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Background:  The  severity  and  mortality  from  COVID-19  infection  vary  among  populations.  The  aim  of
this study was  to  determine  the prevalence  and  predictors  of  mortality  among  patients  hospitalized  with
COVID-19  infection  in a tertiary  care  hospital  in Oman.
Methods:  We  conducted  a retrospective  study  using  database  that included:  demographic,  clinical  char-
acteristics,  laboratory  parameters,  medications  and  clinical  outcomes  of  all  patients  hospitalized  in  Royal
Hospital, Muscat,  Oman,  between  March  12, 2020  and  December  1st  2020.  Univariate  and  multivariate
logistic  regression  was  performed  to investigate  the  relationship  between  each  variable  and  the  risk  of
death of  COVID-19  infected  patients.
Results:  In  total,1002  patients  with  COVID-19  infection  with  mean  age  of the  cohort  was  54  ±  16  years
(65%  (n =  650)  male)  were  included,  with  an  overall  and  intensive  care  unit  (ICU)  mortalities  of 26%
(n  =  257) and 42%  (n =  199/473),  respectively.  The  prevalence  of  ICU admission  was  47%  (n  = 473)  and
the  need  for  mechanical  ventilation  was  41%  (n =  413).  The  overall  length  of  stay  in the  ICU  was 13
(9–21)  days.  Adjusting  for other  factors  in the  model,  the  multivariable  logistic  regression  demonstrated
that  in-hospital  mortality  in  admitted  COVID-19  patients  was  associated  with  old age  (p  <  0.001),  heart
diseases  (adjusted  odds  ratio  (aOR),  1.84;  95%  confidence  interval  (CI):  1.11–3.03;  p  = 0.018),  liver diseases
(aOR,  4.48;  95%  CI: 1.04–19.3;  p = 0.044),  those  with  higher  ferritin  levels  (aOR,  1.00;  95%  CI:  1.00–1.00;
p  = 0.006),  acute  respiratory  distress  syndrome  (ARDS)  (aOR,  3.20;  95%  CI: 1.65–6.18;  p =  0.001),  sepsis
(aOR,  1.77;  95%  CI: 1.12–2.80;  p =  0.022),  and  those  that  had  ICU  admission  (aOR,  2.22;  95%  CI:  1.12–4.38;

p  = 0.022).
Conclusion:  In  this  cohort,  mortality  in  hospitalized  COVID-19  patients  was  high  and  was  associated  with
advanced  age,  heart  diseases,  liver  disease,  high  ferritin,  ARDS,  sepsis  and  ICU  admission.  These  high-risk
groups  should  be  prioritized  for  COVID-19  vaccinations.

©  2021  The  Authors.  Published  by  Elsevier  Ltd on  behalf  of King  Saud  Bin  Abdulaziz  University  for
Health  Sciences.  This  is an  open  access  article  under  the  CC  BY-NC-ND  license  (http://creativecommons.
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Introduction

Since the first case of coronavirus disease 2019 (COVID-19) was
confirmed in China in December 2019, more than 106,828,187 mil-

lion individuals have become ill, and more than 2,330,403 have died
[1]. In Oman, the first case of COVID-19 was diagnosed on February
24th 2020 [2,3]. Since then, the total number of cumulative cases
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as reached 135,990 as of February 2021 and 1535 reported deaths
 Fig. 1) with a case fatality rate of 0.03% [4].

COVID-19 pandemic causes exceptional challenge to human-
ty worldwide due to important knowledge gaps in understanding
he patterns of transmission, disease phenotypes, genetic suscep-
ibility, risk factors associated with mortality, and lack of effective
herapies [2,3]. Despite its tremendous impact, there is a paucity

f research on the epidemiology and clinical outcomes of patients
ith COVID-19 in the Eastern Mediterranean Region (EMRO). Most

f the available research on prevalence of death and their associ-
tion with epidemiological risk factors has emerged from China,
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Fig. 1. Total confirmed COVID-19 Cases and Death

European Union and the USA [5–8]. The risk factors for mortal-
ity greatly vary among populations that differ in demographic,
clinical characteristic and the resilience of the health care system
ultimately affecting the outcomes.

Several risk factors have been associated with COVID-19 disease
severity and death such as gender [5–9], hypertension [5,8,9,14,15],
diabetes [5,8,9,14,15], smoking [10–13] and cardiovascular disease
[15–17]. Other factor such as cerebrovascular diseases, CD3 + CD8+
T-cells �75 cells �L−1 and cardiac troponin I �0.05 ng mL−1 has
been associated with predictors for mortality of COVID-19 pneu-
monia patients [6]. Most of the countries in the EMRO region
have the highest epidemiologic transition over the past 50 years
that outpaced their health care systems. The health of the popu-
lation is being influenced by large burden of non-communicable
chronic diseases, especially diabetes, heart diseases, hypertension
and chronic kidney diseases (CKD) [18–23]. All are potential risk
factors for mortality in patients with COVID-19 infection.

Our study aims to determine the prevalence as well as the demo-
graphic and clinical characteristics, treatment patterns, and risk
factors associated with in-hospital mortality among hospitalized
COVID-19 patients in Oman. Identification of groups at risk for in-
hospital mortality will help in stratifying and prioritizing high risk
populations for COVID-19 vaccinations.

Methods

Study design and data source

We  conducted a retrospective study to address the study aim
using Royal Hospital (RH) COVID-19 registry database. The RH is
the main tertiary hospital designated nationally for the care of
the COVID-19 patients. The database contains demographic, clini-
cal characteristics, laboratory parameters, medications and clinical
outcomes of all patients hospitalized in the RH between 12 March
and December 1st 2020.

Study variables
The demographic characteristics examined were age, gender
and nationality. Hospital visit information such as: type of admis-
sion, length of stay (LOS) and discharge disposition, were assessed.
The clinical characteristics included baseline comorbidities such
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man and the Gulf Cooperation Council Countries.

s diabetes mellitus, hypertension, dyslipidemia, respiratory dis-
ases and heart diseases. In addition, acute complications were
ssessed such as acute respiratory failure, acute respiratory dis-
ress syndrome (ARDS), sepsis, acute kidney failure and acute liver
amage. The laboratory parameters included: estimated glomeru-

ar filtration rate (eGFR), white blood cell (WBC) count, absolute
ymphocyte count (ALC), C-reactive protein (CRP); lactate dehy-
rogenase (LDH); alanine transaminase (ALT); ferritin, D-dimer,
roponin, corrected calcium and vitamin D levels. Pharmacologi-
al therapies included steroids, tocilizumab, convalescent plasma
CP) and therapeutic plasma exchange (TPE), used for the target
atient population were examined.

linical outcomes

Clinical outcomes assessed included in-hospital mortality as
ell as demographic and clinical factors associated with mortal-

ty of admitted COVID-19 patients in Oman. In-hospital mortality
as defined as percentage of patients with COVID-19 who died in

he hospital.

tatistical analysis

Descriptive statistics were used to describe the data. For cat-
gorical variables, frequencies and percentages were reported.
ifferences between groups were analyzed using Pearson’s �2 tests.
or continuous variables, mean and standard deviation was used to
resent the data while analyses were performed using Student’s
-test. Abnormal distributed variables were summarized using

edian and interquartile range and analyzed using Wilcoxon-
ann–Whitney test.
The association between in-hospital mortality and various pre-

ictors was evaluated using multivariable logistic regression model
tilizing the simultaneous method. Variables with p-values >0.5
ere eventually removed from the model. The variables initially

ncluded age, gender, diabetes mellitus, hypertension, heart dis-
ase, liver disease, eGFR, WBC  count, ALC, CRP, LDH, ALT, ferritin,
-dimer, troponin, bilateral infiltrates, ARDS, sepsis, ICU admis-
ion; LOS, TPE, CP, tocilizumab and steroids use. The goodness-of-fit
f the multivariable logistic models were examined using the
osmer & Lemeshow goodness-of-fit statistic. The discriminatory
ower of the logistic models was  assessed by the area under the
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Table  1
Demographic and clinical characteristics of the admitted COVID-19 cohort stratified by mortality.

Characteristics, n (%) unless specified otherwise All (n = 1002) Died p-Value

No (n = 745) Yes (n = 257)

Demographic
Age, mean ± SD, years 54 ± 16 51 ± 16 63 ± 14 <0.001
Age  categories

<50 years 405 (40%) 362 (49%) 43 (17%)
50–64  years 309 (31%) 226 (30%) 83 (32%) <0.001
≥65  years 288 (29%) 157 (21%) 131 (51%)

Male  gender 650 (65%) 477 (64%) 173 (67%) 0.341
Omani 759 (76%) 556 (75%) 203 (79%) 0.16

Clinical
Diabetes mellitus 482 (48%) 323 (43%) 159 (62%) <0.001
Hypertension 498 (50%) 335 (45%) 163 (63%) <0.001
Heart  disease 186 (19%) 109 (15%) 77 (30%) <0.001
Respiratory disease 109 (11%) 70 (9.4%) 39 (15%) 0.01
Liver  disease 19 (1.9%) 9 (1.2%) 10 (3.9%) 0.007
eGFR  < 70 ml/min/1.73 m2 311 (31%) 200 (27%) 111 (43%) <0.001

Laboratory, median [IQR]
WBC  count, ×109 L−1 [996/1002] 7 (4.8–11) 6.6 (4.6–10) 8.6 (6.0–14) <0.001
ALC  count, ×109 L−1 [998/1002] 0.9 (0.6–1.4) 1 (0.7–1.4) 0.8 (0.6–1.2) <0.001
CRP,  mg/dL [843/1002] 104 (45–180) 100 (43–172) 122 (55–202) 0.02
LDH,  U L−1 [919/1002] 426 (321–571) 404 (309–536) 511 (371–733) <0.001
Ferritin, ng/mL [924/1002] 774 (345–1552) 708 (305–1433) 983 (501–1924) <0.001
ALT,  IU L−1 [959/1002] 36 (21–64) 36 (21–62) 36 (20–70) 0.767
D-dimer, ng/mL [703/1002] 1.19 (0.61–3.66) 1.02 (0.55–2.73) 2.32 (0.98–8.04) <0.001
Troponin, ng L−1 [728/1002] 19 (9–70) 14 (7–44) 53 (18–173) <0.001
Vitamin D, ng/mL [240/1002] 63 (47–85) 63 (47–85) 62 (50–79) 0.799

Hospital
Bilateral infiltrates 847 (85%) 605 (81%) 242 (94%) <0.001
ARDS  425 (42%) 228 (31%) 197 (77%) <0.001
Intubation 413 (41%) 212 (28%) 201 (78%) <0.001
Sepsis 192 (19%) 89 (12%) 103 (40%) <0.001
ICU  admission 473 (47%) 274 (37%) 199 (77%) <0.001
LOS,  median [IQR], days 8 (4–15) 7 (3–14) 11 (6–17) <0.001

Management
Plasma exchange 62 (6.2%) 43 (5.8%) 19 (7.4%) 0.352
Convalescent plasma 392 (39%) 270 (36%) 122 (47%) 0.001
Tocilizumab 325 (32%) 194 (26%) 131 (51%) <0.001
Steroids 649 (65%) 433 (58%) 216 (84%) <0.001
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SD, standard deviation; eGFR, estimated glomerular filtration rate (n = 1000); IQR, int
protein; LDH, lactate dehydrogenase; ALT, alanine transaminase; ARDS, acute respi

receiver operating characteristics (ROC) curve also known as the
C-index. An a priori two-tailed level of significance was set at
0.05. Statistical analyses were conducted using STATA version 16.1
(STATA Corporation, College Station, TX, USA).

Results

The study included a total of 1002 admitted COVID-19 patients.
The overall mean age of the cohort was 54 ± 16 years with the
majority in the <50 years age group (40%; n = 405), 65% (n = 650)
were males and 76% (n = 759) were Omani citizen. The three most
prevalent co-morbidities included hypertension (50%; n = 498), dia-
betes mellitus (48%; n = 482) and heart diseases (19%; n = 186). A
total of 42% (n = 425) and 19%; (n = 192) of the hospitalized patients
had ARDS, 41% (n = 413) were intubated, and sepsis, respectively.
Forty seven percent (n = 473) of the patients were admitted to ICU
with an overall median length of hospital stay of 8 days (4–15).
The three most prominent management strategies included the use
of steroids (65%; n = 649), CP (39%; n = 392), and tocilizumab (32%;
n = 325).

Patients with the age group ≥65 years were more likely to be
associated with in-hospital mortality than those who were aged
50–64 years (51% vs. 32%; p < 0.001) as well as those that were

<50 years of age (51% vs. 17%; p < 0.001). In-hospital mortality
was also associated in those that had diabetes mellitus (62% vs.
43%; p < 0.001), hypertension (63% vs. 45%; p < 0.001), heart dis-
ease (30% vs. 15%; p < 0.001), respiratory disease (15% vs. 9.4%;
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rtile range; WBC, white blood cell; ALC, absolute lymphocyte count; CRP, C-reactive
 distress syndrome; ICU, intensive care unit; LOS, length of stay.

 = 0.01), liver disease (3.9% vs. 1.2%; p = 0.007) and those with eGFR
f <60 ml/min/1.73 m2 (43% vs. 27%; p < 0.001). Those that died in
ospital had higher WBC  count (8.6 vs. 6.6 × 109 L–1; p < 0.001), CRP
122 vs. 100 mg/dL; p = 0.02), LDH (511 vs. 404 U/L; p < 0.001), fer-
itin (983 vs. 708 ng/mL; p < 0.001), D-dimer (2.32 vs. 1.02 ng/mL;

 < 0.001), and troponin (53 vs. 14 ng/mL; p < 0.001) levels. How-
ver, those who died had lower ALC levels (0.8 vs. 1.0 × 109 L–1;

 < 0.001).
The COVID-19 patients that died in hospital were more likely to

ave bilateral infiltrates in their lungs (94% vs. 81%; p < 0.001), ARDS
77% vs. 31%; p < 0.001), more likely to be intubated (78% vs. 28%;

 < 0.001), sepsis (40% vs. 12%; p < 0.001), ICU admission (77% vs.
7%; p < 0.001), and longer overall median length of hospital (11 vs.

 days; p < 0.001). They were also more likely to be managed with
P (47% vs. 36%; p = 0.001), tocilizumab (51% vs. 26%; p < 0.001) and
teroids (84% vs. 58%; p < 0.001). Other demographic and clinical
haracteristics are found in Table 1.

Adjusting for other factors in the multivariate model (Fig. 2),
he multiple logistic regression demonstrated that in-hospital mor-
ality in admitted COVID-19 patients was  associated with old age
p < 0.001), those with heart diseases (adjusted odds ratio (aOR),
.84; 95% confidence interval (CI): 1.11–3.03; p = 0.018), liver dis-
ases (aOR, 4.48; 95% CI: 1.04–19.3; p = 0.044), those with higher

erritin levels (aOR, 1.00; 95% CI: 1.00–1.00; p = 0.006), ARDS (aOR,
.20; 95% CI: 1.65–6.18; p = 0.001), sepsis (aOR, 1.77; 95% CI:
.12–2.80; p = 0.022), and those that had ICU admission (aOR, 2.22;
5% CI: 1.12–4.38; p = 0.022).
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Fig. 2. Adjusted odds ratios of the predictors of mortality of admitted COVID-19 pati
distress syndrome; ICU, intensive care unit. For age category, age <50 years was the
0.84,  denoting good model fit.

Discussion

The present study showed that hospitalized patients with
COVID-19 were relatively young, two thirds were male and three
quarters were citizens. Diabetes was a major comorbidity in half of
the patients. Additionally, hypertension and heart diseases were
present in half and one fifth of the study population, respec-
tively. Almost half of the hospitalized patients with COVID-19 were
admitted to the ICU and managed mainly with steroids (65%),
CP (39%) and tocilizumab (32%). Mortality was high at staggering
around 50% among elderly (≥65 years) and middle-aged patients
with strong association with various non-communicable diseases
(hypertension and diabetes mellitus) including low eGFR. The high
mortality was associated with various abnormal laboratory param-
eters including WBC, CRP, LDH, D-dimer, troponin and ferritin. In
addition, mortality was associated with various clinical and radi-
ological respiratory abnormalities including ARDS and bilateral
infiltrates.

Multiple factors potentially contributed to the rapid transmis-
sibility of COVID-19 infection. Early into the pandemic, the World
Health Organization (WHO) estimated the basic reproduction num-
ber for a contagious disease (R0) for SARS-CoV-2 to be 1.4–2.5. This
subsequently increased to R0 of 3.28 suggesting that every index
case could potentially infect about three others [24]. Furthermore,
an infected person can transmit the virus to others both before
they show symptoms and when they are symptomatic [25]. Most
COVID-19 transmission appears to be due to exposure to the respi-
ratory droplets and aerosols of an infected person. However, recent
research indicates detection of SARS-CoV-2 RNA in other body flu-
ids suggesting the possibility of other routes of transmission, such
as bloodborne, urinary, and gastrointestinal tract and indicate its
ease of spread [24].

The overall risk factors and treatment patterns associated with
in-hospital mortality among patients treated in hospitals across
EMRO remain largely unknown. Few studies, either surveillance
data with minimal clinical information or small cohorts, have

been conducted early into the pandemic in the region on pre-
dictors of mortality. However, the results have been inconsistent
[26–30]. In a study from Kingdom of Saudi Arabia (KSA) on 89
patients (4.27%) who died, the clinical predictors of death were obe-
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 = 1002). eGFR, estimated glomerular filtration rate; ARDS, ARDS, acute respiratory
nce group. The Hosmer and Lemeshow p-value was 0.953 while the c-statistic was

ity, history of smoking and diabetes mellitus [26]. In a cohort of
096 patients from Kuwait recruited from February to April 2020,
ortality predictors were asthma, smoking and elevated procalci-

onin levels [27]. In another study from KSA conducted between
arch and May  2020 on 352 critical ill patients on predictors of

8-day mortality, the mortality rate was 32.1%. Multivariate regres-
ion analysis showed that older age, active smoking, pulmonary
mbolism, decreased SpO2/FiO2 ratio, and increased lactate and
-dimers were mortality predictors [28].

We  have conducted a retrospective study including 1002
atients admitted to one of the main tertiary care hospitals in the
ountry representing 10% of all COVID-19 related hospitalization
n the country. In a multivariant analysis, in-hospital mortality in
dmitted COVID-19 patients was  associated with advanced age,
eart diseases, liver diseases, high ferritin, ARDS, sepsis and ICU
dmission.

In the USA, a national study from 592 hospitals of 64,781
atients with confirmed COVID-19 who  were discharged between
pril 1 and May  31, 2020, showed that 19.4% of patients with
OVID-19 required care in ICU; 15.9% of patients received inva-
ive mechanical ventilation; and 20.3% of patients died [31]. In
he current study, 47% of patients with COVID-19 required care
n the ICU, 41% of patients received invasive mechanical ventila-
ion and 26.0% of patients died with ICU mortality reaching 42%.
he in-hospital mortality rate estimated in this study was  similar
o a retrospective cohort from Kuwait involving 103 ICU patients
here the fatality rate was  43.7%; 85.5% were males and 38% of

he patients had more than two  comorbidities. Pre-existing hyper-
ension, moderate/severe ARDS, lymphocyte counts <0.5, albumin
22, procalcitonin >0.2, D-dimer >1200 and the need for continu-
us renal replacement therapy were significantly associated with
ortality [30].
The mortality rate in our study is higher than what was  reported

n a previous study by Richardson et al., as well as the prevalence
f ICU admissions (47% vs. 19.4%) and invasive mechanical ven-
ilation use (41% vs. 15.9%) [32]. An explanation could be that our

ospital was  designated for patients with severe and critical COVID-
9 pneumonia. Furthermore, patients were sometimes transferred

ate in their illness to our hospital due to delays in diagnosis. Lack
f effective antivirals, increase hospital volume and inadequate
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adherence to standard supportive therapy, might have also con-
tributed to the poor clinical outcomes in some patients. Timing
of the different therapies is probably essential for the successful
response. Inhibition of viral proliferation in early stage of COVID-
19 with antivirals could prevent subsequent severe complications
and improve the clinical outcome In contrast, patients with critical
COVID-19 would benefit from anti-inflammatory therapy to treat
cytokine release syndrome; the main cause of multi-organ failure
and death [33]. A number of therapies has been recently advocated
as potentially effective in the management of COVID-19 infection
such as remdesivir, steroids, IL-6 inhibitors and anticoagulation
[34–36]. However, supporting evidence is weak for modalities
such as convalescent plasma, ivermectin, lopinavir/ritonavir, and
interferons [37,38]. Well-designed clinical trials are required to
investigate the safety and efficacy of ivermectin and other agents
such as traditional Chinese herbs, vitamin D and C.

In this cohort, the in-hospital mortality was highest among
COVID-19 infected patients with age group 65 and above as more
than half of the patients in this age category died. Previous studies
in macaques inoculated with SARS-CoV have shown that age-
dependent defects in immune cells results in a robust increase
in expression of genes associated with inflammation leading to
decrease in type I interferon beta, affecting the ability to suppress
the virus and consequently to poor outcomes [39]. This associa-
tion between age and mortality is consistent with prior reports
[31,32,40]. Similarly, in the USA [31], patients aged 65 years and
older disproportionally accounted for more than 75% of all in-
hospital deaths. The odds of death were 16.2 times higher in
patients aged 80 years or older than among those aged 18 to 34
years. Furthermore, mortality rate in the age group 65–79 years
was 39.2%. Male patients had 18% greater odds of death than female
patients. In our study, no difference in mortality rate based on gen-
der was observed.

Among baseline comorbidities, similar to a large multicenter
cohort of 1305 hospitalized COVID-19 patients in Michigan, USA
[17], where hypertension, diabetes mellitus and CKD were the most
common comorbidities, the three most prevalent co-morbidities
in the current study were also hypertension, diabetes mellitus
and CKD. However, when adjusted among various confounders
in the multivariant analysis, only liver disease and heart diseases
were associated with significant in-hospital mortality (aOR of 4.48,
95%CI: 1.11–3.03, p = 0.018 and aOR of 1.84, 95%CI: 1.04–19.3,
p = 0.044, respectively).

Low survival rates have been associated with myocardial infarc-
tion, congestive heart failure, cerebrovascular disease, respiratory
disease, dementia, diabetes, any malignant neoplasm metastatic
solid tumour, hypertension and hyperlipidemia [41–43]. In addi-
tion, increasing number of comorbidities have been associated with
lower survival [17]. In this cohort, compared to survivors, non-
survivors significantly had a lower lymphocyte count but a higher
count of WBC  and high CRP in univariate analysis. These findings are
consistent with the previous research [28,30]. Moreover, the labo-
ratory parameters predictors of high mortality were ferritin, LDH,
D-dimer and troponin. These parameters are indicative of cytokine
storm and cardiac involvement, both have been associated with
increased mortality in several other studies [6,43,44].

Increased high-sensitivity cardiac troponin I during COVID-19
hospitalization was found in more than half of those who died in
several reports [45–47]. In addition, patients admitted with pneu-
monia had increased coagulation activity, marked by increased
D-dimer concentrations [40,48]. Increased mortality rate has been
reported at D-dimer levels above 1, mainly through ischaemia and

thrombosis induced by the systemic pro-inflammatory cytokine
[49–52]. Furthermore, angiotensin converting enzyme 2 recep-
tor, the receptor for SARS-CoV-2, is expressed on myocytes and
vascular endothelial cells [53,54] so there is at least theoret-
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cal potential possibility of direct cardiac involvement by the
irus.

Among COVID-19 related complications mortality was higher in
atient with ARDS, ICU admission and sepsis. Similarly, in a retro-
pective, multicenter cohort study from Wuhan, China, describing
91 laboratory-confirmed COVID-19 patients who had died by Jan
1, 2020, sepsis was the most frequently observed complication,
ollowed by respiratory failure, ARDS, heart failure and septic shock
15]. This was  also reported in USA national data [31], as the most
ommon acute complication was  acute respiratory failure (30.8%;

 = 19,960), followed by acute kidney failure (18.8%; n = 12,181) and
epsis (18.6%; n = 12,039). Sepsis has been a common complication,
hich might be directly caused by SARS-CoV-2 infection as several

eports indicated low prevalence of bacterial co-infection [55–57].
urther research is needed to investigate the pathogenesis of sepsis
n COVID-19 illness and the potential role of immunomodulating
herapies in sepsis.

The median LOS in the current study was  8 (4–15) days while in
hose that were admitted to ICU, their median LOS was longer, at
3 (9–21) days. The median total hospital LOS in the current study
as  longer than what was  previously reported 5 (2–10) days from
S national data [31,32].

In order to reduce COVID-19 mortality and in the absence of
ffective therapeutics and shortage in vaccines availability that can
horten or eliminate infectivity, successful control of SARS-CoV-2
ontinues to rely on early detection and isolation of symptomatic
ases and reducing the risk of transmission in pre-symptomatic
tage. This could only be accomplished through adopting public
ealth measures such as mask wearing, social distancing, cough
ntiquate, hand hygiene; and strategic testing of contacts and pop-
lations at high risk of exposing others. High quality research is
eeded to clarify the roles of the different transmission routes in
rder to suppress SARS-CoV-2 transmission and prevent morbidity
nd mortality. Accelerating the development of effective and safe
accines against COVID-19 and ensuring fair and equitable distri-
ution of the vaccines for all countries are important measures to
ombat the virus.

This study has several limitations. First, not all laboratory
arameters were collected, in particularly, in patients with mod-
rate COVID-19 illness, which potentially could underestimate
heir role. Second, hospital registry database did not include many
ther important clinical details such as other clinical co-morbidities
ncluding malignancy, procedures, and use of medications such
s antivirals, antimalaria, supplements, NSAIDs and ACE inhibitors
hat could have affected the outcomes. Third, due to the nature of
bservational studies, although adjusted analysis was performed
o control for patient and clinical characteristics, we could not
etect causal relationships between the assessed medications and

n-hospital mortality. Third, the in-hospital mortality rate reported
n this study was estimated in hospitalized patients, who had severe
nd critical COVID-19; thus, it might not reflect the mortality rate
n all patients with COVID-19. The overall mortality rate of COVID-
9 is likely to be lower when the mild or moderate cases are taken

nto account.

onclusion

In this cohort study of hospitalized patients with COVID-19
nfection, COVID-19 was associated with high ICU admission and
n-hospital mortality rates. The in-hospital mortality was associ-
ted with older age, liver disease, heart disease, ARDS, sepsis and

CU admission. Oman and its region are engulfed with various
on-communicable diseases including, obesity, diabetes, hyper-
ension and CKD that contribute significantly to the high mortality
mong hospitalized patients with COVID-19 infection. Vaccina-
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tion for COVID-19 should be prioritized based on the risk-groups
with significant in-hospital mortality. Appropriately addressing the
modifiable risk factors such as heart and liver diseases could reduce
morbidity and mortality due to COVID-19.
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