10 MAaCOBHO MPOKM3BOJICTBO Ha BAKIMHM CO IieJT TpeBeHrparbe
1 cripeuyBame Ha nHdekuja co SARS-CoV-2 BUpYCOT,HAMATYBabe Ha MOPOUJMTETOT U MOPTa-
JIUTETOT, 0COOEHO Kaj paHMBaTa TMOMyIalija o UMYHOKOMITPOMUTHPAHOCT U UMYHOIe(DUIIUT.
IlenTa Ha oBaa cTyjMja Oelle Jia ce UCTIATA MOBP3aHOCTA MOMETY BaKIMHATHUOT CTAaTyC U OpojoT
Ha npumen 1031 npotuB COVID-19 u TexxnHara Ha 6osecta, Jo/DKMHATA Ha O0TTHUYKUOT TTPECTOo]
1 cMpTHOCTa. Matepujami u MeToan: Bo oBaa ctyauja 6ea BKIydeHn 230 MalMeHTH O/ MalIKu 1
JKeHCKY 11071, Kou bea TpeTupanu Bo Covid 1ienTtapot mpu MudekTUuBHUOT offien Ha KnvHuukata
oonunia Ambagem CuctiHa Bo meprozioT o Mapt 2021 roauHa 1o deBpyapu 2022 roamHa.
[TatuenTute 6ea mojieieHy Bo JiBe TPYIU CTIOPe]] BAKIMHATHUOT cTatyc. [logarony 3a remorpad-
CKUTe KapaKTePUCTHKY, KOMOPOUUTETHTe, BaKIMHALMjaTa, OPOjoT Ha TPUMEHH JI03U, TUTIOT Ha
KICIOPO/IHA W BEHTUJIATOPHA TOJIIPIIKA, JI0JUKMHATA HA TIPECTOj BO OONHMUI[A, UCXOJIOT OFf JEKY-
BaweTo Oea ciefieHy 1 3abenexann. Pesynraru: Bo cryujata yuectByBaa 230 XOCTMTaIM3UPAHY
COVID-19 no3utuBHK nanmenT. Bakiuuupanu 6ea50,4% o Xocnuranusupanute, o Kou 86,2%
npumuse ase 1034, 11,2% npumune efjHa 1 2,6% npumniie TpU 1034 BakUuHU. Benie pernctpu-
paHa 3HauajHa MOBP3AHOCT MOMEry CMPTOHOCHHOT UCX07] U BakiuHanujata (PearsonChi-square:
5.32523, p=.021019), noBp3aHocTa co 6pojoT Ha J103M Ha BakiuHalujata (PearsonChi-square:
766262, p=.043524), moBp3anocta co TunoT Ha BeHtunanuja (PearsonChi-square: 177.399, df=3,
p=0.00000), 1 moBp3aHOCTa CO MPUCYCTBOTO Ha KomopoumreT (3.90770, p=.048065). 3akmyyok:
Baximnanuuor cratyc u 6pojoT Ha MpUMEHH 1031 BO HAIIATA CTYI1ja MOKaKa SHAUNTe e 3alllTH-
TeH eeKT 3a pa3Boj Ha TeKOK 0071MK Ha OoJiecTa 1 eTaneH UCxoj.
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Introduction

SARS-CoV-2 is a member of the coro-
navirus family, a group of enveloped
single-stranded RNA viruses. First
reported infections were in 2019,
and since then the SARS-CoV-2 vi-
rus (COVID-19) pandemic has spread
globally in almost every country in
the world'. Although most common-
ly attacking the respiratory system,
all systems can be affected. Signs
and symptoms can differ from as-
ymptomatic, mild illness to very se-
vere and critical disease requiring
intensive care unit admission and
death?.

COVID-19 mortality and morbidity
are affected by many different fac-
tors, i.e., gender, age and several
chronic diseases such as chronic re-
spiratory disease/asthma, heart ar-
rhythmias, hypertension, coronary
disease, diabetes and neoplasma’.
Vaccination against SARS-CoV-2 has
become crucial for limiting disease
transmission and reducing its sever-
ity, hospitalization and mortality*.
More specifically, data from system-
atic reviews underline the efficacy of
vaccination in terms of clinical sever-
ity and mortality®. Despite universal
acceptance, vaccine hesitancy is still
significant®. Finally, the occurrence
of the new variants can change all
previous data in relation to previous
emerging virus strains. In light of all
these factors, analysis of real-world
data concerning disease severity and
mortality of COVID-19 and vaccina-
tion is important for making future
national health policy.

The aim of the study was to evalu-
ate the association between vacci-
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nation status, number of doses and
disease severity, length of hospital
stay and mortality of COVID-19.

Materials and Methods

After receiving an approval from
the local Ethics Committee, we per-
formed a case-control study, includ-
ing 230 male and female Covid-19
positive patients, aged from 34 to 90
years admitted to the Covid center
at the Clinical Hospital Acibadem,
Skopje from March 2021 to February
2022. Patients were either on oxy-
gen support with 5-15 liters of oxy-
gen per minute, high-flow oxygen
support (HFO), non-invasive me-
chanical ventilation (NIMV) or in-
vasive mechanical ventilation (IMV)
and were divided in two groups ac-
cording to their vaccination status:
Group 1 included 116 patients vac-
cinated with 1, 2 or 3 doses of vac-
cine against SARS-CoV-2 regardless
of the manufacturer at least 14 days
before admission, and Group 2 was
the control group with 114 unvacci-
nated patients.

All patients tested positive to PCR
test for SARS-CoV-2 virus. Patients’
data regarding age, sex, vaccination,
number of doses, comorbidities,
symptoms, duration of disease and
therapy were collected from ques-
tionaries submitted by the patients
or their families, and from the CE-
REBRAL patient system at Clinical
hospital Acibadem from Skopje.

Results

A total of 230 COVID-19 positive
hospitalized patients participated



in the study, of which 54.3% were
men and 45.7% women. The percent-
age difference registered between
the sexes was statistically non-sig-
nificant for p>0.05 (Difference test,
p=0.0651) (Table 1).

50.4% of the hospitalized patients
were vaccinated, of which 86.2% re-
ceived two doses, 11.2% received one
and 2.6% received three doses of
vaccines (Table 1).

Comorbidities were registered in
84.8% of patients, with more than
two comorbidities registered in
40.0%. Cerebrovascular disease
(CVD) was registered in 69.1%, en-
docrine diseases (diabetes mellitus,
Addison’s disease, hypothyroidism)
in 36.5%, immunocompromising

conditions in 10.0%, chronic ob-
structive pulmonary disease (COPD)
and asthma in 8.7% and obesity in
6.1% (Table 1).

In the largest percentage (72.2%), pa-
tients ended up on oxygen support
with face mask, 26.9% on non-inva-
sive ventilation and high-flow oxy-
gen support and 0.9% (two patients)
on mechanical ventilation (Table 1).

The average age of males was
62.4+13.9 (minimum32, maximum
92 vears), and of females 66.3+11.7
(minimum34, maximum 90 vyears)
(Table 1). The difference registered
between the average age according
to gender was significant, for <0.05
(t-test=2.27101, p=0.024080).

Table. 1. Demographic characteristics and comorbidities of participants

Gender Number Percent
M 125 54.3
F 105 45.7
Vaccination
no
yes
Dose
| 13 11.2
Il 100 86.2
I1 3 26
Comorbidity
yes 195 84.8
no 35 15.2
comorbidity>=2
yes 92 40.0
no 138 60.0
CVD
yes 159 69.1
no 71 309
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DM, hypotireosis, Adison’s disease
yes 84 36.5
no 146 63.5
HBI, HD
yes 10 43
no 220 95.7
Immunocompromising
yes 23 10.0
no 207 90.0
COPD, asthma
yes 20 8.7
no 210 91.3
Obesity
yes 14 6.1
no 216 93.9
Type of oxygen support
oM 166 72.2
NIV/HFO 62 26.9
2 0.9
MV
age Average N
M 624 13.9
F 66.3 11.7
Table 2. Patient characteristics according to vaccination status
Vaccination yes no
sex Number Percent Number Percent
M 65 56.0 60 52.6
F 51 44.0 54 474
age
>67 61 52.6 53 46.5
<67 55 474 61 535
yes 98 84.5 97 85.1
no 18 155 17 14.9
Oxygen support type
oM 93 80.2 73 64.0
NIV/HFO 23 19.8 39 34.2
IMV 0 0 2 18




No gender difference in vaccination
status was registered, for p>0.05 (Pear-
sonChi-square: 0.268343, p=0.604445).
52.6% of vaccinated patients were
older than 67 vears, and 46.5% of un-
vaccinated. There was no association
between the age above and below 67
years and the vaccination status, for
p>0.05 (PearsonChi-square: 0.854422,
p=0.355304). Comorbidity was regis-
tered in 84.5% of the vaccinated, and
85.1% of the unvaccinated. There was
no association between registration

of comorbidity and vaccination sta-
tus, for p>0.05 (PearsonChi-square:
0. 016310, p=0.898379). 80.2% of the
vaccinated patients were on oxygen
mask, 19.8 % on NIV/HFO. None of the
patients in vaccinated group were on
IMV. 64.0% of the unvaccinated were
on an oxygen mask; 32.4% were on
NIV/HFO and 1.8% on IMV. An associa-
tion was registered between the type
of ventilation and the vaccination sta-
tus, for p<0.05 (PearsonChi-square:
8.53979, p=0.0360).

Table 3. Length of hospitalization according to vaccination

df

ValidN ValidN Std.Dev. Std.Dev.
yes no yes no

8.775 11403 | -3402 228

0.0007

116 114 4.852 6.724

Vaccinated patients were hospital-
ized for an average of 8.8+4.8 days,
and those who were not vaccinated
were hospitalized for 11.4+6.7 days;
the difference between the average
length of hospitalization was signif-
icant, for p<0.05.

Vaccinated patients with one dose
were hospitalized for 9.3+8.4 days,
with two doses 8.7+4.3 days and with
three doses 7.7+4.0 days. According
to the Analysis of Variance test, the
difference between the average hos-
pitalization between unvaccinated
and those vaccinated with three
doses was significant, for p<0.0
(F=3.901, p=0.0095).

21.7% (50) of hospitalized patients
died. The profile of patients who had
fatal outcome were men, not vacci-

nated, or vaccinated with only one
dose, with registered comorbidities;
they had ended on NIV, HFO, IMV,
and they were with anaverage age
of 67 years, i.e., 50% were older than
67.5 years (mean=67.5 years) (Table4).

A significant association was regis-
tered between lethal outcome and
vaccination status (Pearson Chi-
square: 5.325, p=.0210), association
with number of doses of vaccination
(PearsonChi-square: 7.662, p=.0435),
association with type of ventilation
- NIV, HFO, IMV (PearsonChi-square:
177.399, df=3, p=0.000), association
with comorbidity (3.907, p=.0480).
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Table 4. Age, gender, vaccination and type of ventilation in patients with fatal outcome

Gender Number Percent
M 28 56.0
F 22 44
Vaccination
no 32 64.0
yes 18 36.0
Dose
| 32 64.0
11 4 8.0
[1 14 28.0
Comorbidity
yes 42 84.0
no 8 16.0
Ventilation type
NIV/HFO/MV 48 96.0
MV 2 40
age Average SD
live 634 13.0
deceased 66.9 13.0

Accordingto the binary logistic re-

predictor of lethal outcome in hos-
gression, non-vaccination was a pitalized patients (Table 5).

Table 5. Binary logistic regression
Variables in the equation

95% C.Lfor EXP(B)

Exp (B)

Vaccination
Lower

1112

Upper
4.060

no 754 330
-1.695 | .256

a. Variable(s) enteredonstep 1: refyes

5.201 1 023 2125
43.669 1 000 184

Step 12

Constant

Variables in the equation

95% C.Lfor EXP(B)
Exp (B)
Lower  Upper
Sten no 085 | 322 070 1 791 1.089 580 2.046
e a
P Constant | -1.328 | .240 | 30.660 1 000 265

a. Variable(s) enteredonstep 1: female
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Variables in the equation

Type of
ventilation

SE.  Wald df Sig

Step 000 | 3 [ 1.000 000
MV 42406 | 28591418 .000 | 1 | .999 | 2609758801295863300.000
NIV/HFO | 22.676 | 3119579 | .000 | 1 | .994 7049344222.542 .000
Constant | -21.203 | 3119.579 1] .99

a. Variable(s) enteredonstep 1: ref OM
Variablesintheequation

95% C.Lfor EXP(B)
Comorbidities .E. i Exp (B)
Lower  Upper

no -076 | 439 | .030 1 862 926 392 2189
Constant | -1.216 | 403 | 9131 1 003 .296

Step 12

a. Variable(s) enteredonstep 1: yes

Variablesintheequation

95% C.Lfor EXP(B)

Sig Exp (B)

Lower  Upper

>67 227 | 321 | 502 1 479 1.255 669 2.352
Constant | -1397 | 233 | 35992 1 000 247

Step 12

Variable(s) enteredonstep 1: ref.<67years

Discussion Johnson Pharma) and inactivat-

COVID-19 is the first disease where ed vaccines (Sinopharm, Sinovac)
a large number of institutions and achieved the fastest progress. By

companies have been engaged in re- the end of 2020, nine candidate vac-
search to produce effective multi- cines have been approved for human
platform vaccines. By the end of USe in many countries®®. The first
2020. more than -60 vaccines had generation of COVID-19 vaccines de-
entelied clinical trials, of which veloped for emergency use showed
13 were in phase 3 clinical trials, Promising results for controlling the
Among them, mRNA vaccines (Pfiz- pandemic 16. The SARS-CoV-2 virus
or-BioNTech ’ Moderna), recombi- during the several waves showed a
nant adenoviral vectored vaccines large number of mutations, some of

. which were marked as “of concern”
(AstraZeneca, Cansino, Gamaleya, ’
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because they could have an impact
on health policies of public inter-
est, monitoring and immunization
strategies’. In addition, the devel-
opment of vaccines in such a short
period of time has also led to doubts
about the safety and efficacy of vac-
cines. Several studies have exam-
ined the efficacy and safety of vac-
cines. In a recent systematic review
of 42 original studies, the authors
analyzed the efficacy of various li-
censed vaccines and concluded that
vaccines successfully reduce the
number of infections, the severity
of the disease, the need for hospi-
talization, the number of hospital
days and mortality. The Pfizer-BioN-
Tech vaccine is the most studied of
the available vaccines and shows an
effectiveness greater than 90%, fol-
lowed by Moderna with an effective-
ness greater than 80%'.

In our case-control study, it was
shown that unvaccinated patients
had higher in-hospital mortality
than vaccinated ones. It was also
shown that vaccination and vaccine
dose were significantly associated
with shorter hospitalization com-
pared to unvaccinated patients.
The incidence of comorbidities was
similar in the groups of vaccinated
and unvaccinated patients. No sig-
nificant statistical difference was
found in terms of sex, age and vacci-
nation status of patients. We found
an association with unvaccinated
status and type of oxygen support
and the need for invasive mechani-
cal ventilation.

There are studies that examined the
effect of vaccination against COV-
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ID-19 and their impact on the clini-
cal picture and the outcome of hos-
pitalization, with results that are
similar or coincide with ours. José
M. Ruiz-Giardin et al. conducted a
retrospective comparative studyof
500 hospitalized patients,of which
15.4% fully vaccinated, 17.2% partial-
ly vaccinated and 67.4% unvaccinat-
ed COVID-19 positive patients. They
showed that complete vaccination
was associated with a milder form
of COVID-19 and a shorter hospital
stay®.

Papaioannou et al. in their prospec-
tive study including 166 vaccinat-
ed and 416 unvaccinated COVID-19
positive patients showed that the
mean number of days of hospital-
ization was higher in unvaccinated
compared to vaccinated patients [7.0
(95% CI: 7.0-8.0) vs. 6.0 (95%CI: 5.0-
7.0),p=0.02]. Also, age-adjusted analy-
sis showed that hospitalized unvac-
cinated patients had a significantly
higher risk of mortality compared to
hospitalized vaccinated patients?°,

Giacomo Grasselli et al. in their
Lombardy cohort study of 10 mil-
lion inhabitants, during the study
period analyzed 553 patients that
required admission to an intensive
care unit, of which 139 (25.1%) were
vaccinated, while 414 (74.9%) were
unvaccinated. Vaccinated patients
were older, with more comorbidi-
ties and mostly men. Vaccinated pa-
tients had a significantly lower risk
of intensive care unit admission
than unvaccinated patients, but
there was no significant difference
in hospital and intensive care unit
mortality?.



Robert Whittaker et al. included 716
fully vaccinated and 2487 unvac-
cinated COVID-19 positive patients
in their cohort study. Using cox
proportional hazard model adjust-
ment, they showed that vaccinated
patients had a shorter hospital stay
and a lower risk of intensive care
admission compared to unvacci-
nated patients. On the other hand,
when they were admitted to the in-
tensive care unit, the length of stay
and mortality was not significantly
different?2.

Athina A. Samara’s study conducted
from June 1, 2021 to February 1, 2022
included 760 consecutive patients
diagnosed with COVID-19 infection.
Of them, 38.7% were vaccinated, and
11.7% were diagnosed with a severe
form of the disease. Vaccination
against the SARS-CoV-2 virus had a
significant protective effect against
the development of a severe form of
the disease and mortality, but the
comparison of the length of hospi-
tal stay was not statistically signifi-
cantly different between vaccinated
and unvaccinated patients®.

The existence of comorbidities, hy-
pertension, diabetes, chronic lung
disease, heart disease and malignant
tumors are associated with the devel-
opment of a severe form of the dis-
ease?*, Additionally acute and chronic
renal failure, COPD, diabetes, hyper-
tension, cardiovascular disease, ma-
lignancy, high d-dimers, high ferritin,
age, male gender, obesity, and smok-
ing are factors associated with higher
mortality from COVID-19%>%,

However,of particular importance
is the fact that in certain studies it

has been observed that vaccination
modifies or reduces the association
of these risk factors and the develop-
ment of a severe form of the disease
and death?2?3?, On the other hand,in
the multicenter prospective study of
Anna Motos et al. From Spain dur-
ing the study period 1585 patients
were admitted to the intensive care
units of seven hospitals due to CO-
VID-19. Of them, 1314 (82.9%) were
unvaccinated, 161 (10.2%) had not
completed the vaccination protocol,
and 110 (6.9%) were fully vaccinated.
Data from 81 (73.6%) fully vaccinated
patients were available for analysis.
Among fullyvaccinated patients, 45
(55.6%) were on mechanical ventila-
tion, and only one patient required
extracorporeal membrane oxygen-
ation. In-hospital mortality was
34.6%, the meantime on mechanical
ventilation was 19.0 (9.0-28.0) days,
and the mean number of hospital-
days was 11.0 (7.0-30.0)%. The main
conclusion of this study according
to the authors was that patients
with specific comorbidities despite
being fully vaccinated could develop
a severe form of COVID-19. Impor-
tant to say that only 7% of patients
with severe COVID-19 were fully
vaccinated. A comparison between
vaccinated and unvaccinated pa-
tients with severe COVID-19 requir-
ing intensive care showed a two-to
three-fold higher prevalence of im-
munosuppression, chronic lung
disease, diabetes, kidney disease,
and hypertension. Similar results
have been published by Tal Brosh-
Nissimov et al.in their study of 152
COVID-19 positive patients from
Israel requiring hospitalization?®.
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Only 4% of patients had no comor-
bidities. Even 40% of patients were
immuno compromised. Mortality
in their study was 22% (34/152). The
authors conclude that although in
a small percentage of patients with
COVID-19 who are fully vaccinated,
the development of a severe form
of the disease and death is possible,
especially in those with multiple
comorbidities. Compared to unvac-
cinated group of patients, these pa-
tients have more comorbidities and
are immunocompromised.

The analysis of patients with a fatal
outcome in our study also showed
an association with the existence
of comorbidities. Patients with a fa-
tal outcome were mostly men over
the age of 65, had more comorbidi-
ties, and were unvaccinated or vac-
cinated with a single dose. The as-
sociation of age and gender as risk
factors for a severe form of the dis-
ease and death outcome has also
been shown in other studies. In a
2020 population-based cohort study
from Sweden, the authors analyzed
758,932 patients. Patients were cou-
ples, men and women, with an age
difference of no more than 5 years
and living together. The authors
concluded that men had a higher
risk of developing severe, intensive
care unit admission, developing
complications, and death compared
to women, and that risk varied with
age and was greatest inp atients
aged 50 to 59 years 30. The relation-
ship between age, sex and vaccina-
tion status and the number of doses
received has been shown in other-
studies as well**,
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Conclusion

Data from our study suggest that
vaccination against Covid-19 and
booster doses provide protection
against the development of a severe
form of COVID-19 and death. In ad-
dition, vaccination and the number
of doses received affect the type of
oxygen support and the need for
mechanical ventilation. Vaccinated
patients have a shorter hospital stay
and a faster recovery from the se-
quelae of the disease.
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