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Abstract

Background: The changing epidemiological profile of the COVID-19 pandemic and the uncertain clinical picture of
patients characterise this ongoing and most challenging health event.

Objectives: To report clinical features, laboratory characteristics, and mortality risk factors among COVID-19 patients
admitted to a secondary hospital in Oman.

Methods: A retrospective study for the first 455 patients admitted with COVID-19 to Rustaq hospital from 12th April,
2020 to 27th September, 2020. A predesigned questionnaire collected data from the hospital medical electronic
system.

Results: The mean age was 42.84 (SD=19.86) years, and the majority of patients were aged 30 to 59 and 60 or
above; 207 (45.5%) and 189 (41.5%), respectively. Male patients constituted approximately two-thirds of the subjects.
Fever, dyspnea and cough were the most common presenting symptoms (69%, 66%, and 62%, respectively), while
comorbidities with diabetes mellitus and hypertension were 47% and 44%, respectively. Bacterial growth was identi-
fied at approximately 10%. Bivariate analysis turned out to be significant with a number of factors. However, multi-
variate analysis showed significance with patients aged over 60 (OR=7.15,95% Cl 1.99-25.63), dyspnea (OR=2.83,
95% Cl 1.5-5.33), dyslipidemia (OR=1.93, 95% Cl 1.02-3.66) and being bed-ridden (OR=5.01,95% Cl 1.73-14.44).
Durations from onset of symptoms to admission and respiratory distress were lower among patients who died;
p=0.024 and p=0.001, respectively. Urea, Troponin and LDH may act as potential diagnostic biomarkers for severity
or mortality.

Conclusions: This study identified groups of patients with a higher risk of mortality, with severe disturbance in the
laboratory markers while some could act as potential diagnostic biomarkers.
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is a highly contagious disease that rapidly infected
many countries and was declared a pandemic on 11th
March 2020 (Cucinotta and Vanelli 2020). By 27th
October 2021, 244,385,444 people had been infected
and 4,961,489 lives had been lost globally; Oman had
304,217 positive cases and 4,111 deaths (WHO Coro-
navirus Disease (COVID-19), 2020).

COVID-19 patients may present in a wide range
of manifestations. However, according to estimates,
28-31% of infected patients are asymptomatic (Alene
et al. 2021). Studies have also shown that disease
severity correlates with several risk factors, especially
old age, male gender and other comorbidities, such as
hypertension, diabetes, chronic kidney disease, can-
cer and chronic liver disease (Gao et al. 2021). It was
also found that increased age, the neutrophil-to-lym-
phocyte ratio (NLR) and white blood cells count were
associated with higher COVID-19 mortality (Vafadar
Moradi et al. 2021). A meta-analysis study, however,
suggested to use serum levels of C-reactive protein,
interleukin-6, and D-dimer as risk stratification tools
to identify Covid-19 patients with poor clinical out-
comes (Suri et al. 2022). The mortality rate can also
double when patients develop hospital-acquired infec-
tions (HIAs) due to prolonged mechanical ventilation
and hospitalisation and the increased likelihood of
septic shock (Grasselli et al. 2021).

The changing clinical as well as epidemiological
characteristics of the Covid-19 virus has been reported
too. In an Italian study, the proportion of patients with
symptomatic infections and the need for hospitalisa-
tion among fully vaccinated individuals was higher
among those infected with Delta variant compared to
Alpha variant; Delta group showed odds of 3.08 (95%
CI 2.55-3.72), and 2.66 (95% CI 1.76-3.94), for symp-
tomatic infections and hospitalization, respectively
(Loconsole et al. 2021). At the same time, it remains
challenging to certainly know the long-lasting post
Covid-19 consequences. The need for oxygen therapy,
pre-existing hypertension, chronic pulmonary dis-
orders, and any comorbidity were found as the main
determinants of the persistent post-Covid-19 symp-
toms, in a study from Egypt (Galal et al. 2021).

This report adds the experience of the South Bati-
nah Governorate (SBG) to the existing literature. The
SB@G, which is the fourth most populated governorate
in Oman, was one of the first governorates to be hit
by the COVID-19 pandemic during the study period.
The study explores the initial presentation, time
course of symptoms, admission and discharge, clini-
cal characteristics and available laboratory parameters
for the first 455 patients admitted to the governorate’s
secondary hospital. Additionally, the study compares
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different variables with the survival and mortality out-
comes and suggests possible predictors of the likeli-
hood of death.

Methods

The SBG is the fourth most populated governorate in
Oman and has 466,424 inhabitants (eCensus Portal 2021).
It is divided into six wilayats (districts) with 21 primary
health institutions and two preventive medical centres.
The SBG is served by a 236-bed secondary hospital in
the Rustaq district. An isolation ward was designated for
COVID-19 cases, and its capacity was upgraded based
on the epidemiological situation. This study included
all patients who tested positive by real-time polymerase
chain reaction test (RT-PCR) and who were admitted to
the Rustaq hospital from the first case on 12th April 2020
up to 27th September 2020. The total number of patients
amounted to 455.

Data collection

Patients’ data underwent retrieval from the hospital’s
electronic medical system known as Al Shifa (a compre-
hensive electronic healthcare information management
system developed by the Ministry of Health-Oman).
Details of the COVID-19 test were obtained from
another surveillance platform of the Ministry of Health:
Tarassud, which is an electronic notification system of
communicable diseases. The information was then added
into an Excel electronic questionnaire categorised in
the following sections. The first section included demo-
graphic information and details on the dates of admis-
sion, the onset of symptoms, collection and release dates
of the COVID-19 test, dates of respiratory distress, inter-
vention and outcome. The second section focused on
data recording symptoms, comorbidities and vital signs
on admission. The third section focused on laboratory
and radiographic information, the medications and their
durations. The collection of data required comprehen-
sive searches of the patients’ electronic files and a solid
understanding of the clinical information and status of
the patients. Therefore, in this research, four medical
staffs were trained to collect the data, supervised by a co-
author medical doctor.

Laboratory testing

The hospital followed the case definitions approved by
the MOH: a suspected case of Covid-19 was defined as
a person with the acute respiratory syndrome (which
included the sudden onset of at least one of the following
symptoms: fever > 38 °C, cough, shortness of breath, sore
throat) and/or a person with pneumonia and/or a patient
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admitted with a severe acute respiratory infection (SARI)
or one who developed a SARI in hospital.

Nasopharyngeal and oropharyngeal swabs were col-
lected and kept in containers filled with a viral transport
medium (VTM) solution. All swabs were sent to central
public health laboratories (CPHL) for real-time PCR
before April 21st 2020. After that, a new system to test
for SARS COV-2 was installed in Rustaq Hospital Labo-
ratory. It is a GeneXpert system XVI-8 which works as a
second-generation molecular PCR programme. This sys-
tem is fully automated and uses a consumable cartridge
containing all required reagents to run a single sample
test. It was developed to detect the E gene and the N2
gene specific to the SARS COV-2 virus. Numerous stud-
ies compared this system with conventional RT PCR and
reported a pronounced concordance (Vaz et al. 2021).

As for the suspicion criteria to screen for bacteria,
there was no written protocol. However, patients were
screened based on clinical judgment which basically
included admission to intensive care unit, increased
in white blood cells and unexpected worsening in the
clinical condition. Blood sample was collected into BD
aerobic and anaerobic blood culture bottles using sterile
blood collection steps. Samples were incubated inside BD
BACTEC Instrumented blood culture system machine
for 24 to 120 h and if the bacterial growth was detected,
the samples were processed by manual rapid bacterial
identification and susceptibility testing system (Advanc-
ing the world of health | BD 2021). The DxC Beckman
Coulter 700 AU was used to run the biochemistry analy-
sis (Beckman Coulter Diagnostics 2021).

Statistical analysis

The IBM SPSS 23.0 (IBM CorpArmonk, New York USA)
programme organised, tabulated and analysed the data.
The numerical information was presented as mean and
standard deviation, while the categorical information was
presented as numbers and percentages. The student t-test
found the mean differences of the laboratory parameters
between discharged and dead patients. A Receiver Oper-
ating Characteristic (ROC) curve in SPSS identified lab
parameters to help predict in-hospital mortality and their
cut-off values. Kaplan—Meier survival curves compared
the survival rate for patients by the log-rank test. Odds
ratios (OR) and related 95% confidence intervals (95%
CI) were calculated using bivariate and multivariable
analyses (unconditional binary logistic regression). Only
statistically significant covariates in the bivariate analy-
ses formed part of the multivariable model. The p value
adopted was p <0.05.
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Ethical consideration

The study received ethical approval from the Research
and Ethical Review & Approve Committee at SBG on
13th July 2020. The research code is 01072020. The per-
sonal data, medical investigations and outcomes under-
went anonymous collection and analysis.

Results

This analysis included 455 patients admitted from 12th
April 2020 to 27th September 2020, of which 112 (24.6%)
have died. The majority of patients, 207 (45.5%), were
aged 30 to 59, compared to 189 (41.5%) aged over 60,
with a mean age of 52.84 (SD=19.86). Approximately
two-thirds of admitted patients were males, and the
predominant nationality was Omani; 409 (90%). The
study featured 275 (60.4%) patients admitted for a dura-
tion less than six days, with an average stay of 7.32 days
(SD=10.54); 85 (18.7%) patients were intubated. Fever,
dyspnea and cough were the three most common pre-
senting symptoms (69%, 66% and 62%, respectively).
They were followed by gastrointestinal symptoms (24%),
bodyache (16%) and fatigue (11%), while only approxi-
mately 5% of patients experienced sore throat and diz-
ziness. Less than 4% had headache, ageusia, insomnia
and runny nose. Diabetes mellitus (DM) and hyperten-
sion were the most common comorbidities (47% and
44%, respectively), followed by cardiac diseases (20%)
and dyslipidemia (16%). Other conditions, including res-
piratory, neurological, renal, haematological and malig-
nancy, accounted for less than 10%. Additionally, 5.7% of
patients were bed-ridden. Out of 221 patients who had
their dates of onset available, approximately 58% were
admitted within five days or less after they developed
symptoms. Of the 147 patients who had growth culture
tests, 47 came back positive. Coagulase-negative Staph-
ylococcus was the predominant bacterial strain, repre-
senting approximately 23%, followed by Pseudomonas
aeruginosa (10%), Acinetobacter Baumannii (10%) and
Klebsiella Pneumonia (8%).

The bivariate analysis was positive for numerous fac-
tors, including age, dyspnea, hypertension, dyslipidemia,
being bed-bound, renal diseases and positive culture
growth. Taking patients aged less than 30 as a refer-
ence, the likelihood of death had significantly increased;
(OR=3.80, 95% CI 1.12-12.83) and (OR=12.01, 95%
CI 3.63-39.79) among patients aged 30 to 59 and 60 or
above, respectively. In terms of symptoms, only dyspnea
had a significant association, showing odds ratios of 2.66,
95% CI 1.59-4.44, compared to those with no breath-
ing issues. Similarly, the death likelihood increased for
those with hypertension (OR=2.05, 95% CI 1.33-3.17),
dyslipidemia (OR=2.31, 95% CI 1.37-3.92), cardiac
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diseases (OR=1.75, 95% CI 1.05-2.92), renal diseases
(OR=2.24, 95% CI 1.07-4.70) and those who are bed-
bound (OR=5.55, 95% CI 2.44-12.63). However, with
regards to the multivariate analysis, the following factors
demonstrated a significant association: being aged over
60 (OR=7.31, 95% CI 2.08-25.70), dyspnea (OR=2.91,
95% CI 1.65-5.12), dyslipidemia (OR = 1.93, 95% CI
1.02-3.66); 0.044), and being bed-ridden (OR =3.49, 95%
CI 1.42-8.57) (Tables 1 and 2).

Of the 23 laboratory tests that compared survivors and
non-survivors, 15 tests showed significant differences.
For example, patients who died had increased white
blood cell (WBC) and neutrophil counts, C-reactive pro-
tein (CRP), Urea, Lactate dehydrogenase (LDH) and Ala-
nine aminotransferase (ALT) compared to patients who
were discharged (p <0.001). The same holds true for other
laboratory parameters, including Creatinine (p =0.003),
Troponin (p=0.002) and Ferritin (p=0.021). Among
the respiratory system function indicators, the mean of
PCO2 and FiO2 proved to be higher among those who
died compared to the discharged patients; p=0.032
and <0.001, respectively. The discharged patients, how-
ever, had higher SpO2 and lower respiratory rates on
admission (p<0.001 and p=0.006, respectively). PaO2/
FiO2 was also higher among the discharged patients
(p=0.001). The duration between the onset of symptoms
and the admission and respiratory distress dates were
lower among those who died: p=0.024 and p=0.001,
respectively (Table 3).

The Kaplan—Meier survival curves showed a significant
lower survival rate in patients who received the following
medications for less than five days: Steroidal therapy iv
(p=0.002), Hydroxychloroquine (p =0.026), Piperacillin/
Tazobactam (p<0.001), Lopinavir/Ritonavir (p=0.008),
Azithromycin p=(0.031), Ceftriaxone (p=0.002) and
Meropenem (p <0.001) (Fig. 1).

The areas under the ROC (AUC) of Urea, Troponin and
LDH amounted to 0.841, 0.742 and 0.817, respectively,
while the optimal cut-off values reached respective fig-
ures of 9.02, 21.15, and 514.25 (Fig. 2). Other laboratory
parameters could not be used as a potential diagnostic
biomarker for analysis because the AUC was less than
0.73 (Table 4).

Discussion

This study described the clinical profile and outcome of
patients admitted with SARS-CoV-2 infection in one of
the principal MOH hospitals in SBG in Oman. To the
best of the researchers’ knowledge, this study is the first
of its kind to focus on hospitalised patients infected with
SARS-CoV2 in SBG, which represents one of the earli-
est governorates affected by COVID-19. The research-
ers reported a similar pattern of presentations among
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patients, with a short duration from onset until admis-
sion. A significant proportion of patients had other
comorbidities, primarily DM and hypertension. How-
ever, mortality showed a marked association with certain
comorbidities, but the most significant was old age and
patients who had dyspnea or dyslipidemia or were bed-
bound, with a pronounced disturbance in the laboratory
parameters. Urea, LDH and troponin may act as poten-
tial predictors for COVID-19 mortality.

Two-thirds of admitted patients were males, similar to
other studies showing male predominance (Wang et al.
2020; Gupta et al. 2020; Kumar et al. 2020; Huang et al.
2020a; Rivera-Izquierdo et al. 2020; Borghesi et al. 2021;
Hasan et al. 2020; Chen et al. 2020; Guan et al. 2020;
Grasselli et al. 2020; Grasselli et al. 2021). Various expla-
nations for such circumstances include increased out-
door activity, higher levels of angiotensin-converting
enzymes in males and a high density of immune-related
genes and regulatory elements in X chromosomes exten-
sively involved in immune responses (Schurz et al. 2019;
Sama et al. 2020).

Fever, dyspnea and cough represented the three most
common symptoms in the patients. Other studies have
reported similar presentations. For instance, a ter-
tiary care hospital in North India (Bhandari et al. 2020)
reported cough (85.71%), fever (78.57%) and myalgia
(64.28%), while fever (77%), cough (54%) and shortness
of breath (20.8%) comprised the most common symp-
toms in another Indian study (Soni et al. 2021). Fever and
cough were the most prevalent symptoms (46.3% and
29.5%, respectively) in another study from Oman (Bal-
ushi et al. 2020), where 7% of patients were hospitalised.
The symptom profile depends upon the day of illness,
stage of the disease and the characteristics of the study
cohort, such as hospitalised patients, non-hospitalised
patients and patients admitted in the critical care unit.

The majority of patients (58%) were admitted within
five days of the onset of symptoms. Other studies
revealed similar findings, wherein the mean time between
the onset of symptoms and hospitalisation amounted to
less than four days (Feng et al. 2009; Patel et al. 2021).

Common comorbidities seen in the patients include
DM (47%), hypertension (44%), cardiac diseases (20%)
and dyslipidemia (16%). A study from Oman reported
DM (32%), hypertension (32%) and chronic heart and
renal diseases (12.8%) as common comorbidities in their
patient population (Khamis et al. 2020). Similarly, a study
from Ethiopia revealed DM (48.9%), followed by hyper-
tension (27%) and HIV/AIDS (17.6%) in their popula-
tion (Sultan et al. 2021). The presence of co-morbidities
depends upon the prevalence of various diseases in that
geographical area and the predominant age group of
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Table 1 Patient characteristics, unadjusted and adjusted odds ratios and 95% confidence intervals for the likelihood of death

All patients Discharged Death Unadjusted OR (95% Adjusted OR (95% CI); p
Cl); p value value
455 343 112
Age
<30 years 13%, 59/455 56,16.3% 3,2.7% Reference Reference
30-59 years 45.5%, 207/455 172,50.1% 35,31.3% 3.80(1.13-12.83);0.032 2.5(0.71-8.82); 0.153
> 60 years 41.5%, 189/455 115,33.5% 74,66.1% 12.01 (3.63-39.79); <0.001 7.15(1.99-25.63); 0.003
Nationality
Omani 89.9%, 409/455 308, 89.9% 101, 90.2% 1.04 (0.511-2.130); 0.907 N/A
Non-Omani 10.1%, 46/455 35,76.1% 11,9.8% Reference N/A
Gender
Male 65.9%, 300/455 233,65% 77,68.8% 1.18 (0.75-1.87); 0.469 1.52(0.89-2.61);0.129
Female 34.1%, 155/455 120, 77.4% 35,31.3% Reference Reference
Symptoms
Fever 69%, 314/455 234, 68.2% 80, 71.4% 1.17(0.73-1.86); 0.524 1.17 (0.68-2.01); 0.583
Dyspnea 65.5%, 298/455 208, 60.6% 90, 80.4% 2.66 (1.59-4.44); <0.001 2.83(1.5-5.33); 0.001
Cough 62.2%, 314/455 90, 60.9% 74,66.1% 1.25(0.80-1.95); 0.331 0.89 (0.51-1.52); 0.66
Gl Symptoms 23.5%, 107/455 86, 25.1% 21,18.8% 0.69 (0.40-1.18); 0.172 0.94 (0.51-1.73);0.84
Bodyache 16.3%, 74/455 54,15.7% 20,17.9% 6 (0.66-2.05); 0.599 1.11(0.55-2.22);0.772
Fatigue 11.4%, 52/455 40,11.7% 12,10.7% (0 46-1 80) 0.784 1.07(0.47-2.45); 0.877
Sore throat 5.5%, 25/455 21,6.1% 4,3.6% 0.57 (0.1 69); 0 1.2 (0.36-4.06); 0.768
Dizziness 5.1%, 23/455 17,5.0% 6,5.4% 1.09 (0 42-2.82);0.867 1.36 (0.46-4.02); 0.576
Headache 3.5%, 16/455 14,4.1% 2,1.8% 043 (0.01-1.91); 0.266 044 (0.09-2.21);0.317
Ageusia 1.5%, 7/455 7,2.0% 0 0.199 (0.011-3.52); 0.271 0;0.999
Inosmia 1.3%, 6/455 6,1.7% 0 0.23(0.013-4.13);0.319 0;0.999
Runny nose 0.7%, 3/455 3,0.9% 0 0.43 (0.02-8.44); 0.580 0;0.999
Comorbidities
HTN 43.7%, 199/455 135, 39.4% 64,57.1% 2.05(1.33-3.17); 0.001 0.88 (0.5-1.56); 0.673
DM 46.6%, 212/455 151,44% 61,54.5% 1.52(0.99-2.33); 0.055 1.13(0.68-1.87); 0.649
DLP 16.3%, 74/455 45,13.1% 29,25.9% 2.31(1.37-3.92); 0.002 1.93 (1.02-3.66); 0.044
Respiratory 6.4%, 29/455 19,5.5% 10, 8.9% 1.67 (0.75-3.71);0.207 1.66 (0.66-4.17); 0.284
Cardiac 18.9%, 86/455 57,16.6% 29,25.9% 1.75(1.05-2.92); 0.031 0.822 (0.43-1.56); 0.547
Hematological 19, 14/455 11,32% 3,2.7% 0.83 (0.23-3.03);0.779 1.577 (0.36-6.78); 0.549
Neurological 9.0%, 41/455 31,9.0% 10, 8.9% 0.99 (0.47-2.08); 0.99 0.531(0.204-1.38); 0.194
Bed ridden 5.7%, 26/455 10,2.9% 16, 14.3% 5.55(2.44-12.63); <0.001 5.01(1.73-14.44); 0.003
Renal prob 7.0%, 32/455 19,5.5% 13,11.6% 2.24 (1.07-4.70); 0.033 1.84 (0.78-4.37);0.167
Malignancy 1.8%, 8/455 4,1.2% 4,3.6% 3.14(0.77-12.76) 1.99 (0.42-9.32); 0.385
Bacterial growth
Growth 32%,47/147 9,11% 38,58.5% 11.42 (4.88-26.71); <0.001 N/A
No growth 68%, 100/147 73,89% 27,41.5% Reference N/A
Duration form onset to admission
<5days 57.7%, 128/222 92, 54.8% 36, 66.7% Reference N/A
> 6 days 42.3%, 94/222 76,45.2% 18,33.3% 0.61(0.32-1.15); 0.125 N/A
G6PD
Deficiency 6.1,18/69 16, 30.8% 2,11.8% 0.3 (0.06-1.47);0.137 N/A
Normal activity 73.9,51/69 36,69.2% 15, 88.2% Reference N/A

Hospital stay
<6days
> 6 days
Intubated patients

Mean (SD): 7.32 (10.54), 1Q (2-9)

275 (60.4%)
180 (39.5%)
85)18.7%)

Bold indicates statistically significant
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Table 2 Positive culture growths of 47 patients hospitalised with
COVID19

Blood ETtube Others® Total

Coagulase-negative Staphylococcus 20 20
Enterococcus Faecium
Gram-negative bacilli
Gram-positive bacilli
Klebsiella Pneumoniae
MDR Acinetobacter

Methicillin-resistant Staphylococcus
Aureus

SO N N O O O O
N — O O O — O

3
2
1
3
1
2

N L S

Pseudomonas Aeruginosa
ESBL-producing E coli
Stenotrophomonas Maltophilia
Acinetobacter Baumannii
Burkholderia Pseudomallei
Ecoli

N O O O O N W
0 — — 00 W — O
- O O — O O O
- = = OV W W O

Candida (albicans, tropicalis, rugosa,
etc.)

(@}
w

Streptococcus (Pyogenes, Group D, 4
etc.)

Staphylococcus (Aureus, etc.) 1 2 0 3
Total 44 37 6 87

Statistically significant was shown in bold

2 Sputum, throat, urine and rectal

patients affected with COVID-19, as the risk of hyperten-
sion and DM increases as people’s ages advance.

This study revealed the likelihood of increased risk
of death among elderly people, patients who presented
with dyspnea and those with hypertension, dyslipi-
demia, cardiac diseases and renal diseases, and were
bed-ridden. However, dyspnea, bed-ridden status, dys-
lipidemia and over 60 of age only remained significant
in multivariate assessments. Since it is a retrospective
study, the researchers could not assess the importance
of obesity in the patients because most medical records
lacked data regarding body mass index (BMI). A simi-
lar study from Oman showed DM’s association with a
higher mortality rate, whereas in this study’s cohort,
the researchers did not find a significant association
of mortality with DM (Khamis et al. 2020). A meta-
analysis showed DM correlated with disease progres-
sion, increased severity and mortality with COVID-19
(Huang, Lim and Pranata 2020a, b). Potentially, the
limited ability to defend microorganisms due to high
blood glucose increases the risk of rapid progression of
infections. The researchers believe that such a situation
occurs because of a weak immune system and cytokine
storm, and subsequent complications were less robust
in people with poorly controlled DM. Additionally, the
researchers hope that further well-structured studies
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will focus on this controversial aspect of the relation-
ship between diabetes and COVID-19 mortality.

However, in line with this research’s findings, a sub-
stantial population-based study from Oman found that
patients over 60 faced a higher risk of ICU admission
and death (Al Wahaibi et al. 2021). Other comorbid
conditions included BMI>40, chronic kidney disease
and chronic lung diseases (Al Wahaibi et al. 2021).
Likewise, it was proved in previous studies that dyslipi-
demia is associated with higher severity and mortality
of covid-19 (Atmosudigdo et al. 2021; Liu et al. 2021).

A previous study concluded that COVID-19 mortality
can be attributed to the virus-activated “cytokine storm
syndrome” or fulminant myocarditis (Ruan et al. 2020).

In this study, increased white blood cell and neutrophil
counts, a rise in CRP, Urea, LDH, ALT, Creatinine, Tro-
ponin, total bilirubin and Ferritin bore a positive asso-
ciation with mortality. The high mean of PCO2 and FiO2
was also linked with increased risk of mortality. Other
studies showed worse outcomes in COVID-19 patients
with lymphocytopenia, hypoalbuminemia, elevated levels
of aspartate aminotransferase (AST), ALT, total bilirubin,
LDH, Creatinine and D-dimer (Chen et al. 2020; Feng
et al. 2009; Huang et al. 2021). Lymphocytopenia occurs
due to damage of the cytoplasmic component of the
lymphocyte by SARS-CoV-2 viral particles, resulting in
its necrosis or apoptosis (Gu et al. 2005). High values of
inflammatory markers, such as CRP, correspond to poor
prognosis (Khamis et al. 2020; Wang et al. 2020; Soni
et al. 2021). LDH is secreted into the extracellular space
when the cell membrane is damaged, and high LDH indi-
cates lung injury in patients with COVID-19 pneumonia
(Drent et al. 1996). In accordance with this study’s find-
ings, other studies found that Troponin, Urea and LDH
act as possible predictors for the severe outcome of
COVID-19 infection (Hachim et al. 2020; Ozyilmaz et al.
2020; Zhou et al. 2020; Huang et al. 2021; Zhang et al.
2021). Since the comparisons predicted mortality, the
cut-off values in this study were markedly higher. Other
laboratory parameters predicted the poor prognosis of
COVID-19 infection, such as the Neutrophil-to-lympho-
cyte ratio (NLR), score based on the neutrophil, lympho-
cyte and platelet counts (NLP score), lymphocyte-to-CRP
ratio (LCR), interleukin-6, D-dimer and high-sensitivity
CRP (Ahmeidi et al. 2020; Lagunas-Rangel 2020; Zheng
et al. 2020). Another study has also identified low Hb,
procalcitonin (PCT) and CT score on admission as mor-
tality predictors (Zhang et al. 2021).

Bacterial growth was identified in approximately 10%
of the admitted patients. Among the positive cultures,
the Coagulase-negative Staphylococcus represented the
most predominant strain, followed by Pseudomonas
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Table 3 Comparison of Laboratory parameters, vital signs and respiratory function indicators and outcome of hospitalised patients

with COVID19
Lab test, units Normal range Death Discharged p value
N, % Mean +SD N, % Mean +SD
WBC count, 10°/L 4-11 112,248 9.54+6.77 340,75.2 711£3.77 <0.001*
Neutrophils, per cmm 2-75 112,248 7.77+£631 340,75.2 520+£346 <0.001*
Lymphocytes, per cmm 1.5-4.5 112,248 1.13£0.71 340,752 1.30£0.77 0.039*
Eosinophils, per cmm 0.0-04 112,248 0.02+£0.08 340,75.2 0.03£0.07 0.232
Basophils, per cmm 0.0-0.1 112,249 0.05+0.05 338,75.1 0.06+0.14 0.525
Platelet count, 10%/L 150-450 112,248 22543+£105.94 340,75.2 234.08+100.07 0434
Hemoglobin, g/dL 11.5-16.5 112,248 1225+£251 340,75.2 12,67 £2.06 0.074
CRP, mg/L 0-5 106, 25.3 153.70+£97.73 313,747 110.15+£88.64 <0.001*
Serum Urea, mmol/L 25-75 112,257 19.80+14.04 324,743 6.97£6.21 <0.001*
Serum sodium, mmol/L 136-146 112,257 137.18+£9.27 324,743 13510+£442 0.002*
Serum creatinine, pg/L 45-100 112,257 147.66£190.67 324,743 98.54+132.10 0.003*
eGFR, ml/min/1.73m? >90 111,266 445343125 306,734 77.88£21.75 <0.001*
Troponin, pg/ml 0-14 94,294 25348495545 226,706 4554+167.142 0.002*
LDH, U/L 240-480 105,299 1042.17£2418.38 246, 70.1 429.58+18,503 <0.001*
Ferritin, pg/L 18-323 102,29.6 257226 +5558.68 243,704 1532.26+2763.93 0.021*
Glucose, mmol/L <1 69,315 15.27+£645 150,685 13.09+7.06 <0.030*
D-dimer, pg/mL 0-0.5 17,19.1 202+£2.17 72,80.9 216+£697 0.934
Serum lactate, mmol/L 05-2.2 27,519 2154091 25,48.1 1.83+0.901 0210
INR 2-4 60, 34.7 1.25£0.302 113,653 143£1.92 0457
Corrected calcium,mmol/L 21-26 59,415 22640.14 83,585 2274012 0.869
ALT, IU/L 0-40 109, 26.2 21490476743 307,73.8 52.61+82.81 <0.001*
Total bilirubin, mmol/L 3-17 109, 26.2 17.03£16.95 307,73.8 1349+£15.84 0.049*
Albumin, g/L 35-50 109, 26.1 2851+5.18 308,73.9 35224+17.22 <0.001*
pH 7.35-745 76,644 733+0.122 42,356 7.37+£0.104 0.062
pCO2, mmHg 35-45 76,65.5 44.62£21.05 40, 34.5 36.96+9.76 0.032*
pO2, mmHg 80-100 74,64.3 66.13£30.12 41,357 72.64+40.13 0328
HCO3, mmol/L 22-26 64, 68.1 23284549 30,319 24324504 0.381
FiO2, % - 86,57.0 79.7£23.77 65,43.0 53.0+£23.06 <0.001*
PaO2/Fi02 >400 71,657 89.53+£61.82 37,343 140.61£88.13 0.001*
Baseline QT interval, ms <430(M), <450(F) 21,226 44990427.72 72,774 4463812756 0.607
Temp, °C - 96,25.0 3735+092 288,75.0 3744+£093 0458
Sp02, % 95-100 112,246 81.23+1344 343,754 90.98+7.67 <0.001*
sBP, mmHg - 110, 25.1 130.89+£2249 329,749 131.25+£21.84 0.884
dBP, mmHg - 110, 25.1 74.82+£14.60 328,749 76.88+12.35 0.149
Pulse, bpm - 103,26.5 96.2+1842 285,735 96.06 £19.10 0.692
Respiratory rate, rom - 44,29.1 2939£12.37 106,70.9 25.00£6.92 0.006*
Duration from symptoms onset  Days 54,243 45442951 168,75.7 6.09+4.74 0.024*
to admission date
Duration from symptoms onset  Days 54,329 4244318 110, 76.1 6.73+£5.00 0.001*

to respiratory distress

*Significant result

Aeruginosa and Acinetobacter Baumannii. A high per-
centage of coagulase-negative Staphylococcus, primarily
Staphylococcus Epidermidis, can result from contamina-
tion during the blood sampling process. A retrospective
study showed that patients with COVID-19 have lower

bacteremia rates than controls, and the contamination
rate of blood culture is high (Sepulveda et al. 2020; Yu
et al. 2020), which questions the routine use of antibiot-
ics in people with COVID-19. Meanwhile, another study
found no significant difference in antibiotic use between
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survivors and non-survivors (Zhang et al. 2021). There-  with other international studies. An early Chinese study
fore, if this study excludes contamination, the findings showed that the incidence of bacterial co-infection/
would show that Pseudomonas Aeruginosa and Acineto-  superinfection was 7.7% (Zhang et al. 2020). Research
bacter Baumannii are the most common causes of super-  in the UK involving more than 800 admitted patients
infection and the rate of bacterial infection is comparable  found a low co-infection rate of approximately 3%, but

superinfection amounted to more than 6% (Hughes et al.
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Fig. 2 ROC curves used to suggest possible laboratory predictors for
COVID 19 mortality
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2020). It also revealed that Pseudomonas Aeruginosa was
the most common pathogen causing late-onset infec-
tion. Charles Feldman and Ronald Anderson published
an extensive review about co-infection in patients with
COVID-19. They concluded that patients with co-infec-
tion and superinfection have poorer outcomes (Feldman
and Anderson 2021).

Although this study does not assess the therapeu-
tic benefits of different medications, the significantly
lower survival rate seen with various medications,
such as intravenous steroids, indirectly indicates that
these medications are usually administered to patients
with severe or critical diseases. However, the survival
rate was better among those treated for more than five
days. A study showed the use of corticosteroid within
the first seven of admission among patients hospital-
ised with COVID-19 pneumonia reduced mortality
and decreased transfers to the ICU without an asso-
ciated increase in bacteremia or fungemia (Ho et al.
2021).

This research has several limitations. Firstly, due to
this being a retrospective study, the researchers could
not obtain comprehensive data due to incomplete
medical records. Secondly, being a hospital-based
study, referral bias influenced the outcome. Thirdly,
the small sample size could have affected the statisti-
cal significance of important parameters, and similarly
for the incomplete data, especially for G6PD status.
Fourthly, as there are other hospitals in the region, this
study encompasses only a limited proportion of the
population affected with COVID-19. Fifthly, patients
transferred from the hospital to other tertiary care
centres because of a lack of facilities or hospital beds,
were not included in the study. Finally, this study is a
single centre study, meaning the findings may not be
generalised.

Conclusions

The researchers present data for the first 455 admit-
ted patients in a secondary hospital in SBG during the
first wave of the pandemic. Fever, dyspnea and cough
represented the most common presenting symptoms.
Patients with hypertension, dyslipidemia, cardiac dis-
eases and renal diseases had higher odds of COVID-19
mortality, whereas patients over 60, or with dyspnea or
bed-ridden showed more pronounced risk factors for
mortality on multivariate analysis. Moreover, numerous
laboratory parameters correlate with bad prognosis,



Almayahi et al. Bulletin of the National Research Centre (2022) 46:139

Page 10 of 12

Table 4 Areas under the ROC (AUC) for a number of laboratory parameters

Test Result Variable(s) Missing Area Std. Error Asymptotic Sig Asymptotic 95% Confidence Interval
Lower Bound Upper Bound
WBC 3 0.611 0.032 <0.001 0.549 0.674
Platelet 3 0463 0.032 0.245 0.400 0527
Neutrophils 3 0.631 0.032 <0.001 0.569 0.693
Lymphocytes 3 0413 0.033 0.006 0.349 0477
Eosinophils 3 0421 0.030 0.012 0.362 0479
Basophils 5 0.496 0.032 0.907 0433 0.559
Hemoglobin 3 0.454 0.033 0.140 0.390 0517
C- reactive protein 36 0.638 0.030 <0.001 0.579 0.697
Urea 19 0.841 0.023 <0.001 0.796 0.887
Sodium 19 0573 0.037 0.022 0.500 0.646
Creatinine 19 0.639 0.031 <0.001 0579 0.700
eGFR 38 0213 0.028 <0.001 0.158 0.267
Troponin 135 0.742 0.031 <0.001 0.682 0.803
LDH 104 0.817 0.026 <0.001 0.766 0.868
Ferritin 110 0615 0.033 0.001 0.551 0678
Glucose 236 0.612 0.040 0.008 0.535 0.690
d-dimer 366 0.728 0.057 0.004 0616 0.841
Lactate 403 0.625 0.080 0.122 0.469 0.782
INR 282 0.637 0.045 0.003 0.550 0.725
Corrected calcium 313 0.503 0.050 0.950 0405 0.601
ALT 39 0.636 0.032 <0.001 0574 0.698
Total bilirubin 39 0.557 0.034 0.077 0490 0.624
Albumin 38 0212 0.024 <0.001 0.164 0.259
NLR 3 0.665 0.031 <0.001 0.605 0.725
PLR 3 0.562 0.034 0.050 0495 0628
LCR 36 0.654 0.031 <0.001 0.593 0.715
Area Asymptotic Sig Asymptotic 95% confidence interval Sensitivity 1-Specificity Cut-off value
Lower Bound Upper Bound
Urea 0.841 <.001 0.796 0.887 0.777 0.192 9.015
Troponin 0.742 <.001 0.682 0.803 0.713 0314 21.15
LDH 0.817 <.001 0.766 0.868 0.781 0.273 514.25

whereas Urea, LDH and troponin may be used to pre-
dict COVID-19 mortality. Further prospective stud-
ies should address the different characteristics of the
infected patients and determine the best therapeutic
modalities.

Abbreviations

ALT: Alanine aminotransferase; AST: Aspartate aminotransferase; BMI: Body
mass index; CPHL: Central public health laboratories; CRP: C-reactive protein;
DM: Diabetes mellitus; HIAs: Hospital-acquired infections; LCR: Lymphocyte

to CRP ratio; LDH: Lactate dehydrogenase; NLP score: Neutrophil, lympho-
cyte and platelet counts; OR: Odds ratios; PCT: Procalcitonin; ROC: Receiver
operating characteristic; RT-PCR: Real-time polymerase chain reaction; SARS-
CoV-2: Severe acute respiratory syndrome coronavirus-2; SBG: South Batinah
Governorate; SD: Standard deviation; VTM: Viral transport medium; WBC: White
blood cell.

Acknowledgements

We would like to express our deepest appreciation to all our colleagues in

the General Directorate of Health Services in South Batinah Governorate, who
have made great efforts in both clinical management and preventive meas-
ures during the COVID19 pandemic. We wish such collaboration, cooperation,
understanding, team work and union of health efforts always continue and
flourish!

Author contributions

ZKA devised the project, the main conceptual ideas, research design, and
project outlines. ZKA, RAV, KA and SA developed the questionnaire. ZKA
supervised the whole project stages. ZKA performed computations, analytical
methods & data interpretation. RA, AS, MA, AA managed data collection. ZKA
and SMA assisted in data collection and verification of data. ZKA, and RAV
wrote the initial draft. SA revised the draft. ASA added the laboratory section
in Methodology. All authors read and approved the final manuscript.

Funding
This study did not receive any fund.



Almayahi et al. Bulletin of the National Research Centre (2022) 46:139

Availability of data and materials
The datasets used and/or analysed during the current study are available from
the corresponding author on reasonable request.

Declarations

Ethics approval and consent to participate

Approved by the Research and Ethical Review and Approval Committee,
Directorate Planning and Studies at the South Batinah Governorate. The
research code is 01072020.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Author details

'Disease Surveillance and Control Department, Ministry of Health, PO.

Box 543, PC 329 Rustaq, South Batinah Governorate, Oman. 2Internal Medicine
Department, Bader Al Samaa Hospital, Barka, Oman. *Laboratory Department,
Rustaq Hospital, Ministry of Health, Rustag, Oman. “Anesthesia Department,
Rustaq Hospital, Ministry of Health, Rustag, Oman.

Received: 21 February 2022 Accepted: 4 May 2022
Published online: 16 May 2022

References

Advancing the world of health | BD (no date). https://www.bd.com/en-us
Accessed 12 Mar 2022.

Ahmeidi AA et al (2020) Inflammatory markers as predictors of mortality in
COVID-19 infection. Afr J Lab Med 9(1):1298. https://doi.org/10.4102/ajlm.
v9i1.1298

Al Wahaibi A et al (2021) COVID-19 disease severity and mortality determi-
nants: a large population-based analysis in Oman. Travel Med Infect Dis
39:101923. https://doi.org/10.1016/j.tmaid.2020.101923

Alene M et al (2021) Magnitude of asymptomatic COVID-19 cases throughout
the course of infection: a systematic review and meta-analysis. PLoS ONE
16(3):€0249090. https://doi.org/10.1371/journal.pone.0249090

Atmosudigdo IS et al (2021) Dyslipidemia increases the risk of severe COVID-
19: a systematic review, meta-analysis, and meta-regression. Clin Med
Insights Endocrinol Diabetes 14:1179551421990675. https://doi.org/10.
1177/1179551421990675

Balushi LA et al (2020) Epidemiological characteristics of COVID-19 confirmed
cases in Muscat Governorate, Sultanate of Oman. Open J Epidemiol
11(1):56-69. https://doi.org/10.4236/0jepi.2021.111006

Beckman Coulter Diagnostics . https://www.beckmancoulter.com/. Accessed
12 Mar 2022.

Bhandari S et al (2020) Clinical profile of Covid-19 infected patients admit-
ted in a tertiary care hospital in North India. J Assoc Physicians India
68(5):13-17

Borghesi A et al (2021) Radiographic severity index in COVID-19 pneumonia:
relationship to age and sex in Italian patients. Radiol Med. https://doi.org/
10.21203/rs.3.rs-19498/v2

Chen N et al (2020) Epidemiological and clinical characteristics of 99 cases of
2019 novel coronavirus pneumonia in Wuhan, China: a descriptive study.
Lancet (london, England) 395(10223):507-513. https://doi.org/10.1016/
S0140-6736(20)30211-7

Cucinotta D, Vanelli M (2020) WHO declares COVID-19 a pandemic. Acta Bio-
Medica Atenei Parmensis 91(1):157-160. https://doi.org/10.23750/abm.
v91i1.9397

Drent M et al (1996) Usefulness of lactate dehydrogenase and its isoen-
zymes as indicators of lung damage or inflammation. Eur Respir J
9(8):1736-1742

eCensus Portal (2021). https://portal.ecensus.gov.om/ecen-portal/. Accessed
20 Feb 2021.

Page 11 of 12

Feldman C, Anderson R (2021) The role of co-infections and secondary infec-
tions in patients with COVID-19. Pneumonia 13(1):5. https://doi.org/10.
1186/541479-021-00083-w

Feng D et al (2009) Duration of symptom onset to hospital admission and
admission to discharge or death in SARS in mainland China: a descrip-
tive study. Tropical Medicine & International Health: TM & IH 14(Suppl
1):28-35. https://doi.org/10.1111/}.1365-3156.2008.02188.x

Galal I et al (2021) Determinants of persistent post-COVID-19 symptoms: value
of a novel COVID-19 symptom score. Egypt J Bronchol 15(1):10. https://
doi.org/10.1186/543168-020-00049-4

GaoY et al (2021) Risk factors for severe and critically ill COVID-19 patients: a
review. Allergy 76(2):428-455. https://doi.org/10.1111/all.14657

Grasselli G et al (2020) Baseline characteristics and outcomes of 1591 patients
infected with SARS-CoV-2 admitted to ICUs of the Lombardy Region, Italy.
JAMA 323(16):1574-1581. https://doi.org/10.1001/jama.2020.5394

Grasselli G et al (2021) Hospital-acquired infections in critically ill patients with
COVID-19. Chest 160(2):454-465. https://doi.org/10.1016/j.chest.2021.
04.002

Gu J et al (2005) Multiple organ infection and the pathogenesis of SARS. J Exp
Med 202(3):415-424. https://doi.org/10.1084/jem.20050828

Guan W et al (2020) Clinical characteristics of coronavirus disease 2019 in
China. N Engl J Med 382(18):1708-1720. https://doi.org/10.1056/NEJMo
22002032

Gupta N et al (2020) Clinical and epidemiologic profile of the initial COVID-19
patients at a tertiary care centre in India. Monaldi Arch Chest. https://doi.
0rg/10.4081/monaldi.2020.1294

Hachim MY et al (2020) D-dimer, troponin, and urea level at presentation
with COVID-19 can predict ICU admission: a single centered study.
Front Med 7:949. https://doi.org/10.3389/fmed.2020.585003

Hasan MJ et al. (2020) Clinico-epidemiological characteristics of asympto-
matic and symptomatic COVID-19-positive patients in Bangladesh. p
2020.08.18.20177089. https://doi.org/10.1101/2020.08.18.20177089.

Ho KS et al (2021) Impact of corticosteroids in hospitalised COVID-19
patients. BMJ Open Respir Res 8(1):e000766. https://doi.org/10.1136/
bmjresp-2020-000766

Huang C et al (2020a) Clinical features of patients infected with 2019 novel
coronavirus in Wuhan, China. The Lancet 395(10223):497-506. https://
doi.org/10.1016/50140-6736(20)30183-5

Huang D et al (2021) Blood urea nitrogen to serum albumin ratio (BAR)
predicts critical illness in patients with coronavirus disease 2019
(COVID-19). Int J Gen Med 14:4711-4721. https://doi.org/10.2147/IJGM.
$326204

Huang |, Lim MA, Pranata R (2020b) Diabetes mellitus is associated with
increased mortality and severity of disease in COVID-19 pneumonia—a
systematic review, meta-analysis, and meta-regression. Diabetes Metab
Syndr 14(4):395-403. https://doi.org/10.1016/j.dsx.2020.04.018

Hughes S et al (2020) Bacterial and fungal coinfection among hospital-
ized patients with COVID-19: a retrospective cohort study in a UK
secondary-care setting. Clin Microbiol Infect 26(10):1395-1399. https://
doi.org/10.1016/}.cmi.2020.06.025

Khamis F et al (2020) Clinical characteristics and outcomes of the first 63
adult patients hospitalized with COVID-19: an experience from Oman. J
Infect Public Health 13(7):906-913. https://doi.org/10.1016/j.jiph.2020.
06.002

Kumar S et al (2020) Assessment of the prevalence of symptoms in patients
under institutional isolation in COVID-19 pandemic in India. Indian J Pal-
liat Care 26(Suppl 1):S86-589. https://doi.org/10.4103/1JPC.IJPC_170_20

Lagunas-Rangel FA (2020) Neutrophil-to-lymphocyte ratio and lymphocyte-
to-C-reactive protein ratio in patients with severe coronavirus disease
2019 (COVID-19): a meta-analysis. J Med Virol 92(10):1733-1734. https://
doi.org/10.1002/jmv.25819

LiuY et al (2021) Association of dyslipidemia with the severity and mortality
of coronavirus disease 2019 (COVID-19): a meta-analysis. Virology Journal
18(1):157. https://doi.org/10.1186/512985-021-01604-1

Loconsole D et al (2021) Changing features of COVID-19: characteristics of
infections with the SARS-CoV-2 delta (B.1.617.2) and alpha (B.1.1.7) vari-
ants in Southern Italy. Vaccines 9(11):1354. https://doi.org/10.3390/vacci
nes9111354

Ozyilmaz S et al (2020) Assessment of the relationship between mortality
and troponin | levels in hospitalized patients with the novel coronavirus


https://www.bd.com/en-us
https://doi.org/10.4102/ajlm.v9i1.1298
https://doi.org/10.4102/ajlm.v9i1.1298
https://doi.org/10.1016/j.tmaid.2020.101923
https://doi.org/10.1371/journal.pone.0249090
https://doi.org/10.1177/1179551421990675
https://doi.org/10.1177/1179551421990675
https://doi.org/10.4236/ojepi.2021.111006
https://www.beckmancoulter.com/
https://doi.org/10.21203/rs.3.rs-19498/v2
https://doi.org/10.21203/rs.3.rs-19498/v2
https://doi.org/10.1016/S0140-6736(20)30211-7
https://doi.org/10.1016/S0140-6736(20)30211-7
https://doi.org/10.23750/abm.v91i1.9397
https://doi.org/10.23750/abm.v91i1.9397
https://portal.ecensus.gov.om/ecen-portal/
https://doi.org/10.1186/s41479-021-00083-w
https://doi.org/10.1186/s41479-021-00083-w
https://doi.org/10.1111/j.1365-3156.2008.02188.x
https://doi.org/10.1186/s43168-020-00049-4
https://doi.org/10.1186/s43168-020-00049-4
https://doi.org/10.1111/all.14657
https://doi.org/10.1001/jama.2020.5394
https://doi.org/10.1016/j.chest.2021.04.002
https://doi.org/10.1016/j.chest.2021.04.002
https://doi.org/10.1084/jem.20050828
https://doi.org/10.1056/NEJMoa2002032
https://doi.org/10.1056/NEJMoa2002032
https://doi.org/10.4081/monaldi.2020.1294
https://doi.org/10.4081/monaldi.2020.1294
https://doi.org/10.3389/fmed.2020.585003
https://doi.org/10.1101/2020.08.18.20177089
https://doi.org/10.1136/bmjresp-2020-000766
https://doi.org/10.1136/bmjresp-2020-000766
https://doi.org/10.1016/S0140-6736(20)30183-5
https://doi.org/10.1016/S0140-6736(20)30183-5
https://doi.org/10.2147/IJGM.S326204
https://doi.org/10.2147/IJGM.S326204
https://doi.org/10.1016/j.dsx.2020.04.018
https://doi.org/10.1016/j.cmi.2020.06.025
https://doi.org/10.1016/j.cmi.2020.06.025
https://doi.org/10.1016/j.jiph.2020.06.002
https://doi.org/10.1016/j.jiph.2020.06.002
https://doi.org/10.4103/IJPC.IJPC_170_20
https://doi.org/10.1002/jmv.25819
https://doi.org/10.1002/jmv.25819
https://doi.org/10.1186/s12985-021-01604-1
https://doi.org/10.3390/vaccines9111354
https://doi.org/10.3390/vaccines9111354

Almayahi et al. Bulletin of the National Research Centre (2022) 46:139

(COVID-19). Medicina (kaunas) 56(12):E693. https://doi.org/10.3390/
medicina56120693

Patel C et al (2021) A study of the clinico-epidemiological profile of COVID-19
patients admitted in a tertiary care hospital in India. J Clin Diagn Res.
https://doi.org/10.7860/JCDR/2021/47688.14757

Rivera-lzquierdo M et al (2020) Sociodemographic, clinical and laboratory
factors on admission associated with COVID-19 mortality in hospitalized
patients: a retrospective observational study. PLoS ONE 15(6):0235107.
https://doi.org/10.1371/journal.pone.0235107

Ruan Q et al (2020) Clinical predictors of mortality due to COVID-19 based on
an analysis of data of 150 patients from Wuhan, China. Intensive Care
Med. https://doi.org/10.1007/500134-020-05991-x

Sama IE et al (2020) Circulating plasma concentrations of angiotensin-con-
verting enzyme 2 in men and women with heart failure and effects of
renin-angiotensin-aldosterone inhibitors. Eur Heart J 41(19):1810-1817.
https://doi.org/10.1093/eurheartj/ehaa373

Schurz Het al (2019) The X chromosome and sex-specific effects in infectious
disease susceptibility. Hum Genomics 13(1):2. https://doi.org/10.1186/
540246-018-0185-z

Sepulveda J et al (2020) Bacteremia and blood culture utilization during
COVID-19 surge in New York City. J Clin Microbiol 58(8):e00875-€920.
https://doi.org/10.1128/JCM.00875-20

Soni SL et al (2021) Demographic & clinical profile of patients with COVID-19
at a tertiary care hospital in north India. Indian J Med Res 153(1):115.
https://doi.org/10.4103/ijmrlJMR_2311_20

Sultan M et al (2021) Clinical characteristics of COVID-19 related deaths in
Ethiopia. Ethiop J Health Sci. https://doi.org/10.4314/ejhs.v31i2.3

Suri A, Singh NK, Perumal V (2022) Association of inflammatory biomarker
abnormalities with mortality in COVID-19: a meta-analysis. Bull Natl Res
Centre 46(1):54. https://doi.org/10.1186/542269-022-00733-z

Vafadar Moradi E et al (2021) Increased age, neutrophil-to-lymphocyte ratio
(NLR) and white blood cells count are associated with higher COVID-19
mortality. Am J Emerg Med 40:11-14. https://doi.org/10.1016/j.ajem.
2020.12.003

Vaz SN et al (2021) Validation of the GeneXpert Xpress SARS-CoV-2 PCR assay
using saliva as biological specimen. Braz J Infect Dis 25(2):101543. https://
doi.org/10.1016/jbjid.2021.101543

Wang R et al (2020) Epidemiological and clinical features of 125 hospital-
ized patients with COVID-19 in Fuyang, Anhui, China. Int J Infect Dis
95:421-428. https://doi.org/10.1016/}.ijid.2020.03.070

WHO Coronavirus Disease (COVID-19) Dashboard (no date). https://covid19.
who.int. Accessed 14 Sept 2020

Yu D et al (2020) Low prevalence of bloodstream infection and high blood
culture contamination rates in patients with COVID-19. PLoS ONE
15(11):0242533. https://doi.org/10.1371/journal.pone.0242533

Zhang G et al (2020) Clinical features and short-term outcomes of 221 patients
with COVID-19 in Wuhan, China. J Clin Virol 127:104364. https://doi.org/
10.1016/jjcv.2020.104364

Zhang X-B et al (2021) Risk factors for mortality of coronavirus disease-2019
(COVID-19) patients in two centers of Hubei province, China: A retrospec-
tive analysis. PLoS ONE 16(1):e0246030. https://doi.org/10.1371/journal.
pone.0246030

ZhengY et al (2020) The hemocyte counts as a potential biomarker for pre-
dicting disease progression in COVID-19: a retrospective study. Clin Chem
Lab Med 58(7):1106-1115. https://doi.org/10.1515/cclm-2020-0377

Zhou'Y et al (2020) Serum lactate dehydrogenase level may predict acute res-
piratory distress syndrome of patients with fever infected by SARS-CoV-2.
Ann Transl Med 8(17):1118-1118. https://doi.org/10.21037/atm-20-2411

Zhu N et al (2020) A Novel Coronavirus from Patients with Pneumonia in
China, 2019. N Engl J Med 382(8):727-733. https://doi.org/10.1056/
NEJM0oa2001017

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Page 12 of 12

Submit your manuscript to a SpringerOpen®
journal and benefit from:

» Convenient online submission

» Rigorous peer review

» Open access: articles freely available online
» High visibility within the field

» Retaining the copyright to your article

Submit your next manuscript at » springeropen.com



https://doi.org/10.3390/medicina56120693
https://doi.org/10.3390/medicina56120693
https://doi.org/10.7860/JCDR/2021/47688.14757
https://doi.org/10.1371/journal.pone.0235107
https://doi.org/10.1007/s00134-020-05991-x
https://doi.org/10.1093/eurheartj/ehaa373
https://doi.org/10.1186/s40246-018-0185-z
https://doi.org/10.1186/s40246-018-0185-z
https://doi.org/10.1128/JCM.00875-20
https://doi.org/10.4103/ijmr.IJMR_2311_20
https://doi.org/10.4314/ejhs.v31i2.3
https://doi.org/10.1186/s42269-022-00733-z
https://doi.org/10.1016/j.ajem.2020.12.003
https://doi.org/10.1016/j.ajem.2020.12.003
https://doi.org/10.1016/j.bjid.2021.101543
https://doi.org/10.1016/j.bjid.2021.101543
https://doi.org/10.1016/j.ijid.2020.03.070
https://covid19.who.int
https://covid19.who.int
https://doi.org/10.1371/journal.pone.0242533
https://doi.org/10.1016/j.jcv.2020.104364
https://doi.org/10.1016/j.jcv.2020.104364
https://doi.org/10.1371/journal.pone.0246030
https://doi.org/10.1371/journal.pone.0246030
https://doi.org/10.1515/cclm-2020-0377
https://doi.org/10.21037/atm-20-2411
https://doi.org/10.1056/NEJMoa2001017
https://doi.org/10.1056/NEJMoa2001017

	Clinical features, laboratory characteristics and risk factors for mortality of COVID-19 patients in a secondary hospital in Oman during the first wave of the SARS-CoV-2 pandemic
	Abstract 
	Background: 
	Objectives: 
	Methods: 
	Results: 
	Conclusions: 

	Background
	Methods
	Data collection
	Laboratory testing
	Statistical analysis
	Ethical consideration

	Results
	Discussion
	Conclusions
	Acknowledgements
	References


