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Abstract: This study examines the clinical characteristics, outcomes and types of management
in SARS-CoV-2 infected patients, in the hospitals affiliated with West Virginia University. We
included patients from West Virginia with SARS-CoV-2 infection between 15 April to 30 December
2020. Descriptive analysis was performed to summarize the characteristics of patients. Regression
analyses were performed to assess the association between baseline characteristics and outcomes. Of
1742 patients, the mean age was 47.5 years (+22.7) and 54% of patients were female. Only 459 patients
(26.3%) reported at least one baseline symptom, of which shortness of breath was most common.
More than half had at least one comorbidity, with hypertension being the most common. There were
131 severe cases (7.5%), and 84 patients (4.8%) died despite treatment. The mean overall length of
hospital stay was 2.6 days (£6.9). Age, male sex, and comorbidities were independent predictors of
outcomes. In this study of patients with SARS-CoV-2 infection from West Virginia, older patients
with underlying co-morbidities had poor outcomes, and the in-hospital mortality was similar to the
national average.

Keywords: COVID-19; SARS-CoV-2; mortality; severity

1. Introduction

The novel coronavirus disease 2019 (COVID-19) pandemic has caused widespread
disruption of healthcare systems and economic calamity across the world [1]. Widespread
equitable vaccination distribution efforts, all over the world, seem to be the only way
out of this raging pandemic. Unfortunately, the United States has been an outlier among
the developed countries severely affected by this pandemic with one in almost every
five deaths worldwide being attributed to this virus [2]. The pandemic has exposed the

Viruses 2021, 13, 835. https:/ /doi.org/10.3390/v13050835

https://www.mdpi.com/journal /viruses


https://www.mdpi.com/journal/viruses
https://www.mdpi.com
https://orcid.org/0000-0002-6955-2917
https://orcid.org/0000-0002-8279-4777
https://orcid.org/0000-0003-1818-2669
https://orcid.org/0000-0001-8104-3085
https://orcid.org/0000-0001-6844-3287
https://www.mdpi.com/article/10.3390/v13050835?type=check_update&version=1
https://doi.org/10.3390/v13050835
https://doi.org/10.3390/v13050835
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.3390/v13050835
https://www.mdpi.com/journal/viruses

Viruses 2021, 13, 835

20f 14

fragile healthcare situation of the entire population and highlights the necessity of future
mitigation efforts required to invest in the public health infrastructure of the country.

An initial study by Chen et al. reported findings from 99 cases and suggested a
higher incidence of infection in groups of older men with comorbidities coming in close
contact, and also the development of acute respiratory distress syndrome (ARDS) [3].
Despite the widespread nature of the pandemic, most infected individuals showed a good
prognosis with only mild to moderate clinical symptoms such as fever, non-productive
cough, dyspnoea, myalgia, fatigue, and no evidence of pneumonia or pulmonary damage
on routine imaging [4-7]. However, 20% of the reported cases showed a severe and
progressive illness leading to ARDS, need for intubation, sepsis, and death [8-13].

With our increased understanding of the disease, it is essential to critically analyze
and describe the clinical characteristics, treatment, and prognosis among different US
subpopulations to derive relevant information regarding the course of the disease, disease
management, as well as the long-term sequelae in survivors. Although certain epidemiolog-
ical features and clinical characteristics of COVID-19 have been previously reported, [3,5,6]
our study on a single-center (West Virginia University System hospitals) evaluates the
clinical and demographic factors of COVID-19 patients, with regards to severity, mortality,
length of stay and requirement of invasive lifesaving treatment. This data will be fur-
ther helpful in predicting and possibly modeling the expected trajectory of the disease
in patients.

2. Methods
2.1. Study Design

We conducted an observational study of inpatients with the diagnosis of COVID-
19 between 15 April 2020 and 30 December 2020, in hospitals (Ruby Memorial hospital,
Berkeley Medical Center, Camden Clark Medical Center) affiliated with West Virginia
University (WVU). The study was approved by the Institutional Review Board (IRB) at
WVU. All patients admitted or visiting the emergency room with established COVID-19
diagnosis were included and data were extracted from the hospital electronic medical
records on 30 December 2020. The diagnosis was established with the identification
of SARS-CoV-2 RNA by nasopharyngeal or oropharyngeal real-time RT-PCR (reverse-
transcriptase polymerase chain reaction).

2.2. Data Collection and Participant

Based on a standardized proforma, information regarding demographics (age, gender,
ethnicity), clinical features (asymptomatic, cough, headache, fever, shortness of breath,
respiratory distress, diarrhea, nausea/vomiting, cold/flu, fatigue, sore throat, body ache,
and comorbid conditions: obesity, diabetes, hypertension), diagnosis (RT-PCR result),
treatments (length of hospital stay in days, intubation, and type of medications received:
hydroxychloroquine, azithromycin, remdesivir, tocilizumab), and outcomes (mortality)
were collected for each included patient. The severity of COVID-19 was classified using
Infectious Disease Society of America/American Thoracic Society (IDSA /ATS) criteria [14].
Length of stay was evaluated based on the duration of a single episode of hospitalization.
Overall length of stay was calculated from the total number of episodes of hospitalization
until the last follow-up.

2.3. Statistical Analysis

Descriptive analysis was performed to assess the demographic and clinical char-
acteristics, including proportions/percentages for categorical variables, and mean and
median with standard deviations for continuous variables. Fisher’s exact test for cate-
gorical variables and the Wilcoxon rank-sum test for continuous variables were used to
assess the difference in severity, mortality, and need for intubation among patient cohorts.
Multivariable analysis was performed using logistic regression models to evaluate the
association of demographic characteristics with clinical outcomes such as severity (yes/no)
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and mortality (yes/no) in COVID-19 patients. Final models were obtained based on the
backward variable selection process. Finally, the Kaplan-Meier estimator and log-rank
test were used to calculate event-free survival in which the event was defined as either
death due to COVID-19 without severity or a severe COVID-19 diagnosis, whichever was
reported first. All statistical tests were two-sided and a p-value of <0.05 was considered
to be statistically significant. All data analysis was performed using statistical software
Rv3.6.3.

3. Results
3.1. Demographic Characteristics

A total of 1742 patients diagnosed with symptomatic COVID-19 were included in this
study. The mean age of these patients was 47.5 (SD 22.7) years. The youngest patient was
5 months old and the oldest patient was 99.6 years old. Over half of the patients were less
than fifty years of age (52.4%, n = 913) and were females (54%, n = 941). Majority of the
participants were White (85%, n = 1472).

3.2. Clinical Characteristics, Treatment, and Outcomes

Majority of the patients (73.7%) did not report any symptoms at the time of diag-
nosis. Of the reported symptoms, the most common symptom was shortness of breath
(11.7%), followed by cough (4.1%) and fever (3.9%) (Table 1). Other symptoms reported by
patients included cold/flu, sore throat, headache, fatigue, body aches, nausea/vomiting,
and diarrhea.

Table 1. Clinical characteristics, treatments, and outcomes of patients attending hospitals affiliated
with West Virginia University (n = 1742).

o Yes No
Characteristics (%) " (%)
Symptoms
Cough 72 (4.1) 1670 (95.9)
Cold/flu 27 (1.5) 1715 (98.5)
Shortness of breath 204 (11.7) 1538 (88.3)
Respiratory distress 2(0.1) 1740 (99.9)
Fever 68 (3.9) 1674 (96.1)
Sore throat 10 (0.6) 1732 (99.4)
Headache 11 (0.6) 1731 (99.4)
Fatigue 41 (2.4) 1701 (97.6)
Body ache 13 (0.7) 1729 (99.3)
Nausea/vomiting 30 (1.7) 1712 (98.3)
Diarrhea 6 (0.3) 1736 (99.7)
Comorbidities

Hypertension 792 (45.5) 950 (54.5)
Diabetes 436 (25) 1306 (75)

Obesity 441 (25.3) 1301 (74.7)
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Table 1. Cont.

o Yes No
Characteristics " (%) (%)
Treatment
Azithromycin 157 (9) 1585 (91)

Hydroxychloroquine 58 (3.3) 1684 (96.7)

Remdesivir 32 (1.8) 1710 (98.2)

Hydroxychloroquine + azithromycin 46 (2.8) 1621 (97.2)

Tocilizumab 28 (1.6) 1714 (98.4)

Vasopressor (septic shock) 37 (2.1) 1705 (97.9)

Intubation 124 (7.1) 1618 (92.9)
Outcome

Severe 131 (7.5) 1611 (92.5)

Total deaths 84 (4.8) 1658 (95.2)

Inpatient deaths 69 (18.96) 295 (81.04)

Out of hospital deaths 15 (1.08) 1363 (98.93)

Over a half of patients (53.3%) had at least one comorbidity, of which hypertension
was the most common (45.4%), followed by obesity (25.3%) and diabetes (25%). Almost
all patients (98.3 %) were suspected to have COVID-19 before definitive diagnosis was
established and the majority (96.5%) of them reported a history of exposure to SARS-CoV-2
before the onset of symptoms. Azithromycin was the most common drug used (9%) for
treatment. There were 131 severe cases (7.5%), 124 patients (7.1%) requiring intubation, and
84 patients (4.8%) who died despite receiving treatment. Of the 84 deaths, 69 (18.96%) were
in hospitalized patients and 15 (1.08%) were out of the hospital discharge or ER discharge
patients. Table 1 shows further information on the clinical characteristics, treatments
received, and outcomes in these patients.

The length of hospital stay for COVID-19 related first visits ranged from 0 to 108 days,
with a mean duration of 2.2 days (SD 7.0). The duration of hospital stay in subsequent
visits consistently decreased with a maximum of 9 days and a mean of 0.005 (SD 0.2) for a
final fourth visit. The overall length of stay was 2.6(SD 7.9) with a maximum of 108 days of
stay and a minimum of 0 days of stay in the hospital.

3.3. Analysis for Outcomes

We found that patients aged 50 years and above had a significantly higher occurrence
of a severe infection [13% (109 patients) suffering from a severe infection as compared to
2% (22 patients) in younger group], p < 0.001. Moreover, older patients also showed a
statistically significant higher intubation rate (12% in patients aged >50 years as compared
to 2% in their younger counterparts), p < 0.001, and deaths (10% in patients aged >50 years,
as compared to 1% in patients aged <50 years), p < 0.001 due to COVID-19, as compared to
their younger counterparts (age < 50 years) (Table 2).

Males had significantly more severe disease [9% compared to 6% in female patients
(p = 0.023)], and were more likely to be intubated [9% compared to 6% in females, p = 0.031].
However, there was no significant difference in deaths between the two genders (p = 0.37).
No statistically significant difference was noted for severity, fatality, and need for intubation
between patients by race.
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Table 2. Intubation, severity, and outcomes for different characteristics.

No

h . Intubation Intubation Fisher Test Not Dead Dead Fisher Test Not Severe Severe Fisher Test
aracteristics
1 (%) 1 (%) (p-Value) 1 (%) (%) (p-Value) (%) (%) (p-Value)
Age (in Years)
<50 891 (98) 22 (2) <0.001 908 (99) 5(1) <0.001 891 (98) 22 (2) <0.001
>50 727 (88) 102 (12) 750 (90) 79 (10) 720 (87) 109 (13)
Sex
Male 732 (91) 69 (9) 0.031 758 (95) 43 (5) 0.37 728 (91) 73 (9) 0.023
Female 886 (94) 55 (6) 900 (96) 41 (4) 883 (94) 58 (6)
Race
Whites 1360 (92) 112 (8) 0.243 1394 (95) 78 (5) 0.051 1353 (92) 119 (8) 0.198
Others 185 (95) 10 (5) 191 (98) 4(2) 185 (95) 10 (5)
Cough
No 1555 (93) 115 (7) 0.095 1591 (95) 79 (5) 0.391 1550 (93) 120 (7) 0.019
Yes 63 (88) 9(12) 67 (93) 5(7) 61 (85) 11 (15)
Cold/flu
No 1594 (93) 121 (7) 0.435 1633 (95) 82 (5) 0.377 1587 (93) 128 (7) 0.451
Yes 24 (89) 3(11) 25 (93) 2(7) 24 (89) 3(11)
Shortness of
breath
No 1445 (94) 93 (6) <0.001 1472 (96) 66 (4) 0.008 1438 (93) 100 (7) <0.001
Yes 173 (85) 31(15) 186 (91) 18 (9) 173 (85) 31 (15)
Respiratory
distress
No 1616 (93) 124 (7) 1 1657 (95) 83 (5) 0.094 1609 (92) 131 (8) 1
Yes 2 (100) 0(0) 1 (50) 1 (50) 2 (100) 0(0)
Fever
No 1556 (93) 118 (7) 0.627 1596 (95) 78 (5) 0.138 1549 (93) 125 (7) 0.638
Yes 62 (91) 6(9) 62 (91) 6(9) 62 (91) 6(9)
Sore throat
No 1608 (93) 124 (7) 1 1648 (95) 84 (5) 1 1601 (92) 131 (8) 1
Yes 10 (100) 0(0) 10 (100) 0(0) 10 (100) 0(0)
Headache
No 1607 (93) 124 (7) 1 1647 (95) 84 (5) 1 1600 (92) 131 (8) 1
Yes 11 (100) 0(0) 11 (100) 0(0) 11 (100) 0(0)
Fatigue
No 1583 (93) 118 (7) 0.066 1622 (95) 79 (5) 0.044 1576 (93) 125 (7) 0.121
Yes 35(85) 6 (15) 36 (88) 5(12) 35(85) 6 (15)
Body ache
No 1606 (93) 123 (7) 1 1646 (95) 83 (5) 0.475 1599 (92) 130 (8) 1
Yes 12 (92) 1(8) 12 (92) 1(8) 12 (92) 1(8)
Nausea/vomiting
No 1590 (93) 122 (7) 1 1630 (95) 82 (5) 0.653 1583 (92) 129 (8) 1
Yes 28 (93) 2(7) 28 (93) 2(7) 28 (93) 2(7)
Diarrhea
No 1613 (93) 123 (7) 0.358 1654 (95) 82 (5) 0.03 1606 (93) 130 (7) 0.375
Yes 5(83) 1(17) 4(67) 2(33) 5(83) 1(17)
Hypertension
No 937 (99) 13 (1) <0.001 943 (99) 7(1) <0.001 934 (98) 16 (2) <0.001
Yes 681 (86) 111 (14) 715 (90) 77 (10) 677 (85) 115 (15)
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Int IEO . Intubation . Not Dead Dead . Not Severe Severe .
Characteristics ntubation Fisher Test Fisher Test Fisher Test
1 (%) 1 (%) (p-Value) 1 (%) (%) (p-Value) (%) (%) (p-Value)
Diabetes
No 1257 (96) 49 (4) <0.001 1272 (97) 34(3) <0.001 1255 (96) 51 (4) <0.001
Yes 361 (83) 75(17) 386 (89) 50 (11) 356 (82) 80 (18)
Obesity
No 1243 (96) 58 (4) <0.001 1246 (96) 55 (4) 0.053 1238 (95) 63 (5) <0.001
Yes 375 (85) 66 (15) 412 (93) 29 (7) 373 (85) 68 (15)
Bold indicates significant p-values (p < 0.05).
A significant difference (p = 0.019) was noted in terms of severity of SARS-CoV-2
infection among patients who reported having a cough as compared to those that did not.
Having a shortness of breath was significantly associated with the need for intubation
(p <0.001), high severity of COVID-19 (p < 0.001), and mortality (p = 0.008). A significantly
higher number of patients who reported fatigue and diarrhea had a fatal outcome (p = 0.044
for fatigue and p = 0.03 for diarrhea). No statistically significant difference was observed for
any of the other symptoms including cold, respiratory distress, fever, sore throat, headache,
nausea, and vomiting. Hypertension and diabetes were significantly associated with
intubation, severity, and mortality in the COVID-19 patients (p < 0.001), and obesity was
associated with intubation and severity (p < 0.001).
The presentation with shortness of breath (5.8 days, p < 0.001), cough (2.7 days,
p <0.001), respiratory distress (5.5 days, p = 0.015), fever (4.0 days, p < 0.001), fatigue
(6.2 days, p < 0.001), and nausea/vomiting (3.6 days, p < 0.001) resulted in significantly
greater length of hospital stay for the first visit, as shown in Table 3. Although patients
with diarrhea had the greatest number of hospital stay (mean = 6.3 days), the association
was not significant (p = 0.073).
Table 3. Length of hospital stay (in days) in the first visit.
With Symptom Without Symptom Wilcoxon Test
Symptoms (p-Value)
N1 Mean SD N2 Mean SD p-value
Cough 72 2.736 4.744 1670 2.203 7.063 <0.001
Cold/flu 27 2.185 4915 1715 2.226 7.011 0.372
Shortness of breath 204 5.779 9.686 1538 1.754 6.397 <0.001
Respiratory distress 2 55 6.364 1740 2.221 6.983 0.015
Fever 68 3.956 7.021 1674 2.155 6.973 <0.001
Sore throat 10 0 0 1732 2.238 7 0.096
Headache 11 3.636 7.646 1731 2.216 6.979 0.26
Fatigue 41 6.22 7.302 1701 2.129 6.948 <0.001
Body ache 13 1 3.606 1729 2234 7.001 0.249
Nausea/vomiting 30 3.6 5.739 1712 2.201 7.001 <0.001
Diarrhea 6 6.333 9.933 1736 2.211 6.969 0.073

Bold indicates significant p-values (p < 0.05).

On comparing the severity of the disease amongst the various parameters under
study, we found that age (p < 0.001), male sex (p = 0.007), shortness of breath (p = 0.024)
and presence of comorbidities: hypertension (p = 0.004), diabetes (p = 0.004), obesity
(p < 0.001) were independent predictors of severity in COVID-19 patients, as shown in
Table 4. In terms of mortality, age (p < 0.001) and presence of hypertension (p = 0.018)
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were independent predictors of mortality. Moreover, we found significantly greater risk of
disease severity among patients using Azithromycin (p = 0.02), Remdesivir (p = 0.02), and
Tocilizumab (p < 0.0001). However, we found a greater risk of mortality among patients
treated with Remdesivir (p = 0.002) and Tocilizumab (p = 0.05) (Table 4a,b).

Table 4. (a) Effects of baseline characteristics on the severity of COVID-19 without and with treatment using multivariable
logistic regression. (b) Effects of baseline characteristics on mortality of COVID-19 without and with treatment using

multivariable logistic regression.

(a)

Severity without Treatment as Outcome

Outcomes Variables Odds ratio Lower95%CI Upper95%Cl p-value
Age 1.03 1.02 1.04 <0.0001

Sex 0.59 0.40 0.87 0.007

Shortness of breath 1.72 1.08 2.74 0.024

Severity Hypertension 2.56 135 484 0.004
Diabetes 1.85 1.22 2.83 0.004

Obesity 2.07 1.38 3.11 0.0005

Severity with Treatment as Outcome

Outcomes Variables Odds ratio Lower95%ClI Upper95%CI p-value
Age 1.03 1.01 1.04 <0.0001

Sex 0.59 0.40 0.90 0.02

Shortness of breath 114 0.67 1.94 0.62

Hypertension 2.24 1.16 4.33 0.02

Diabetes 1.92 122 3.01 0.005

Severity Obesity 1.92 121 291 0.004

Azithromycin 1.99 1.14 3.45 0.02

Hydroxychloroquine 1.71 0.79 3.72 0.17

Remdesivir 2.84 1.18 6.82 0.02
Tocilizumab 10.39 3.94 27.24 <0.0001

(b)
Mortality without Treatment as Outcome

Outcomes Variables Odds ratio Lower95%ClI Upper95%CI p-value
Age 1.07 1.05 1.08 <0.0001

Shortness of breath 1.67 0.92 3.01 0.09

Mortality Diarrhea 8.63 0.82 91.08 0.07

Hypertension 2.83 1.19 6.72 0.02

Diabetes 1.58 0.96 2.60 0.07

Mortality with Treatment as Outcome

Outcomes Variables Odds ratio Lower95%ClI Upper95%Cl p-value
Age 1.06 1.05 1.08 <0.0001

Shortness of breath 1.36 0.72 2.53 0.34

Diarrhea 6.25 0.75 51.76 0.09

Hypertension 2.99 1.30 6.97 0.01

Mortality Azithromycin 1.72 0.90 3.29 0.12

Hydroxychloroquine 1.69 0.70 4.14 0.25

Remdesivir 4.24 1.71 10.50 0.002

Tocilizumab 2.85 1.01 8.07 0.05
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While studying the effect of comorbidities, the Kaplan-Meier method showed the dif-
ference in event-free survival between patients with or without the comorbidities (p < 0.001,
log-rank test). There was a significant difference between patients aged < 50 years or aged
>50 years (p < 0.001, log-rank test) in event-free survival analysis (Figures 1 and 2). In
particular, the 7-day event-free survival in patients with and without comorbidities was
84.6% and 91.3%, respectively; and the 7-day event-free survival was 84.3% for age >50
and 89% for age <50, respectively.

i -
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= P<0.001
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Length of Stay (Days)

Figure 1. Event-free survival curves by comorbidity based on the Kaplan-Meier method. Statistical
significance was calculated using a two-sided log-rank test.

Event-Free Survival
a

Length of Stay (Days)

Figure 2. Event-free survival curves by age group (<50 years or >50 years) based on the Kaplan—
Meier method. Statistical significance was calculated using a two-sided log-rank test.

4. Discussion

The COVID-19 pandemic has disrupted healthcare, social and economic systems
all over the world. Going into the pandemic, it was believed that West Virginia could
face considerable challenges as it is highly populated with elderly populations. The fact
that almost 40 percent of West Virginia’s population is rural, and 6.6 percent lack health
insurance makes it the nation’s most vulnerable state bracing the impact of the COVID-19
pandemic [15-17]. Our study was conducted among the hospitals affiliated with West
Virginia University that enrolled 1742 patients from 15 April 2020 to 30 December 2020,
making it one of the largest representative samples from West Virginia. Consistent with
the recent literature, we noticed a greater impact of COVID-19 among older adults of West
Virginia [10,13,18].
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The Centre for Disease Control (CDC) reports that patients aged more than 50 years
are at a higher risk of developing severe infection (based on IDSA-ATS guidelines) and
have a higher mortality rate than those aged less than 50 years [18]. This is attributed to
the physiological changes that come with aging such as immunosenescence which alters
pathogen recognition and clearing [19,20]. Our study concurs that patients aged more
than 50 years had a higher occurrence of severe infection (n = 109 patients) as compared
to patients aged less than 50 years (n = 22). Older COVID-19 patients had a higher rate of
intubation (12%) as compared to the younger patients (2%) [21-23]. With respect to gender,
males were more susceptible to severe infection which could be attributed to the elevated
immune reactivity to viral infection in women as compared to men, due to enhanced
antibody production which gives them an effective resistance to infection [24,25]. Our
study showed a higher prevalence of severe COVID-19 infection in men (9%), compared to
women (6%), and men were more likely to be intubated. However, our patient population
was female predominant with 54% of the patients being females making the ratio of 1.17,
in contrast to the male dominant patient demographics presented by other single-center
reports [7,9,26,27].

In terms of ethnicity, most (n = 1472, 88.3%) of the patients were White, followed
by others (n = 195, 11.7%) including Blacks, Asians, Hispanics, American natives, Pacific-
Hawaii natives. This is slightly disproportional when the demographic make-up of the
state of West Virginia is considered which is composed of Whites (93.5%), Blacks (3.6%),
and other ethnicities [15]. Other studies have also shown a higher proportion of people
identified as Hispanics, non-Hispanic, and blacks to present with confirmed cases of
COVID-19 due to having underlying co-morbidities [28-30]. Authors have attributed
this to low socioeconomic status and lack of access to health care disparities among the
non-white races.

The ACE2 (angiotensin-converting enzyme-2) receptors expressed by the epithelial
cells of the lungs, intestine, kidneys, and blood vessels have been identified as a target
receptor for coronaviruses [31]. Patients with hypertension and diabetes treated with ACE
inhibitors show increased expression of ACE2 [32]. The immunosuppressive effects of
hyperglycemia could also explain why patients that develop acute respiratory distress
syndrome (ARDS) due to COVID-19 were found to have statistically significant elevated
glucose levels in the blood. This finding has important implications given the high global
prevalence of diabetes [33].

The poor outcomes for COVID 19 related to the cardiovascular co-morbidities may be a
direct result of the condition itself or attributed to other conditions [34]. Some authors have
found rather modest associations of adverse outcomes and hypertensive comorbidities
like Atkins JL et.al. with respect to the UK cohort [35]. Our study lacks stratification of
comorbidities according to complications of hypertension, obesity, diabetes, and dementia.

Obesity was the significant comorbidity seen in the COVID-19 patients in our study.
Obesity is associated with altered pulmonary function, it causes a decrease in the res-
piratory system compliance, expiratory reserve volume, functional capacity. Obesity is
also associated with increased cytokines which may contribute to the increased risk of
severe COVID-19 infection [36-39]. This is in concordance with previous studies also
finding independent associations of body mass index (BMI) with outcomes in COVID-19
patients irrespective of the status of obesity. This can be because increased ectopic fat
distribution including visceral, perivascular, and epicardial distribution promotes chronic
pro-inflammatory, prothrombotic and vasoconstrictive states manifesting as insulin re-
sistance, type 2 diabetes, hypertension, atherosclerosis, immunocompromised state, and
cardiovascular diseases [33,35,40,41].

With almost all the patients suspected to have COVID-19 before the definite diagnosis
being established, a variety of atypical symptoms could be documented. Those patients
who reported specific symptoms like cough and shortness of breath had significantly
higher chances of contracting severe SARS-CoV-2 infection and subsequently the need
for intubation. However, some atypical symptoms like diarrhea and fatigue also had
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significantly fatal outcomes. This may have clinical implications in predicting the severity,
need for intubation, and mortality even at the very first presentation of a patient with high
suspicion of being suffering from COVID-19.

Our study reported that 96.5% had a history of exposure to SARS-CoV-2 and only 3.5%
of patients reported not having been exposed to or been in close contact with a known case
of COVID-19 before the onset of symptoms. Such findings have sometimes been attributed
to the characteristic superspreading events reported in connection with the severe acute
respiratory syndrome coronavirus (SARS-CoV) and Middle East respiratory syndrome
coronavirus (MERS-CoV) infections. For SARS-CoV-2, the degree to which superspreading
is involved in transmission remains unclear, but there is growing evidence that SSEs might
be a typical feature of COVID-19 [42,43].

The most common treatment provided to patients in our study was azithromycin.
Azithromycin is directed against the virus, whereas Hydroxychloroquine (HCQ) is directed
against cellular adhesion cofactors. A study by Fantini et al. indicates that Chloroquine and
Azithromycin act via mirror competitive mechanisms. The virus binds to lipid raft through
spike protein which has a ganglioside binding domain. This domain can be occupied
by GM1 sugar sharing molecular similarity with azithromycin. While azithromycin does
this, chloroquine covers the ganglioside surface complementing it. The concerns arising
due to their structural similarity, which may reduce the potential effectiveness, have
been noticeable as they both synergistically decrease the SARS-CoV-2 load in infected
patients [44]. Binding to these two sites can lead to a synergistic antiviral mechanism at the
membrane level [45]. Furthermore, azithromycin reduces superadded bacterial infection in
these patients, leading to less severe disease [45-51]. By analyzing the use of drugs such as
Remdesivir and Tocilizumab, we found that though these drugs were used significantly
more in patients with severe COVID. However, they were significantly associated with
worse clinical outcomes which imply that both these drugs failed to provide any survival
benefit to these patients. This is in concordance with the recent studies demonstrating that
Remdesivir only shortened hospital stay when used in the early days of the infection and
did not improve mortality in patients with severe COVID-19 infection [52].

The length of stay (LOS) remains an important but underreported characteristic
parameter that has both clinical and public health implications. Our study found that the
average length of stay was just under 3 days for people suffering from COVID-19, which
may have been skewed due to the data representing the majority of asymptomatic and
non-severe patients.

When the LOS was stratified according to the initial presenting symptoms, the highest
LOS was associated with patients presenting with fatigue (6.2 days) and shortness of
breath (5.8 days), probably because fatigue was significantly associated with mortality and
shortness of breath was associated with higher severity and intubation. This was followed
by the LOS of respiratory distress (5.5 days), fever (4 days), and cough (2.7 days). A similar
analysis by Wu S et.al. found strong evidence to indicate that patients having fever before
admission had significantly longer LOS than those without fever by 3.5 days (95% CI 1.39 to
5.63, p = 0.002), which was similar to what we found in association of fever, but per analysis
suggested shortness of breath and fatigue to be associated with higher LOS with similar
significance levels of p-value [53]. This data can be especially important for predicting
hospital bed requirements in public health response. Better predictions can be made by
associating the comorbidities of patients with the length of stay in both symptomatic and
asymptomatic patients [53-55].

With help of multiple logistic regression models, the severity of disease according to
the parameters of our study showed that higher age, male sex, and symptoms like shortness
of breath and cough, presence of comorbidities particularly hypertension, diabetes, and
obesity, and need for treatment were independent significant predictors. Whereas age,
symptoms like shortness of breath, fatigue, and diarrhea along with the presence of
comorbidities including hypertension symptomatic infection, and need for treatment
were independent significant predictors of mortality.
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These results have implications for both preventive and curative interventions for a
targeted prioritization especially in resource-poor settings which may prove better than
using broad spectrums of comorbidities like age as a blanket risk factor for severity [56,57].

In this study, the total number of deaths observed was 84 (4.8%) with the majority of
the deaths in hospitalized patients (18.96%). The in-hospital mortality in the current study
was similar to that reported in other published US studies (15.3-24.5%) [26,58]. Only 1.08%
of the deaths were out of hospital inpatients discharged to nursing homes and from ER.
Mortality increased in association with increasing age as expected. Hypertension was also
associated with increased mortality but did not reach statistical significance.

There were several limitations in our study. First, our study was retrospective in
nature and solely relied on medical records, due to which we could not collect the data
that was missing in the medical records. Second, the COVID-19 cases included in our
study were those presenting to the hospitals in a single university system, which may
not be widely representative of other scenarios. Third, our study sample was not diverse
enough, due to the demographic distribution of the majority of the White population
in West Virginia, and thus we could not evaluate further associations by race/ethnicity
due to smaller samples of minority populations. Fourth, we did not have enough data to
accurately define the event for survival analysis. Hence, we proposed our definition of
event based on severity and death variables.

5. Conclusions

This single-center study of COVID-19 patients from West Virginia State Hospitals
showed that the older age (>50 years) and presence of comorbidities (hypertension, dia-
betes, and obesity) are the most important predictors of outcome in COVID-19 infection.
Shortness of breath was the most significant symptom associated with the severity, mortal-
ity, and prolonged hospital stay.

Author Contributions: Concept and design: S.S., S.SW., ].P,, R.S,; acquisition, analysis, and interpreta-
tion of data: S.W.; drafting of the manuscript: SW., AP, S.P,].P, EK, RS, M.T,KE,SK, WK,SS.;
supervision: S.S. All authors have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.
Institutional Review Board Statement: Approved from IRB at WVU.
Informed Consent Statement: Approved from IRB at WVU, IRB protocol number 2004958561.

Data Availability Statement: Data was extracted from WVU and accessed only by designated
personnel at WVU.

Acknowledgments: West Virginia Clinical and Translational Science Institute, Morgantown, WV, USA.

Conflicts of Interest: The authors declare that the research was conducted in the absence of any
commercial or financial relationships that could be construed as a potential conflict of interest.

References

1.  Lenzen, M.; Li, M,; Malik, A.; Pomponi, E; Sun, Y.-Y.; Wiedmann, T.; Faturay, E; Fry, J.; Gallego, B.; Geschke, A.; et al. Global
socio-economic losses and environmental gains from the Coronavirus pandemic. PLoS ONE 2020, 15, €0235654. [CrossRef]

2. Gardner, L. COVID-19 Dashboard by the Center for Systems Science and Engineering (CSSE) at Johns Hopkins University (JHU).
Available online: https:/ /coronavirus.jhu.edu/map.html (accessed on 29 March 2020).

3. Chen, N.; Zhou, M,; Dong, X.; Qu, J.; Gong, F; Han, Y.; Qiu, Y.; Wang, J.; Liu, Y.; Wei, Y,; et al. Epidemiological and clinical
characteristics of 99 cases of 2019 novel coronavirus pneumonia in Wuhan, China: A descriptive study. Lancet 2020, 395, 507-513.
[CrossRef]

4. Wynants, L.; Van Calster, B.; Collins, G.S.; Riley, R.D.; Heinze, G.; Schuit, E.; Bonten, M.M.].; Dahly, D.L.; Damen, J.A.; Debray,
T.P.A; et al. Prediction models for diagnosis and prognosis of covid-19: Systematic review and critical appraisal. BM] 2020, 369,
m1328. [CrossRef] [PubMed]

5. Guan, W-J; Ni, Z.-Y,; Hu, Y,; Liang, W.-H.; Chun-Quan China Medical Treatment Expert Group for Covid-19; He, J.-X,; Liu, L,;

Shan, H.; Lei, C.-L.; Hui, D.S; et al. Clinical Characteristics of Coronavirus Disease 2019 in China. N. Engl. |. Med. 2020, 382,
1708-1720. [CrossRef] [PubMed]


http://doi.org/10.1371/journal.pone.0235654
https://coronavirus.jhu.edu/map.html
http://doi.org/10.1016/S0140-6736(20)30211-7
http://doi.org/10.1136/bmj.m1328
http://www.ncbi.nlm.nih.gov/pubmed/32265220
http://doi.org/10.1056/NEJMoa2002032
http://www.ncbi.nlm.nih.gov/pubmed/32109013

Viruses 2021, 13, 835 12 of 14

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.
26.

27.

28.

29.

30.

Wang, D.; Hu, B.; Hu, C.; Zhu, F; Liu, X.; Zhang, J.; Wang, B.; Xiang, H.; Cheng, Z.; Xiong, Y.; et al. Clinical Characteristics of
138 Hospitalized Patients With 2019 Novel Coronavirus-Infected Pneumonia in Wuhan, China. JAMA 2020, 323, 1061. [CrossRef]
[PubMed]

Lee, HW.,; Yoon, S.-Y;; Lee, ].-K,; Park, T.Y.; Kim, D.K.; Chung, H.S.; Heo, E.Y. Clinical implication and risk factor of pneumonia
development in mild coronavirus disease 2019 patients. Korean J. Intern. Med. 2021, 36, 1-10. [CrossRef]

Yang, X.; Yu, Y.; Xu, J.; Shu, H.; Xia, J.; Liu, H.; Wu, Y,; Zhang, L.; Yu, Z.; Fang, M.; et al. Clinical course and outcomes of critically
ill patients with SARS-CoV-2 pneumonia in Wuhan, China: A single-centered, retrospective, observational study. Lancet Respir.
Med. 2020, 8, 475-481. [CrossRef]

Wu, C; Chen, X,; Cai, Y.; Xia, ].; Zhou, X.; Xu, S.; Huang, H.; Zhang, L.; Zhou, X.; Du, C,; et al. Risk Factors Associated With Acute
Respiratory Distress Syndrome and Death in Patients With Coronavirus Disease 2019 Pneumonia in Wuhan, China. JAMA Intern.
Med. 2020, 180, 934. [CrossRef]

Onder, G.; Rezza, G.; Brusaferro, S. Case-Fatality Rate and Characteristics of Patients Dying in Relation to COVID-19 in Italy.
JAMA 2020, 23. [CrossRef] [PubMed]

Lu, R.; Zhao, X;; Li, J.; Niu, P; Yang, B.; Wu, H.; Wang, W.; Song, H.; Huang, B.; Zhu, N.; et al. Genomic characterisation and
epidemiology of 2019 novel coronavirus: Implications for virus origins and receptor binding. Lancet 2020, 395, 565-574. [CrossRef]
Benvenuto, D.; Giovannetti, M.; Ciccozzi, A.; Spoto, S.; Angeletti, S.; Ciccozzi, M. The 2019-new coronavirus epidemic: Evidence
for virus evolution. J. Med. Virol. 2020, 92, 455-459. [CrossRef]

Hur, K,; Price, C.PE.; Gray, E.L.; Gulati, R.K.; Maksimoski, M.; Racette, S.D.; Schneider, A.L.; Khanwalkar, A.R. Factors Associated
With Intubation and Prolonged Intubation in Hospitalized Patients With COVID-19. Otolaryngol. Neck Surg. 2020, 163, 170-178.
[CrossRef] [PubMed]

Metlay, J.P.; Waterer, G.W.; Long, A.C.; Anzueto, A.; Brozek, J.; Crothers, K.; Cooley, L.A.; Dean, N.C.; Fine, M.].; Flanders,
S.A,; et al. Diagnosis and Treatment of Adults with Community-acquired Pneumonia. An Official Clinical Practice Guideline
of the American Thoracic Society and Infectious Diseases Society of America. Am. J. Respir. Crit. Care Med. 2019, 200, e45—€67.
[CrossRef]

West Virginia Rural Healthcare Facilities. Available online: https://www.ruralhealthinfo.org/states/west-virginia (accessed on
29 March 2020).

West Virginia Population Report. 2020. Available online: https://talkpoverty.org/state-year-report/west-virginia-2020-report/
(accessed on 29 March 2020).

Mueller, J.T.; McConnell, K.; Burow, P.B.; Pofahl, K.; Merdjanoff, A.A.; Farrell, J. Impacts of the COVID-19 pandemic on rural
America. Proc. Natl. Acad. Sci. USA 2021, 118. [CrossRef] [PubMed]

Mallapaty, S. The coronavirus is most deadly if you are older and male — new data reveal the risks. Nat. Cell Biol. 2020, 585,
16-17. [CrossRef]

Franceschi, C.; Bonafe, M.; Valensin, S.; Olivieri, F.; De Luca, M.; Ottaviani, E.; De Benedictis, G. Inflamm-aging: An Evolutionary
Perspective on Inmunosenescence. Ann. N. Y. Acad. Sci. 2006, 908, 244-254. [CrossRef] [PubMed]

Shi, Y.; Wang, Y.; Shao, C.; Huang, J.; Gan, J.; Huang, X.; Bucci, E.; Piacentini, M.; Ippolito, G.; Melino, G. COVID-19 infection: The
perspectives on immune responses. Cell Death Differ. 2020, 27, 1451-1454. [CrossRef]

Liu, K,; Chen, Y,; Lin, R.; Han, K. Clinical features of COVID-19 in elderly patients: A comparison with young and middle-aged
patients. J. Infect. 2020, 80, e14—e18. [CrossRef]

Liu, Y;; Mao, B,; Liang, S.; Yang, ].-W.; Lu, H.-W,; Chai, Y.-H.; Wang, L.; Zhang, L.; Li, Q.-H.; Zhao, L.; et al. Association between
age and clinical characteristics and outcomes of COVID-19. Eur. Respir. J. 2020, 55, 2001112. [CrossRef] [PubMed]

Risk for COVID-19 Infection, Hospitalization, and Death By Age Group. 2021. Available online: https://www.cdc.gov/
coronavirus/2019-ncov/covid-data/investigations-discovery/hospitalization-death-by-age.html (accessed on 29 March 2020).
Takahashi, T.; Yale IMPACT Research Team; Ellingson, M.K.; Wong, P.; Israelow, B.; Lucas, C.; Klein, J.; Silva, J.; Mao, T.; Oh,
J.E.; et al. Sex differences in immune responses that underlie COVID-19 disease outcomes. Nat. Cell Biol. 2020, 588, 315-320.
[CrossRef]

Klein, S.L.; Flanagan, K.L. Sex differences in immune responses. Nat. Rev. Immunol. 2016, 16, 626—638. [CrossRef] [PubMed]
Richardson, S.; Hirsch, ].S.; Narasimhan, M.; Crawford, ].M.; McGinn, T.; Davidson, K.W.; Barnaby, D.P.; Becker, L.B.; Chelico, ].D.;
Cohen, S.L.; et al. Presenting Characteristics, Comorbidities, and Outcomes Among 5700 Patients Hospitalized With COVID-19
in the New York City Area. JAMA 2020, 323, 2052-2059. [CrossRef] [PubMed]

Nikpouraghdam, M.; Farahani, A.J.; Alishiri, G.; Heydari, S.; Ebrahimnia, M.; Samadinia, H.; Sepandi, M.; Jafari, N.J.; Izadi, M.;
Qazvini, A.; et al. Epidemiological characteristics of coronavirus disease 2019 (COVID-19) patients in IRAN: A single center
study. J. Clin. Virol. 2020, 127, 104378. [CrossRef]

Kabarriti, R.; Brodin, N.P.; Maron, M.1,; Guha, C.; Kalnicki, S.; Garg, M.K,; Racine, A.D. Association of Race and Ethnicity With
Comorbidities and Survival Among Patients With COVID-19 at an Urban Medical Center in New York. JAMA Netw. Open 2020, 3,
€2019795. [CrossRef]

Azar, KM.]J; Shen, Z.; Romanelli, R.].; Lockhart, S.H.; Smits, K.; Robinson, S.; Brown, S.; Pressman, A.R. Disparities In Outcomes
Among COVID-19 Patients In A Large Health Care System In California. Heal. Aff. 2020, 39, 1253-1262. [CrossRef]

Sze, S.; Pan, D.; Nevill, C.R,; Gray, L.J.; Martin, C.A.; Nazareth, J.; Minhas, ].S.; Divall, P.; Khunti, K.; Abrams, K.R.; et al. Ethnicity
and clinical outcomes in COVID-19: A systematic review and meta-analysis. EClinicalMedicine 2020, 29-30, 100630. [CrossRef]


http://doi.org/10.1001/jama.2020.1585
http://www.ncbi.nlm.nih.gov/pubmed/32031570
http://doi.org/10.3904/kjim.2020.329
http://doi.org/10.1016/S2213-2600(20)30079-5
http://doi.org/10.1001/jamainternmed.2020.0994
http://doi.org/10.1001/jama.2020.4683
http://www.ncbi.nlm.nih.gov/pubmed/32203977
http://doi.org/10.1016/S0140-6736(20)30251-8
http://doi.org/10.1002/jmv.25688
http://doi.org/10.1177/0194599820929640
http://www.ncbi.nlm.nih.gov/pubmed/32423368
http://doi.org/10.1164/rccm.201908-1581ST
https://www.ruralhealthinfo.org/states/west-virginia
https://talkpoverty.org/state-year-report/west-virginia-2020-report/
http://doi.org/10.1073/pnas.2019378118
http://www.ncbi.nlm.nih.gov/pubmed/33328335
http://doi.org/10.1038/d41586-020-02483-2
http://doi.org/10.1111/j.1749-6632.2000.tb06651.x
http://www.ncbi.nlm.nih.gov/pubmed/10911963
http://doi.org/10.1038/s41418-020-0530-3
http://doi.org/10.1016/j.jinf.2020.03.005
http://doi.org/10.1183/13993003.01112-2020
http://www.ncbi.nlm.nih.gov/pubmed/32312864
https://www.cdc.gov/coronavirus/2019-ncov/covid-data/investigations-discovery/hospitalization-death-by-age.html
https://www.cdc.gov/coronavirus/2019-ncov/covid-data/investigations-discovery/hospitalization-death-by-age.html
http://doi.org/10.1038/s41586-020-2700-3
http://doi.org/10.1038/nri.2016.90
http://www.ncbi.nlm.nih.gov/pubmed/27546235
http://doi.org/10.1001/jama.2020.6775
http://www.ncbi.nlm.nih.gov/pubmed/32320003
http://doi.org/10.1016/j.jcv.2020.104378
http://doi.org/10.1001/jamanetworkopen.2020.19795
http://doi.org/10.1377/hlthaff.2020.00598
http://doi.org/10.1016/j.eclinm.2020.100630

Viruses 2021, 13, 835 13 of 14

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

Baig, A.M.; Khaleeq, A.; Ali, U.; Syeda, H. Evidence of the COVID-19 Virus Targeting the CNS: Tissue Distribution, Host-Virus
Interaction, and Proposed Neurotropic Mechanisms. ACS Chem. Neurosci. 2020, 11, 995-998. [CrossRef]

Mizuiri, S.; Hemmi, H.; Arita, M.; Ohashi, Y.; Tanaka, Y.; Miyagi, M.; Sakai, K.; Ishikawa, Y.; Shibuya, K.; Hase, H.; et al.
Expression of ACE and ACE2 in Individuals With Diabetic Kidney Disease and Healthy Controls. Am. J. Kidney Dis. 2008, 51,
613-623. [CrossRef]

Fang, L.; Karakiulakis, G.; Roth, M. Are patients with hypertension and diabetes mellitus at increased risk for COVID-19 infection?
Lancet Respir. Med. 2020, 8, e21. [CrossRef]

Phelps, M.; Christensen, D.M.; Gerds, T.; Fosbol, E.; Torp-Pedersen, C.; Schou, M.; Keber, L.; Kragholm, K.; Andersson, C.;
Biering-Serensen, T.; et al. Cardiovascular comorbidities as predictors for severe COVID-19 infection or death. Eur. Hear. ]. Qual.
Care Clin. Outcomes 2021, 7, 172-180. [CrossRef] [PubMed]

Atkins, J.L.; Masoli, ].A.H.; Delgado, J.; Pilling, L.C.; Kuo, C.-L.; Kuchel, G.A.; Melzer, D. Preexisting Comorbidities Predicting
COVID-19 and Mortality in the UK Biobank Community Cohort. J. Gerontol. Ser. A Boil. Sci. Med. Sci. 2020, 75, 2224-2230.
[CrossRef] [PubMed]

Petrakis, D.; Margina, D.; Tsarouhas, K.; Tekos, F.; Stan, M.; Nikitovic, D.; Kouretas, D.; Spandidos, D.A.; Tsatsakis, A. Obesity—A
risk factor for increased COVID-19 prevalence, severity and lethality (Review). Mol. Med. Rep. 2020, 22, 9-19. [CrossRef]
[PubMed]

Tartof, S.Y.; Qian, L.; Hong, M.V.; Wei, M.R,; Nadjafi, R.E; Fischer, H.; Li, M.Z.; Shaw, D.S.F; Caparosa, M.S.L.; Nau, C.L.; et al.
Obesity and Mortality Among Patients Diagnosed With COVID-19: Results From an Integrated Health Care Organization. Ann.
Intern. Med. 2020, 173, 773-781. [CrossRef] [PubMed]

Sattar, N.; McInnes, I.B.; McMurray, J.J. Obesity Is a Risk Factor for Severe COVID-19 Infection. Circ. 2020, 142, 4-6. [CrossRef]
Klang, E.; Kassim, G.; Soffer, S.; Freeman, R.; Levin, M.A_; Reich, D.L. Severe Obesity as an Independent Risk Factor for COVID-19
Mortality in Hospitalized Patients Younger than 50. Obesity 2020, 28, 1595-1599. [CrossRef] [PubMed]

Yang, ].; Zheng, Y.; Gou, X.; Pu, K; Chen, Z.; Guo, Q.; Ji, R.; Wang, H.; Wang, Y.; Zhou, Y. Prevalence of comorbidities and its
effects in patients infected with SARS-CoV-2: A systematic review and meta-analysis. Int. J. Infect. Dis. 2020, 94, 91-95. [CrossRef]
Zhu, L,; She, Z.-G.; Cheng, X.; Qin, J.-].; Zhang, X.-]; Cai, ].; Lei, F; Wang, H.; Xie, ].; Wang, W.; et al. Association of Blood Glucose
Control and Outcomes in Patients with COVID-19 and Pre-existing Type 2 Diabetes. Cell Metab. 2020, 31, 1068-1077.e3. [CrossRef]
Xu, X.-K; Liu, X.F; Wu, Y;; Ali, S.T.; Du, Z.; Bosetti, P; Lau, E.H.Y.; Cowling, B.].; Wang, L. Reconstruction of Transmission Pairs
for Novel Coronavirus Disease 2019 (COVID-19) in Mainland China: Estimation of Superspreading Events, Serial Interval, and
Hazard of Infection. Clin. Infect. Dis. 2020, 71, 3163-3167. [CrossRef]

Adam, D.C.;; Wu, P; Wong, ].Y,; Lau, EH.Y,; Tsang, TK.; Cauchemez, S.; Leung, G.M.; Cowling, B.J. Clustering and superspreading
potential of SARS-CoV-2 infections in Hong Kong. Nat. Med. 2020, 26, 1714-1719. [CrossRef]

Fantini, J.; Chahinian, H.; Yahi, N. Synergistic antiviral effect of hydroxychloroquine and azithromycin in combination against
SARS-CoV-2: What molecular dynamics studies of virus-host interactions reveal. Int. J. Antimicrob. Agents 2020, 56, 106020.
[CrossRef]

Lauriola, M.; Pani, A.; Ippoliti, G.; Mortara, A.; Milighetti, S.; Mazen, M.; Perseghin, G.; Pastori, D.; Grosso, P.; Scaglione, F. Effect
of Combination Therapy of Hydroxychloroquine and Azithromycin on Mortality in Patients With COVID-19. Clin. Transl. Sci.
2020, 13, 1071-1076. [CrossRef] [PubMed]

Guisado-Vasco, P.; Valderas-Ortega, S.; Carralén-Gonzalez, M.M.; Roda-Santacruz, A.; Gonzalez-Cortijo, L.; Sotres-Fernandez, G.;
Marti-Ballesteros, E.M.; Luque-Pinilla, ]. M.; Almagro-Casado, E.; La Coma-Lanuza, E].; et al. Clinical characteristics and outcomes
among hospitalized adults with severe COVID-19 admitted to a tertiary medical center and receiving antiviral, antimalarials,
glucocorticoids, or immunomodulation with tocilizumab or cyclosporine: A retrospective observational study (COQUIMA
cohort). EClinicalMedicine 2020, 28. [CrossRef]

Chen, C.-P; Lin, Y.-C.; Chen, T.-C.; Tseng, T.-Y.; Wong, H.-L.; Kuo, C.-Y;; Lin, W.-P;; Huang, S.-R.; Wang, W.-Y,; Liao, ].-H.; et al.
A multicenter, randomized, open-label, controlled trial to evaluate the efficacy and tolerability of hydroxychloroquine and a
retrospective study in adult patients with mild to moderate coronavirus disease 2019 (COVID-19). PLoS ONE 2020, 15, e0242763.
[CrossRef]

Elavarasi, A.; Prasad, M.; Seth, T.; Sahoo, R.K.; Madan, K; Nischal, N.; Soneja, M.; Sharma, A.; Maulik, S.K.; Garg, P. Chloroquine
and Hydroxychloroquine for the Treatment of COVID-19: A Systematic Review and Meta-analysis. |. Gen. Intern. Med. 2020, 35,
3308-3314. [CrossRef]

Shah, S.; Das, S.; Jain, A.; Misra, D.P; Negi, V.S. A systematic review of the prophylactic role of chloroquine and hydroxychloro-
quine in coronavirus disease-19 (COVID-19). Int. ]. Rheum. Dis. 2020, 23, 613-619. [CrossRef]

Arshad, S.; Kilgore, P.; Chaudhry, Z.S.; Jacobsen, G.; Wang, D.D.; Huitsing, K.; Brar, I.; Alangaden, G.J.; Ramesh, M.S.; McKinnon,
J.E.; et al. Treatment with hydroxychloroquine, azithromycin, and combination in patients hospitalized with COVID-19. Int. .
Infect. Dis. 2020, 97, 396-403. [CrossRef] [PubMed]

Rodriguez-Molinero, A.; Pérez-Lopez, C.; Galvez-Barroén, C.; Mifarro, A.; Macho, O.; Lépez, G.E; Robles, M.T.; Dapena, M.D.;
Martinez, S.; Rodriguez, E.; et al. Observational study of azithromycin in hospitalized patients with COVID-19. PLoS ONE 2020,
15, €0238681. [CrossRef] [PubMed]

Wang, Y.; Zhang, D.; Du, G.; Du, R;; Zhao, J.; Jin, Y,; Fu, S.; Gao, L.; Cheng, Z.; Lu, Q.; et al. Remdesivir in adults with severe
COVID-19: A randomised, double-blind, placebo-controlled, multicentre trial. Lancet 2020, 395, 1569-1578. [CrossRef]


http://doi.org/10.1021/acschemneuro.0c00122
http://doi.org/10.1053/j.ajkd.2007.11.022
http://doi.org/10.1016/S2213-2600(20)30116-8
http://doi.org/10.1093/ehjqcco/qcaa081
http://www.ncbi.nlm.nih.gov/pubmed/33107909
http://doi.org/10.1093/gerona/glaa183
http://www.ncbi.nlm.nih.gov/pubmed/32687551
http://doi.org/10.3892/mmr.2020.11127
http://www.ncbi.nlm.nih.gov/pubmed/32377709
http://doi.org/10.7326/M20-3742
http://www.ncbi.nlm.nih.gov/pubmed/32783686
http://doi.org/10.1161/CIRCULATIONAHA.120.047659
http://doi.org/10.1002/oby.22913
http://www.ncbi.nlm.nih.gov/pubmed/32445512
http://doi.org/10.1016/j.ijid.2020.03.017
http://doi.org/10.1016/j.cmet.2020.04.021
http://doi.org/10.1093/cid/ciaa790
http://doi.org/10.1038/s41591-020-1092-0
http://doi.org/10.1016/j.ijantimicag.2020.106020
http://doi.org/10.1111/cts.12860
http://www.ncbi.nlm.nih.gov/pubmed/32926573
http://doi.org/10.1016/j.eclinm.2020.100591
http://doi.org/10.1371/journal.pone.0242763
http://doi.org/10.1007/s11606-020-06146-w
http://doi.org/10.1111/1756-185X.13842
http://doi.org/10.1016/j.ijid.2020.06.099
http://www.ncbi.nlm.nih.gov/pubmed/32623082
http://doi.org/10.1371/journal.pone.0238681
http://www.ncbi.nlm.nih.gov/pubmed/32881982
http://doi.org/10.1016/S0140-6736(20)31022-9

Viruses 2021, 13, 835 14 of 14

53.

54.

55.

56.

57.

58.

Wu, S.; Xue, L.; Legido-Quigley, H.; Khan, M.; Wu, H.; Peng, X,; Li, X; Li, P. Understanding factors influencing the length of
hospital stay among non-severe COVID-19 patients: A retrospective cohort study in a Fangcang shelter hospital. PLoS ONE 2020,
15, €0240959. [CrossRef]

Rees, E.M.; Nightingale, E.S.; Jafari, Y.; Waterlow, N.R; Clifford, S.; Pearson, C.A.B.; CMMID Working Group; Jombart, T.;
Procter, S.R.; Knight, G.M. COVID-19 length of hospital stay: A systematic review and data synthesis. BMC Med. 2020, 18, 1-22.
[CrossRef] [PubMed]

Feng, Z.; Yu, Q.; Yao, S.; Luo, L.; Zhou, W.; Mao, X; Li, J.; Duan, J.; Yan, Z.; Yang, M.; et al. Early prediction of disease progression
in COVID-19 pneumonia patients with chest CT and clinical characteristics. Nat. Commun. 2020, 11, 1-9. [CrossRef] [PubMed]
Rod, J.E.; Oviedo-Trespalacios, O.; Cortes-Ramirez, J. A brief-review of the risk factors for covid-19 severity. Revista Saiide Piiblica
2020, 54, 60. [CrossRef] [PubMed]

Hirashima, T.; Arai, T.; Kitajima, H.; Tamura, Y.; Yamada, T.; Hashimoto, S.; Morishita, H.; Minamoto, S.; Kawashima, K.; Kashiwa,
Y.; et al. Factors significantly associated with COVID-19 severity in symptomatic patients: A retrospective single-center study. J.
Infect. Chemother. 2021, 27, 76-82. [CrossRef] [PubMed]

Nguyen, N.T.; Chinn, J.; Nahmias, J.; Yuen, S.; Kirby, K.A.; Hohmann, S.; Amin, A. Outcomes and Mortality Among Adults
Hospitalized With COVID-19 at US Medical Centers. JAMA Netw. Open 2021, 4, e210417. [CrossRef] [PubMed]


http://doi.org/10.1371/journal.pone.0240959
http://doi.org/10.1186/s12916-020-01726-3
http://www.ncbi.nlm.nih.gov/pubmed/32878619
http://doi.org/10.1038/s41467-020-18786-x
http://www.ncbi.nlm.nih.gov/pubmed/33009413
http://doi.org/10.11606/s1518-8787.2020054002481
http://www.ncbi.nlm.nih.gov/pubmed/32491116
http://doi.org/10.1016/j.jiac.2020.09.022
http://www.ncbi.nlm.nih.gov/pubmed/33051144
http://doi.org/10.1001/jamanetworkopen.2021.0417
http://www.ncbi.nlm.nih.gov/pubmed/33666657

	Introduction 
	Methods 
	Study Design 
	Data Collection and Participant 
	Statistical Analysis 

	Results 
	Demographic Characteristics 
	Clinical Characteristics, Treatment, and Outcomes 
	Analysis for Outcomes 

	Discussion 
	Conclusions 
	References

