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Abstract

Introduction

Inherent differences as well as health disparities among rural and urban populations warrant

further studies focused on the characteristics and outcomes in COVID-19 patients in a rural

setting. The aim of this study was to describe these elements in patients infected with

SARS-CoV2, hospitalized at a single center in rural Pennsylvania.

Methods

Patients with SARS-CoV2 infections hospitalized between March-December 2020 were

studied. Data were obtained from electronic health records generated reports and was retro-

spectively analyzed. Patients were classified into three groups according to severity. Distri-

bution of variables was studied among these three groups. Using certain variables, we ran

logistic regression analysis to study the odds of death and requirement of mechanical venti-

lation (MV).

Results

Among 335 hospitalized patients infected with SARS-CoV2, age more than 65 years

increased the severity of clinical status and in-hospital mortality. Gender did not affect odds

of death nor need for MV. Hypertension was the most common comorbidity, but diabetes

mellitus and chronic obstructive pulmonary disease (COPD) increased the risk of death. In

terms of laboratory parameters, our data suggests that maximum LDH marginally increased

the risk of death and maximum WBC marginally increased the risk of need for MV and

death.
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Conclusion

Through our basic analysis of various characteristics of SARS-CoV2 positive patients admit-

ted in a rural hospital, we have identified certain risk factors associated with severe disease

and increased in-hospital mortality. These were found to be largely similar to current litera-

ture from studies in urban populations, bolstering the reproducibility and generalizability of

existing knowledge. This information lays the foundation for future studies to investigate the

role of these factors in morbidity and mortality associated with COVID-19 in depth.

Introduction

COVID-19, disease caused by a novel coronavirus has rapidly evolved into a pandemic since a

cluster of cases were identified in Wuhan, China in December 2019 [1]. United States (US)

reported the first case in the country in January 2020 at Snohomish County in Washington

[2]. As of March 1, 2022, the total number of cases in the US alone has reached 78,900,375 or

24,071.5 cases per 100,000 people [3].

Identifying the characteristics of population at risk of severe outcomes and mortality has

public health implications and can inform interventions for disease control, risk stratification

and resource allocation. Several studies have evaluated the impact of demographics on

COVID-19 related mortality. Most of these are focused on large geographic distributions and

urban populations. Health disparities exist between urban and rural populations. As the aver-

age age of adults residing in rural areas in the US is higher [4] with significantly greater num-

ber of comorbidities [5], and with barriers to care access [6], impact of COVID-19 on rural

population may be different than urban population.

Guthrie Robert Packer Hospital (RPH) is a not-for-profit community teaching hospital and

an entity under The Guthrie Clinic (TGC). RPH is located in Sayre, Pennsylvania (PA) and is

a 254-bed tertiary care hospital that serves the Southern Tier region of New York (NY) and the

Northern Tier region of PA. The primary service area for RPH includes Bradford County,

Tioga County of PA and Chemung County, Tioga County of NY. According to the Commu-

nity Health Needs Assessment report in February 2019, among the population served by RPH,

92% is White, non-Hispanic and 20% more than 65 years of age. All four counties have higher

rates of obese and overweight individuals compared to national average [7]. These demo-

graphic and health related differences contribute to the uniqueness of our patient population.

In this study based in the rural northeast PA region of the US, we have characterized the

demographics, comorbidities burden and laboratory abnormalities of hospitalized patients

infected with severe acute respiratory syndrome coronavirus 2 (SARS-CoV2) with an aim to

identify the independent risk factors associated with severity and mortality.

Methods

This was a retrospective observational cohort study conducted at RPH. Study period was from

March 2020 (when the first inpatient admission related to COVID-19 was noted in our hospi-

tal) till December 31, 2020. Hospitalized patients with SARS-CoV2 infection confirmed with a

positive reverse transcription polymerase chain reaction (RT-PCR) before or after 14 days of

admission date were our study subjects. A cut-off of 14 days was chosen to grossly account for

the duration of symptomatic illness and incubation period of COVID-19. As the PCR may be

negative in early incubation period, 14 days after the admission was included [8]. Only those
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who had an outcome by December 31st, 2020, were included in the study. Outcome was

defined as a record of discharge from the hospital or in-hospital death. Patients with an inci-

dental finding of SARS-CoV2 infection were included. Patients less than 18 years of age were

excluded. Patients transferred to sister hospitals within 24 hours of presentation to the emer-

gency department due to lack of bed availability in our hospital or patients transferred to qua-

ternary care hospitals for specialized services that were unavailable in our hospital were also

excluded. In case of patients who had readmissions during the study period, only index hospi-

talization was considered.

The Institutional Review Board (IRB) of the Guthrie Clinic (IRB00000918) approved the

study. As this was a retrospective study with no more than minimal risk to the subjects, a

request to waive the informed consent was approved by IRB. Waiving the informed consent is

not expected to adversely affect the rights and welfare of the subjects.

Data were collected in the form of an electronic health record (EHR) generated (Epic)

reports. Data points included demographic information, pregnancy status, comorbidities,

smoking history, laboratory parameters, and certain treatment modalities. Demographic infor-

mation included age, gender, and race. Age was categorized as ‘less than 65’ for patients less

than 65 years and ‘65 and above’ for patients 65 years and above. Comorbidities included were

diabetes mellitus (DM), hypertension, chronic obstructive pulmonary disease (COPD),

congestive heart failure (CHF), chronic kidney disease (CKD). Laboratory parameters

included: hemoglobin, white blood cell count (WBC), lymphocyte count, platelet count, LDH,

ferritin, CRP, D-dimer, on admission and during the hospitalization. Treatment characteris-

tics included baseline supplemental oxygen use, transfer to intensive care unit (ICU), need for

mechanical ventilation (MV), length of stay and disposition from index admission.

Patients were categorized into non-severe, severe, and critical groups based on their worst

clinical status during the hospitalization. We defined non-severe as patients who did not need

more oxygen than at their baseline, severe as those who needed any kind of supplemental oxy-

gen exceeding their baseline need, and critical as those who were admitted to the ICU or

required MV. These groups were based on the National Institute of Health (NIH) guidelines

with an assumption that presence of pneumonia will cause hypoxia and need for supplemental

oxygen exceeding baseline oxygen need [9].

Admitted patients were managed according to local guidelines that advised use of remdesi-

vir and dexamethasone in patients with hypoxia (SpO2 less than 94%) or requiring more than

baseline oxygen supplementation.

We measured the differences among our three pre-defined severity groups in demograph-

ics, hospital length of stay, comorbidities, and laboratory parameters. All continuous variables

were compared using Kruskal Wallis H-test/Analysis of Variance and categorical variables

using chi-square test statistic.

We ran univariate and multivariate logistic regression to calculate the odds the death and

odds of patient needing MV using variables that are shown to have an association with mortal-

ity, need for MV and/or severity in current COVID-19 literature. Variables with non-signifi-

cant difference among the three groups in univariate analysis were still included in

multivariate analysis due to our small sample size. Variables chosen were: age category, gender,

BMI category, comorbidities, smoking status, laboratory parameters during the course of hos-

pitalization (minimum hemoglobin concentration, maximum WBC count, minimum lym-

phocyte count, minimum platelet count, maximum ferritin, maximum LDH count, maximum

D-Dimer, and maximum CRP) and patient’s treatment status with remdesivir and corticoste-

roids (CS). For the regression analysis we used LDH values divided by 10 to interpret the

change in odds for every 10-unit change in LDH value. Some variables had missing data; this
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is reported in S1 Table. Observations with missing data were excluded from the regression

models. All statistical analysis was done on RStudio v4.0.2 [10].

The Strengthening the Reporting of Observational Studies in Epidemiology (STROBE)

guidelines for reporting observational studies were followed [11].

Results

There was a total of 335 patients included in this study after the application of inclusion and

exclusion criteria as stated above. Out of these, 69 patients were in non-severe group, 166

patients in severe group and 100 patients in critical group. The logistic regression analysis was

conducted on 232 patients after removing observations with missing values. Of the 232

patients included in the logistic regression, 29 were non-severe cases, 134 were severe and 69

were in critical group (Fig 1).

Table 1 shows demographics and comorbidities between these groups. The median age of

patients being admitted was 72 years with significant differences between the three groups.

The median length of hospital stay was 6 days. Non-severe patients tended to have shorter

stays and critical patients had longer stays with median 7.5 days and IQR 10.2 days. In non-

severe and severe groups, 46.4% and 48.2% patients were male respectively. However, in criti-

cal group, 64% of patients were male and this proportion was significantly different compared

to the non-severe and severe groups. The median BMI of the study population was 31.2 kg/m2

and 95.8% of all patients were Caucasians. Median BMI tended to increase according to the

Fig 1. Consort diagram.

https://doi.org/10.1371/journal.pone.0267468.g001
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severity, this difference did not reach statistical significance. History of smoking (either cur-

rent or former) was noted in 51.9% of all patients. Although percentages of patients with

smoking history were noted to increase according to severity, this difference was not statisti-

cally significant. Most common comorbidity was hypertension which was present in 69% of

the patients followed by DM, noted in 43% of the patients. Higher prevalence of DM was

noted in critical patients (54%) compared to non-severe patients (29%). Overall in-hospital

mortality was 19.4%, and it was highest in critical patients at 51%. Total in-hospital mortality

Table 1. Demographics, comorbidities, vital status, and treatment modalities between the three severity groups.

Non-severe (n (%)) Severe (n (%)) Critical (n (%)) Total p

Sample size (n) 69 166 100 335

Age a � 68.0 (56–79) 73.0 (65–81) 72.5 (64–79) 72.0 (63–80) 0.037

Age Category �

• 65 and above 40 (58.0) 125 (75.3) 74 (74.0) 239 (71.3) 0.022

• Less than 65 29 (42.0) 41 (24.7) 26 (26.0) 96 (28.7)

BMIa 29.2 (24.5–39.8) 31.4 (27.69–38.05) 32.0 (26.98–37.75) 31.2 (26.96–37.73) 0.183

BMI category

• Normal 15 (21.7) 28 (16.9) 11 (11.0) 54 (16.1) 0.251

• Overweight 15 (21.7) 36 (21.7) 27 (27.0) 78 (23.3)

• Obese 17 (24.6) 63 (38.0) 43 (43.0) 123 (36.7)

• Severe Obesity 9 (13.0) 30 (18.1) 15 (15.0) 54 (16.1)

• Missing 13(18.8) 9(5.4) 4(4.0) 26(7.8)

Hospital LOS a� 4.0 (2–7) 7.0 (5–10) 7.5 (4–14.25) 6.0 (4–10) <0.001

Gender�

• Female 37 (53.6) 86 (51.8) 36 (36.0) 159 (47.5) 0.023

• Male 32 (46.4) 80 (48.2) 64 (64.0) 176 (52.5)

Pregnancy 5 (7.2) 0 (0) 0 (0) 5 (1.5) <0.001

Race

• Black or African American 2 (2.9) 4 (2.4) 6 (1.8) 0.447

• Patient Refused 1 (1.4) 1 (1.0) 2 (0.6)

• Unknown 1 (1.4) 1 (0.6) 2 (2.0) 4 (1.2)

• White 65 (94.2) 159 (95.8) 97 (97.0) 321 (95.8)

• Asian 2 (1.2) 2 (0.6)

Smoking status c 30 (43.5) 88 (53.0) 56 (56.0) 174 (51.9) 0.257

Diabetes�c 20 (29.0) 70 (42.2) 54 (54.0) 144 (43.0) 0.005

HTN c 44 (63.8) 122 (73.5) 65 (65.0) 231 (69.0) 0.202

COPD c 10 (14.5) 32 (19.3) 14 (14.0) 56 (16.7) 0.459

CHF c 17 (24.6) 49 (29.5) 22 (22.0) 88 (26.3) 0.379

CKD c 14 (20.3) 40 (24.1) 23 (23.0) 77 (23.0) 0.819

Vital status� (Expired) 1 (1.4) 13 (7.8) 51 (51.0) 65 (19.4) <0.001

Remdesivir� t 11 (15.9) 129 (77.7) 65 (65.0) 205 (61.2) <0.001

Steroid Use� t 20 (29.0) 139 (83.7) 84 (84.0) 243 (72.5) <0.001

Data is presented as number of patients (%).
a: Non-normal distributions presented as median [IQR].

� P <0.05, Statistically significant. Abbreviations: BMI: Body Mass Index; HTN: Hypertension; COPD: Chronic Obstructive Pulmonary Disease; CHF: Congestive Heart

Failure; CKD: Chronic Kidney Disease.
c: Prevalence of comorbidity in each severity group.
t: Percentage of patients treated with drug. Vital status (Expired) stands for death.

https://doi.org/10.1371/journal.pone.0267468.t001
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was 6/29 (20%) before and 59/306 (19%) after RECOVERY trial results were released on June

16, 2020.

Comparison of laboratory factors among the groups is shown in Table 2. Inflammatory

markers like LDH, ferritin, CRP and D-dimer tended to be significantly different according to

the severity of the disease. The difference was noted as early as day 1 of admission. Patients in

critical group had significantly higher WBC and lower lymphocyte counts compared to other

groups, this was noted on day 1 of presentation as well as during the hospital stay.

Tables 3 and 4 show the effect of comorbidities and laboratory parameters on the odds of

death and MV, respectively. In the univariate and multivariate logistic regression for odds of

death, age category, COPD, DM, maximum LDH and maximum WBC significantly affected

mortality. Patients with DM were 9.48 times more likely to die compared to patients who were

not diabetic with a 95% confidence interval (CI) of (2.85–37.48) when adjusted for other fac-

tors. Having COPD increased the odds of death by 5.24 times with a CI of 1.26–22.91 when

adjusted for other factors. CS use was associated with higher odds of death. Maximum WBC

marginally increased the odds of requiring MV. Hypertension and low hemoglobin appeared

to be protective of need for MV.

Discussion

Our study has corroborated current knowledge that older adults with COVID-19 are at

increased risk of unfavorable outcomes. In a report from Chinese CDC, although an overall

case fatality rate (CFR) was 2.3%, age specific CFR was much higher in older patients; 8% in

those aged 70–79 years and 14.8% in those aged 80 and older [12]. In a study from Italy,

authors observed increasing CFR in older patients, with 1% in patients between 50–59 years

and 20.2% in those aged 80 years or older [13]. A large cohort study from UK showed

Table 2. Laboratory parameters between the three severity groups.

Variable (units) [normal range] Non-severe Severe Critical p

Median (IQR) Median (IQR) Median (IQR)

LDH day 1� (U/L) [313–618 U/L] 286.0 (213–352) 319.0 (245–432) 417.0 (298.25–595.5) <0.001

Max LDH� (U/L) [313–618 U/L] 298.5 (232–339.25) 360.0 (272.25–478) 517.0 (351–737.5) <0.001

Ferritin day 1� (NG/ML) [18.0–464.0] 364.0 (144.5–695.25) 411.0 (204.75–780.25) 688.5 (368.75–1606.75) 0.002

Max Ferritin� (NG/ML) [18.0–464.0] 389.0 (171–585.5) 514.5 (279.25–1013.75) 855.0 (441–1635) <0.001

CRP day 1� (mg/dl) [<0.5] 2.9 (1.65–4.57) 4.3 (2.28–9.17) 9.7 (3.59–17.66) <0.001

Max CRP� (mg/dl) [<0.5] 3.1 (1.87–5.49) 5.6 (2.31–9.70) 14.6 (7.25–21.91) <0.001

D-Dimer day 1� (UG/ML) [0–6.5] 1.0 (0.54–1.81) 1.1 (0.70–2.01) 2.0 (0.90–3.96)

Max D-Dimer� (UG/ML) [0–6.5] 1.0 (0.54–1.79) 1.2 (0.66–2.24) 3.0 (1.53–5.75) <0.001

Hemoglobin day 1 (g/dL) [13.7–17.5] 13.1 (11.35–14.40) 13.0 (11.4–14.4) 12.7 (10.58–14.0) 0.275

Min Hemoglobin� (g/dL) [13.7–17.5] 12.0 (10.2–12.9) 11.6 (10.3–13.2) 10.2 (8.08–12) <0.001

WBC day 1� (K/uL) [4.23–9.07] 6.7 (5.06–9.78) 6.9 (5.20–9.63) 10.7 (7.2–16.34) <0.001

Max WBC� (K/uL) [4.23–9.07] 7.4 (5.60–9.88) 9.8 (7.59–13.51) 15.9 (10.94–21.7) <0.001

Min WBC� (K/uL) [4.23–9.07] 4.5 (3.73–6.12) 5.1 (3.65–6.69) 6.7 (4.67–10.21) <0.001

Platelets day 1 (K/uL) [163–337] 203.0 (169.5–248.5) 194.0 (158–243) 190.5 (157–253.3) 0.84

Min platelet� (K/uL) [163–337] 180.0 (138.5–272.5) 165.0 (133–207) 153.5 (106.5–193.5) 0.005

Lymphocytes day� 1 (K/uL) [1.32–3.57] 1.3 (0.89–1.82) 1.0 (0.72–1.48) 1.0 (0.62–1.55) 0.02

Min lymphocytes� (K/uL) [1.32–3.57] 0.9 (0.63–1.22) 0.6 (0.42–0.91) 0.5 (0.29–0.68) 0.001

Abbreviations: min: Minimum; max: Maximum; LDH: Lactate dehydrogenase; CRP: C-reactive protein; WBC: white cell count

�: Laboratory parameters with significant difference between any two severity groups at 95% level of significance.

https://doi.org/10.1371/journal.pone.0267468.t002
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increasing age to be strongly associated with risk of COVID-19 related death, with people aged

80 or over having a more than 20-fold-increased risk compared to 50–59-year-olds [14]. Simi-

lar trends of increased mortality among older patients have been shown among hospitalized

patients. In a study of 5700 patients hospitalized in NY area, higher mortality was seen among

patients more than 65 years of age compared to those between 18–65 years irrespective of need

for MV [15]. More recently, a large cohort study by Nguyen et al. showed that hospital mortal-

ity increased in association with increasing age [16].

In our study, although more males tended to be in critical group, gender did not affect the

odds of death nor MV in the regression analysis. Shah et al. reported observations from hospi-

talized COVID-19 patients in rural Southwest Georgia [17]. In their study, female gender was

associated with reduction in in-hospital-mortality. A prospective observational study from

Italy did not find gender-based difference in in-hospital mortality [18]. A systematic review

and meta-analysis Liid et al. found association of male gender with increased severity of

COVID-19 [19].

A likely explanation of increasing mortality with age is the higher burden of comorbidities

in older patients. Hypertension is the most common comorbidity among our studied patients.

We noted DM and COPD to have independently increased the odds of death. Systematic

review and meta-analysis by Mudatsir et al. identified comorbidities associated with a higher

risk of severe disease, these included chronic respiratory disease, hypertension, diabetes melli-

tus and cardiovascular disease [20]. In a metanalysis by Kumar et al., diabetics were found to

have a two-fold increase in mortality as well as severity of COVID-19, as compared to non-dia-

betics [21]. Meta-analysis by Huang et al. showed that DM was associated with mortality,

severe COVID-19, acute respiratory distress syndrome (ARDS), and disease progression in

patients with COVID-19 [22]. The impact of patterns of glycemic control in diabetics on this

effect on mortality and severity remains to be explored. In a recent nationwide study from

Korea, COPD independently increased mortality among COVID-19 patients [23].

We studied the associations of the hematological parameters on admission and through the

hospital stay with severity, and noted that minimum hemoglobin, maximum WBC, minimum

lymphocyte counts, and minimum platelet counts were associated with higher severity. These

findings are in alignment with the report by Rahman et al. [24]. Nadir platelet counts did not

affect the odds of death significantly, as shown in Table 3. Hypertension and minimum hemo-

globin reduced the odds of requiring MV (Table 4), however, this should be cautiously inter-

preted as other factors affecting MV like do-not-resuscitate/do-not-intubate status, goals of

care discussions and forgoing MV, were not considered in our study. Factors like ethnicity,

stage of hypertension, degree of control of blood pressure, impact of specific classes of antihy-

pertensive drugs and degree of anemia may affect these results [25, 26].

The inflammatory markers were noted to be higher in more severe groups and this differ-

ence was apparent on day 1 of presentation. Maximum LDH level was shown to be an inde-

pendent risk factor, marginally increasing the odds of death. In a study done in the emergency

department of Italy, elevated LDH was found to have an inverse relation with the respiratory

performance and was an independent risk factor for the severity and mortality of COVID-19

[27].

Dexamethasone was inconsistently used in our patients with COVID-19 prior to the news

release of RECOVERY on June 16, 2020. After these results were available, local guidelines

advised use of remdesivir and dexamethasone if patients had hypoxia with SpO2 less than 94%

or requiring more than baseline oxygen supplementation. Thus, adherence to the guidelines

may explain correlation, not causation, of CS use with severe disease and death raising the pos-

sibility of spurious association. CS use may be a proxy for a more severe patient status instead

of being an actual risk factor for death. However, there are several limitations in interpreting
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this finding. Post-hoc data from RECOVERY showed that the timing of CS therapy in treat-

ment of COVID-19 may affect outcomes. Dexamethasone treatment was associated with a

reduction in 28-day mortality among those with symptoms for more than 7 days but not

among those with a symptom onset less than 7 days [28]. Data by Keller et al. showed that

early CS in patients with low CRP (<10 mg/dl) was associated with significantly increased risk

of mortality or MV [29]. A recently published prospective multicentric study showed an inde-

pendent association of CS use in critically ill elderly (70 years and older) COVID-19 patients

with increased mortality [30]. Our data included older patient population with median age of

72 years and 71.3% patients above the age of 65 years. As we did not include factors like pre-

hospitalization use of CS, specifics of CS use (timing, type, dose, or duration) during hospitali-

zation, degree of inflammatory response and days since onset of symptoms, no definite conclu-

sions can be drawn related to the effects of CS use on severity or mortality. The population

served by RPH includes older patients with higher number of comorbidities and more patients

in overweight and obese categories. Increasing age, obesity and burden of comorbidities are

known risk factors for severe COVID-19 disease and this potentially explains the higher in-

Table 3. Multivariate logistic regression calculating odds of death for each variable.

Variable Multivariate Odds Ratios (95% CI, p-value)

Age category (Less than 65) � 0.04 (0.00–0.29)

Gender (Male)
BMI Category
Normal -

Overweight -

Obese -

Severe Obesity -

Smoking status (Yes) c -

COPD (Present) c, � 5.24 (1.26–22.91)

Diabetes (Present) c, � 9.48 (2.85–37.48)

HTN (Present) c -

CHF (CHF) c -

CKD (CKD) c -

Max Ferritin -

Min Hemoglobin -

Min Platelets -

Max LDH�, �� 1.01 (1.00–1.01)

Max D-Dimer -

Minimum lymphocyte count -

MaxWBC� 1.14 (1.06–1.23)

Max CRP -

Steroid Use� (Yes) t 24.35 (2.67–318.19)

Remdesivir (Yes) t -

Abbreviations: min: Minimum; max: Maximum; BMI: Body Mass Index; HTN: Hypertension; COPD: Chronic

Obstructive Pulmonary Disease; CHF: Congestive Heart Failure; CKD: Chronic Kidney Disease; LDH: Lactate

dehydrogenase; CRP: C-reactive protein; WBC: white cell count; c: Odds of dying among patients with comorbidities

compared with no comorbidity. t: Odds of dying among patients with treatment compared with no treatment.

�: Variables significantly affecting the odds of death

��: LDH values were divided by 10 and the odds of death should be interpreted for every 10 unit increase in LDH

values.

https://doi.org/10.1371/journal.pone.0267468.t003
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hospital mortality rate. Factors such as access to care, attitudes of population in rural settings

are expected to impact thresholds of hospitalizations, in turn affecting severity at the time of

admission and in-hospital mortality.

Limitations

We acknowledge the limitations of our study. The data extraction was done via discrete data

fields from the EHR. This precludes the precision obtained through a manual review. Situa-

tions of temporary oxygen need not discretely recorded may have been missed by the analysis

therefore would result in incorrect classification of patients as non-severe. Unequal distribu-

tion of the missing data among the severity groups as reported in S1 Table has a potential to

affect the results. We have included all patients with a positive RT-PCR for SARS-CoV2. Thus,

patients admitted for reasons other than COVID-19 and incidentally found SARS-CoV2 posi-

tive patients were included. The role of socioeconomic status in disease prevalence and pro-

gression was beyond the scope of this study. The specifics of treatment regimen of remdesivir

(duration) and CS (timing, type, dose, and duration) were not studied. Impact of new variants

Table 4. Multivariate logistic regression calculating odds of MV for each variable.

Multivariate Odds Ratios (95% CI, p-value)

Age category (Less than 65) -

Gender (Male) -

BMI Category
Normal -

Overweight -

Obese -

Severe Obesity -

Smoking status (Yes) c -

COPD (Present) c -

Diabetes (Present) c -

HTN� (Present) c 0.09 (0.01–0.67)

CHF (CHF) c -

CKD (CKD) c -

Max Ferritin -

Min Hemoglobin� 0.71 (0.49–0.97)

Min Platelets -

Max LDH� , �� -

Max D-Dimer -

Minimum lymphocyte count -

MaxWBC� 1.31 (1.17–1.53)

Max CRP -

Steroid Use (Yes) t -

Remdesivir (Yes) t -

Abbreviations: min: Minimum; max: Maximum; BMI: Body Mass Index; HTN: Hypertension; COPD: Chronic

Obstructive Pulmonary Disease; CHF: Congestive Heart Failure; CKD: Chronic Kidney Disease. c: Odds of MV

among patients with the comorbidity compared with no comorbidity. t: Odds of MV among patients with treatment

compared with no treatment.

�: Variables significantly affecting the odds of MV

��: LDH values were divided by 10 and the odds of MV should be interpreted for every 10 unit increase in LDH

values.

https://doi.org/10.1371/journal.pone.0267468.t004
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of concern and vaccination against SARS-CoV-2 limit the generalizability of the data. Dis-

charge disposition may impact length of stay, this was not studied. The clinical capacity of our

center, criteria for upgrading from one setting to the other and other health disparities specific

to our population may affect the external validity of the data and are beyond the scope of this

study.

Conclusion

We have summarized our findings of a preliminary study broadly focused on various aspects

of the disease in our patient population. Our study serves to validate current knowledge

regarding severity and mortality related to COVID-19 in a rural US population. This is aimed

to lay the groundwork for an in-depth scrutiny of identified risk factors as our experience and

knowledge of this novel disease deepens.
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