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Abstract: On 1 August 2020, South Africa’s Minister of Health announced that more than half of a
million coronavirus cases were confirmed in the country. South Africa was by far the hardest-hit
country in Africa, accounting for half of all infections reported across the continent. The prevalence of
underlying conditions such as fever and blood oxygen saturation (SpO2) has been known known to
be a significant determinant in the hospitalisation of COVID-19 patients. Low oxygen saturation on
admission was reported as a strong predictor of in-hospital mortality in COVID-19 patients. The study
sought to assess the association between body temperature and other clinical risk factors with low
SpO2 among COVID-19 inpatient case fatalities. A quantitative retrospective study was carried out
in Limpopo Province, employing secondary data from the Limpopo Department of Health (LDoH)
on COVID-19 inpatients case fatalities across all districts in the province. The chi-square test and
Pearson’s correlation coefficient were used to assess the relationship between body temperature and
clinical risk factors with SpO2 levels. The findings of this paper indicated that age (older age), chills,
sore throat, anosmia, dysgeusia, myalgia/body aches, diarrhoea and HIV/AIDS were associated with
low SpO2 in-hospital mortality in COVID-19 patients. Nasal prongs and a face mask with a reservoir
for respiratory support cannula were commonly used patient interfaces to provide supplemental
oxygen, with the use of only a high-flow nasal cannula (HFNC) being minimal (7%). The majority of
COVID-19 inpatient fatalities had normal body temperature (<38 ◦C) and SpO2, with no correlation
between the two variables. Considering temperature screening as a possible strategy to combat the
spread of COVID-19 or suspicious COVID-19 cases appeared, then, to be a pointless exercise. This
study aimed to recommend new clinical criteria for detecting COVID-19 cases.
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1. Introduction

Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) was discovered in
January 2020. The virus has since spread exponentially and caused human suffering
throughout the world [1–3]. By March 2020, the World Health Organization (WHO) had
declared the spread of the coronavirus disease (COVID-19) a pandemic because of the
high number of deaths. As of February 2022, this highly infectious pathogen has infected
most of the individuals throughout the world, with over 426 million confirmed cases of
COVID-19 and a large number of patients requiring hospitalisation [4]. On 1 August 2020,
South Africa’s Minister of Health announced that more than half a million coronavirus
cases had been confirmed in the country [5,6]. South Africa was by far the hardest-hit
country in Africa, accounting for half of all infections reported across the continent [5,6].
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As the pandemic continues to wear on, more deaths are expected unless proper
management is put in place in terms of prevention, transmission control and treatment of
the disease. COVID-19 is characterised by bilateral pneumonia, progressing in several cases
to acute respiratory syndrome (ARDS), with the subsequent need for intensive care unit
(ICU) admission and a high mortality rate [7,8]. An increased respiratory rate, decreased
oxygen levels or an increased supplementary oxygen requirement are all clinical indicators
of respiratory failure. Patients may also report chest tightness and/or an inability to
breathe deeply, as well as an increasing appearance and/or feeling of anxiety [9]. These
symptoms, along with psychological distress and fear, exacerbate breathlessness by raising
the respiratory rate even more, necessitating immediate medical attention. Blood oxygen
saturation (SpO2) and/or arterial or capillary oxygen partial pressure (PaO2 or PcO2) are
used to determine oxygen levels [9]. Unless hypercapnia is a concern, SpO2 is preferred
during COVID-19 because it is simple and quick to monitor [9,10].

Adults with COVID-19 who are receiving supplemental oxygen have an optimal SpO2
that is unknown [10]. However, a target SpO2 of 92 to 96 percent seems reasonable, given
that indirect evidence from patients without COVID-19 suggests that SpO2 levels of 92 to
96 percent may be harmful [10]. The prevalence of underlying conditions, such as fever
and SpO2, is known to be a significant determinant in the hospitalisation of COVID-19
patients [9–11]. In addition, several studies have reported hospitalised COVID-19 patients
with low oxygen saturation [10,12,13]. Low oxygen saturation on admission is reported as
a strong predictor of in-hospital mortality in COVID-19 patients [12]. COVID-19-related
complications and mortality rates reported in various countries have varied considerably.
Clinicians have noted that patients with suspected COVID-19 had a fever, shortness of
breath, myalgia and relatively low oxygen saturation [14,15]. In Italy, Toniati et al. reported
that a large number of patients were admitted to hospitals with pneumonia and acute res-
piratory failure [16]. In a study in Wuhan in China, high fever (body temperature > 39 ◦C)
was associated with a higher likelihood of acute respiratory distress syndrome [17]. How-
ever, a study conducted on children treated in the paediatric emergency department (PED)
at the Shaare Zedek Medical Center found that body temperature in children was associated
with decreased SpO2 [18]. There are few published studies that have looked at clinical
risk factors and body temperature as potential markers for low oxygen saturation among
COVID-19 inpatients in Limpopo Province, South Africa. Therefore, the purpose of this
study was (1) to determine the correlation between body temperature and oxygen satu-
ration in COVID-19 inpatient case fatalities, and (2) to investigate the clinical risk factors
associated with low oxygen saturation.

2. Materials and Methods
2.1. Study Setting, Period and Design

A clinical retrospective study was carried out in Limpopo Province employing sec-
ondary data from the Limpopo Department of Health (LDoH) on COVID-19 inpatients
across all districts of the province. The LDoH’s COVID-19 response consisted of surveil-
lance and epidemiology, with data collected and analysed between March 2020 and June
2021. Limpopo Province has 41 public hospitals that admit patients who have been referred
from their homes, from clinics or other hospitals. The study included 1119 patient clinical
records of laboratory-confirmed COVID-19 cases and excluded non-laboratory-confirmed
COVID-19 cases (30 patients). Out of a total 1149 patients, the proportion of the sampling
units included was 97%. Permission to conduct a research study was granted by the
Limpopo Provincial Health Research Committee (LP_2021-11-017).

2.2. Statistical Analysis

The data were extracted from LDoH databases, coded, recorded and entered into
Microsoft Excel before being imported into the Statistical Package for Social Science (SPSS)
version 26 (IBM, Armonk, New York, NY, USA) for analysis. The data were presented in
the form of percentages and frequencies. The chi-square test and Pearson’s correlation
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coefficient were used to assess the relationship between body temperature and clinical risk
factors with SpO2 levels. SPSS version 26 was used for all statistical analyses.

2.3. Data Collection and Validation

This study used mortality audit data to examine all deaths caused in hospitalised
COVID-19 patients between the first (16 March 2020 to 31 October 2020) and second
(1 November 2020 to 31 March 2021) pandemic waves. The LDoH developed the COVID-19
in-patient mortality audit tool, which was thoroughly validated by LDoH officials, with
the help of the WHO COVID-19 provincial support team. The tool was administered and
completed by each hospital audit team. The audit was done in a group setting with the
help of a senior clinical manager and a nursing service manager. The data were collected
from 41 hospitals in all five districts of Limpopo Province, namely: Waterberg, Mopani,
Capricorn, Vhembe and Sekhukhune.

3. Results

Table 1 summarises the demographic and clinical characteristics of hospitalised pa-
tients. Of the 1119 patients, the majority were aged 60 years and above (69%), followed by
those aged 50–59 (15%), in all districts. The majority of patients (53%) were hypertensive
in all districts, with the exception of the Vhembe District. Diabetes mellitus prevalence
was more than 50% in both the Capricorn and Mopani districts. In terms of clinical pre-
sentation, most patients had a fever (55%), a cough (81%), shortness of breath (84%) and
myalgia/body aches (60%). In terms of gender, more females (52.7%) were hospitalised
compared to males (47.3%).

Table 1. Demographic and clinical characteristics of hospitalised patients with COVID-19.

Overall Percentage Capricorn Mopani Sekhukhune Vhembe Waterberg
Age

20–29 10 1% 9 (1.8%) 2 (0.9%) 0 (0%) 2 (0.7%) 0 (0%)
30–39 62 6% 17 (3.4%) 14 (6.4%) 6 (6.4%) 22 (7.9%) 3 (5.3%)
40–49 101 9% 46 (9.2%) 23 (10.5%) 8 (8.5%) 24 (8.6%) 5 (8.8%)
50–59 172 15% 65 (13%) 31 (14.2%) 12 (12.8%) 55 (19.7%) 11 (19.3%)
60+ 774 69% 362 (72.5%) 149 (68%) 68 (72.3%) 176 (63.1%) 38 (66.7%)

Gender

Male 544 47.3% 226 (45.3%) 102 (47%) 52 (55.3%) 133 (47.7%) 30 (52.6%)
Female 604 52.7% 273 (54.7%) 116 (53%) 42 (44.7%) 146 (52.3%) 27 (47.4%)

Comorbid Conditions

HIV/AIDS 141 19% 60 (20.3%) 31 (24.4%) 15 (18.8%) 27 (13.2%) 8 (16.7%)
TB 37 5% 15 (6%) 4 (3.9%) 1 (1.3%) 10 (5%) 7 (14.6%)

COPD 18 3% 13 (5.3%) 1 (1%) 0 (0%) 2 (1%) 2 (4.2%)
Hypertension 586 64% 263 (69.9% 127 (73%) 57 (62%) 111 (49.1%) 28 (53.8%)

Diabetes Mellitus 450 52% 199 (56.9%) 95 (62.5%) 28 (33.3%) 105 (46.9%) 23 (42.6%)
Asthma 35 5% 17 (6.6%) 5 (5.2%) 2 (2.7%) 8 (4.1%) 3 (6.3%)
Obesity 81 12% 42 (15.3%) 22 (20.4%) 3 (4.1%) 6 (3%) 8 (16%)
Cancer 23 4% 9 (3.5%) 5 (5.2%) 4 (5.6%) 4 (2%) 1 (2.1%)

Respiratory distress 919 91.5% 432 (93.5%) 164 (87.2%) 76 (95%) 199 (91.3%) 48 (85.7%)

Clinical Presentations

Fever 266 55% 108 (41%) 72 (27%) 26 (10%) 31 (12%) 29 (11%)
Chills 148 33% 54 (36%) 34 (23%) 25 (17%) 26 (18%) 9 (6%)
Cough 650 81% 313 (48%) 114 (18%) 55 (8%) 138 (21%) 30 (5%)

Sore throat 137 32% 52 (38%) 25 (18%) 29 (21%) 15 (11%) 15 (11%)
Shortness of breath 714 84% 309 (43%) 116 (16%) 63 (9%) 180 (25%) 46 (6%)

Anosmia 65 16% 21 (32%) 9 (14%) 20 (31%) 6 (9%) 9 (14%)
Dysgeusia 83 20% 24 (29%) 13 (16%) 19 (23%) 18 (22%) 9 (11%)

Myalgia/body aches 374 60% 186 (50%) 69 (18%) 40 (11%) 54 (14%) 25 (7%)
Diarrhoea 145 31% 59 (41%) 27 (19%) 26 (18%) 22 (15%) 11 (8%)
Chest Pain 55 8% 28 (51%) 6 (11%) 10 (18%) 10 (18%) 1 (2%)

Loss of appetite 65 9% 32 (49%) 10 (15%) 9 (14%) 10 (15%) 4 (6%)
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Figures 1 and 2 show the SpO2 levels in hospitalised COVID-19 patients’ mortality by
age group and ward. COVID-19 patients’ mortality with SpO2 levels less than 95% were
seen in greater numbers in all wards than those COVID-19 patients’ mortality with SpO2
levels greater than or equal to 95%. COVID-19 patients’ mortality with an SpO2 level of less
than 95% were seen in greater numbers in their 40s and older. The majority of COVID-19
mortality patients had a body temperature of less than 38 ◦C and the majority of them were
aged 60 and over (see Figure 3).

Figure 1. SpO2 level in COVID-19 hospitalised patients’ mortality by age group.

Figure 2. SpO2 level in COVID-19 hospitalised patients’ mortality by ward.
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Figure 3. Body temperature by age group in COVID-19 hospitalised patients’ mortality.

Figure 4 illustrates the correlation between body temperature and SpO2. The scat-
terplot indicates that there was no relationship between body temperature and SpO2.
Furthermore, the significant Spearman correlation coefficient value of 0.06 confirmed the
conclusion illustrated in the graph; there appeared to be no correlation between the two
variables. Adjusting for age and comorbidities, the Spearman correlation coefficient values
were 0.052 and 0.050, respectively.

Figure 4. Spearman’s correlation between body temperature and SpO2.

Table 2 presents the results of the chi-square analysis of the differences in clinical risk
factors associated with SpO2. COVID-19 mortality patients in the normal SpO2 group were
significantly more likely to have chills, a sore throat, anosmia, dysgeusia, myalgia/body
aches and diarrhoea (p-value < 0.05). COVID-19 mortality patients in the normal SpO2
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group were significantly more likely to be living with HIV than those in the SpO2 less
than 95% group (p-value < 0.05). COVID-19 mortality patients with SpO2 of less than
95% groups were significantly more likely to be 60 years or older than those patients with
normal SpO2. Gender, TB, COPD, hypertension, diabetes mellitus, asthma, obesity, cancer,
fever, cough, shortness of breath, chest pain and loss of appetite were also investigated for
association with SpO2 levels; however, the results were not significant.

Table 2. Clinical risk factors associated with SpO2 among COVID-19 mortality patients.

SpO2 < 95
n(%)

SpO2 ≥ 95
n(%)

Chi-Square Test
Value p-Value

Age 14.488 0.006 *

20–29 10 (1.3%) 0 (0.0%)
30–39 28 (3.6%) 16 (9.8%)
40–49 67 (8.5) 15 (9.2%)
50–59 118 (15.0%) 26 (16.0%)
60+ 564 (71.7%) 106 (65.0%)

Gender 0.007 0.935

Male 369 (46.9%) 86 (52.8%)
Female 418 (53.1%) 77 (47.2%)

Comorbid Conditions

HIV/AIDS 92 (17.5%) 27 (26.5%) 4.526 0.033 *
TB 24 (5.1%) 6 (6.7%) 0.368 0.544

COPD 13 (2.8%) 2 (2.3%) 0.061 0.806
Hypertension 411 (64.2%) 94 (68.6%) 0.958 0.328

Diabetes Mellitus 317 (52.7%) 71 (56.8%) 0.714 0.398
Asthma 28 (5.9%) 5 (5.7%) 0.005 0.943
Obesity 62 (12.4%) 11 (12.4%) 0.001 0.986
Cancer 19 (4.0%) 3 (3.6%) 0.041 0.839

Clinical Presentations

Fever 191 (55.7%) 40 (64.5%) 1.671 0.196
Chills 101 (32.7%) 31 (50.0%) 6.754 0.009 *
Cough 491 (83.1%) 86 (81.9%) 0.087 0.768

Sore throat 88 (29.5%) 31 (54.4%) 13.265 <0.001 *
Shortness of breath 520 (84.1%) 108 (87.1%) 0.693 0.405

Anosmia 28 (10.2%) 24 (43.6%) 38.439 <0.001 *
Dysgeusia 46 (16.1%) 24 (43.6%) 21.465 <0.001 *

Myalgia/body aches 251 (59.1%) 68 (72.3%) 5.733 0.017 *
Diarrhoea 88 (27.2%) 34 (54.0%) 17.559 <0.001 *
Chest Pain 47 (8.9%) 6 (7.4%) 0.206 0.650

Loss of appetite 46 (8.7%) 9 (11.1%) 0.492 0.483
* indicates significant differences (p-value less than 0.05)

Patients with respiratory failure should be promptly identified and evaluated for
possible escalation of respiratory support. Most patients were put on oxygen for less than
24 h, with 6% of patients put on mechanical ventilation (Table 3).

Table 3. COVID-19 patients’ duration on oxygen.

Frequency Percentage

Duration on oxygen

24 h 14 46%

24–72 h 145 19%

3–7 days 185 25%

8–14 days 61 8%

>14 days 14 2%

Mechanical ventilation 67 6%
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Nasal cannula and prongs, a simple face mask, a face mask with a reservoir or
CPAP/NIV titrate oxygen therapy up and down to reach targets and mechanical ven-
tilation are all possibilities (Figure 5). Most patients were on nasal prongs (35%) followed
by face masks with reservoirs (29%). The majority of COVID-19 patients were given
antibiotics (31%), followed by those given steroids (27%), as shown in Figure 6.

Figure 5. Respiratory support for hospitalised COVID-19 patients in Limpopo Province.

Figure 6. Treatment of hospitalised COVID-19 patients in Limpopo Province.

4. Discussion

In our analysis, we examined the influence of body temperature on SpO2 in hospi-
talised COVID-19 patients using secondary data from LDoH. The main finding of the
study indicated that there existed no relationship between body temperature and SpO2
in hospitalised patients. This was in contradiction to previous studies by Lahav et al. and
Wu et al., since they found that body temperature in children and adult patients with
COVID-19 was associated with SpO2 [17,18]. Concerning low SpO2 levels on admission,
our statistical analyses revealed that patients in the age group 60 years and above were
more likely to present SpO2 levels less than 95% and were at high risk of dying from
COVID-19, in agreement with the findings of previous studies [19–22].

A large number of patients who were reported to have died of COVID-19 had a body
temperature of less than 38 ◦C. The lack of association between body temperature and
SpO2 level related to COVID-19 mortalities in our study was in line with the findings of
previous studies related to COVID-19 mortalities [14,23,24]. Although seen as an efficient
and safe consultation for patients with fever or respiratory symptoms, COVID-19 screening
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using fever or respiratory symptoms was not found to be effective in combating COVID-
19 mortality. Despite the convenience of the use of COVID-19 screening, Kim and Lee
discovered that walkthrough screening could increase infection rates at each level of the
screening procedure, including booths and adverse reactions to booth decontamination [25].

In our study, fever, cough, shortness of breath and myalgia were the most common
symptoms displayed by hospitalised COVID-19 patients, corroborating previous find-
ings [26–28]. It was also notable that more than half of the hospitalised patients were
females. The absence of the relationship between fever and mortality related to COVID-19
in our study corroborated the findings of previous research [23,24]. In contrast, Iftimie
et al. and Qiu et al. reported contradictory findings [29,30]. This could be attributed to the
different cohorts of hospitalised patients and groups sampled in these studies.

Comorbidities showing a significant relationship with COVID-19 mortalities were
HIV/AIDS, hypertension and diabetes mellitus. The most common comorbid condition
in our hospitalised patients was hypertension and diabetes mellitus. The results were in
agreement with a recent longitudinal study [29]. The probable explanation for high rates
of underlying chronic diseases in COVID-19 patients lies in South Africa’s socioeconomic
inequality and lack of access to quality health care facilities [31]. On the other hand, we
found that SpO2 in COVID-19 mortalities was associated with clinical risk factors such
as old age, chills, sore throat, anosmia, dysgeusia, myalgia/body aches, diarrhoea and
HIV/AIDS. Eskandarian and Sohrabi et al. reported similar findings in their prospective
and multicentre descriptive studies [19,24]. With regards to clinical presentations, fever,
obesity, shortness of breath, chest pain and loss of appetite were not found to be significantly
associated with SpO2 levels, in contrast to the findings of Sohrabi et al. [19]. The reason for
this could be attributed to differences in hospital facilities, age groups and, once again, the
methodologies used in the studies.

We found that older age was associated with a higher risk of hospital admission and
COVID-19 mortality, regardless of body temperature. By comparison, our demographics
of hospitalised patients from all five districts of Limpopo Province indicated that 69% of
hospital admissions were patients who were 60 years and above in age. Vanhems argued
that this could be due to a lack of sufficient knowledge about the consequences of COVID-
19 in elderly populations during the initial waves of the pandemic [27]. The findings of the
multicentre descriptive study of the Iranian population by Sohrabi et al. were in agreement
with the findings of our study results, since they found age (60 years and above) to be
among the positive predictors of mortality as a result of COVID-19 [19].

The use of an HFNC has been shown to improve oxygenation in COVID-19 patients;
however, if used on patients with acute hypoxaemic respiratory failure, its use may increase
bioaerosol dispersion in the environment, which could aid disease transmission [10,32,33].
There appears to be uncertainty about—and a trend towards avoiding—the use of an HFNC
on COVID-19 patients, leading to an increase in early intubation rates and potentially
associated harms, such as sedation and prolonged ICU stay, as well as the intubation
procedures themselves, which pose a high risk of viral exposure [32]. Nasal prongs and a
face mask with a reservoir for respiratory support were used on the majority of patients in
the study, with the use of an HFNC being minimal. According to recent studies, HFNC
should be used in a negative pressure room, when possible. Additionally, devices should
be used in a single room, when possible [33], and using a surgical mask on a patient’s face
who has already been treated with an HFNC might benefit hypoxaemic COVID-19 patients
without added risk to the environment [32,34]. The study’s findings added to the body of
knowledge about factors associated with SpO2 in adults with COVID-19 and could be used
by policymakers to develop relevant and appropriate intervention strategies to combat
the disease.

5. Conclusions

The findings of this paper indicated that age (older age), chills, sore throat, anosmia,
dysgeusia, myalgia/body aches, diarrhoea and HIV/AIDS were associated with low SpO2
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in in-hospital mortality in COVID-19 patients. Nasal prongs and face masks with reservoirs
for respiratory support cannulas have been commonly used as patient interfaces to provide
supplemental oxygen. Uses of HFNC were minimal (7%). The majority of COVID-19
in-patient fatalities had normal body temperature (<38 ◦C) and SpO2 levels, with no
correlation between the two variables. Considering temperature screening as a possible
strategy to combat the spread of COVID-19 or suspicious COVID-19 cases thus appears
to be a pointless exercise. This study recommended new clinical criteria for detecting
COVID-19 cases.

Author Contributions: Conceptualisation, P.M.M.; methodology, P.M.M. and M.E.S.-S.; software,
P.M.M.; validation, P.M.M.; formal analysis, P.M.M.; resources, P.M.M. and M.E.S.-S.; data curation,
M.E.S.-S.; writing—original draft preparation, P.M.M. and A.F.M.; writing—review and editing,
P.M.M., S.F.M. and A.F.M.; visualisation, P.M.M.; project administration, M.E.S.-S. and S.F.M. All
authors have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: The study will be conducted in accordance with the Declara-
tion of Helsinki, and approved by the Ethics Committee of University of Limpopo (protocol code
TREC/293/2021: IR).

Informed Consent Statement: Patient consent was waived because the study used secondary data
from the Limpopo Department of Health.

Data Availability Statement: The dataset for participants generated and analysed during the original
study is available from the corresponding author upon reasonable request.

Acknowledgments: Limpopo Department of Health COVID-19 response committees and teams at
the provincial, district and facility levels. Hospital audit teams who conducted the audit. All health
care providers who rendered care to patients. Support from the World Health Organization and
Cuban Medical Brigade.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Chakraborty, I.; Maity, P. COVID-19 outbreak: Migration, effects on society, global environment and prevention. Sci. Total Environ.

2020, 728, 138882. [CrossRef] [PubMed]
2. Mkhwanazi, E. Does COVID-19 Rupture Theodicy? Theo-philosophical Musings. Phronimon 2021, 22, 1–14. [CrossRef]
3. Greyling, T.; Rossouw, S.; Adhikari, T. The good, the bad and the ugly of lockdowns during COVID-19. PLoS ONE 2021,

16, e0245546. [CrossRef] [PubMed]
4. World Health Organization. WHO Coronavirus Disease (COVID-19) Dashboard. 2021. Available online: https://covid19.who.int

(accessed on 12 August 2021).
5. Rogerson, C.M.; Rogerson, J.M. COVID-19 tourism impacts in South Africa: Government and industry responses. Geo J. Tour.

Geosites 2020, 31, 1083–1091. [CrossRef]
6. World Health Organization. Coronavirus Disease (COVID-19): Weekly Epidemiological Update. 14 September 2020. Avail-

able online: https://apps.who.int/iris/bitstream/handle/10665/334304/nCoV-weekly-sitrep13Sep20-eng.pdf (accessed on
12 August 2021).

7. Lai, C.C.; Shih, T.P.; Ko, W.C.; Tang, H.J.; Hsueh, P.R. Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) and
coronavirus disease-2019 (COVID-19): The epidemic and the challenges. Int. J. Antimicrob. Agents 2020, 55, 105924. [CrossRef]
[PubMed]

8. Yang, X.; Yu, Y.; Xu, J.; Shu, H.; Liu, H.; Wu, Y.; Zhang, L.; Yu, Z.; Fang, M.; Yu, T.; 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]

9. Nicholson, T.W.; Talbot, N.P.; Nickol, A.; Chadwick, A.J.; Lawton, O. Respiratory failure and non-invasive respiratory support
during the COVID-19 pandemic: An update for re-deployed hospital doctors and primary care physicians. BMJ 2020, 369, m2446.
[CrossRef]

10. COVID-19 Treatment Guidelines. Oxygenation and Ventilation. 2020. Available online: https://www.covid19treatmentguidelines.
nih.gov/management/critical-care/oxygenation-and-ventilation/ (accessed on 20 March 2022).

11. Shenoy, N.; Luchtel, R.; Gulani, P. Considerations for target oxygen saturation in COVID-19 patients: Are we under-shooting?
BMC Med. 2020, 18, 260. [CrossRef]

http://doi.org/10.1016/j.scitotenv.2020.138882
http://www.ncbi.nlm.nih.gov/pubmed/32335410
http://doi.org/10.25159/2413-3086/8551
http://doi.org/10.1371/journal.pone.0245546
http://www.ncbi.nlm.nih.gov/pubmed/33481848
https://covid19.who.int
http://doi.org/10.30892/gtg.31321-544
https://apps.who.int/iris/bitstream/handle/10665/334304/nCoV-weekly-sitrep13Sep20-eng.pdf
http://doi.org/10.1016/j.ijantimicag.2020.105924
http://www.ncbi.nlm.nih.gov/pubmed/32081636
http://doi.org/10.1016/S2213-2600(20)30079-5
http://doi.org/10.1136/bmj.m2446
https://www.covid19treatmentguidelines.nih.gov/management/critical-care/oxygenation-and-ventilation/
https://www.covid19treatmentguidelines.nih.gov/management/critical-care/oxygenation-and-ventilation/
http://doi.org/10.1186/s12916-020-01735-2


J. Respir. 2022, 2 86

12. Mejía, F.; Medina, C.; Cornejo, E.; Morello, E.; Vásquez, S.; Alave, J.; Schwalb, A.; Málaga, G. Oxygen saturation as a predictor
of mortality in hospitalized adult patients with COVID-19 in a public hospital in Lima, Peru. PLoS ONE 2020, 15, e0244171.
[CrossRef]

13. Kong, X.; Zheng, K.; Tang, M.; Kong, F.; Zhou, J.; Diao, L.; Wu, S.; Jiao, P.; Su, T.; Dong, Y. Prevalence and factors associated with
depression and anxiety of hospitalized patients with COVID-19. medRxiv 2020. [CrossRef]

14. Huang, C.; Wang, Y.; Li, X.; Ren, L.; Zhao, J.; Hu, Y.; Zhang, L.; Fan, G.; Xu, J.; Gu, X.; et al. Clinical features of patients infected
with 2019 novel coronavirus in Wuhan, China. Lancet 2020, 395, 497–506. [CrossRef]

15. Zheng, Z.; Peng, F.; Xu, B.; Zhao, J.; Liu, H.; Peng, J.; Li, Q.; Jiang, C.; Zhou, Y.; Liu, S.; et al. Risk factors of critical & mortal
COVID-19 cases: A systematic literature review and meta-analysis. J. Infect. 2020, 81, e16–e25.

16. Toniati, P.; Piva, S.; Cattalini, M.; Garrafa, E.; Regola, F.; Castelli, F.; Franceschini, F.; Airò, P.; Bazzani, C.; Beindorf, E.A.; et al.
Tocilizumab for the treatment of severe COVID-19 pneumonia with hyperinflammatory syndrome and acute respiratory failure:
A single center study of 100 patients in Brescia, Italy. Autoimmun. Rev. 2020, 19, 102568. [CrossRef]

17. Wu, C.; Chen, X.; Cai, Y.; Zhou, X.; Xu, S.; Huang, H.; Zhang, L.; Zhou, X.; Du, C.; Zhang, Y.; 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, 934–943. [CrossRef]

18. Lahav, D.Z.; Picard, E.; Mimouni, F.; Joseph, L.; Goldberg, S. The effect of fever on blood oxygen saturation in children. Harefuah
2015, 154, 162–165.

19. Sohrabi, M.R.; Amin, R.; Maher, A.; Bahadorimonfared, A.; Janbazi, S.; Hannani, K.; Kolahi, A.A.; Zali, A.R. Sociodemographic
determinants and clinical risk factors associated with COVID-19 severity: A cross-sectional analysis of over 200,000 patients in
Tehran, Iran. BMC Infect. Dis. 2021, 21, 474. [CrossRef]

20. Ruan, Q.; Yang, K.; Wang, W.; Jiang, L.; Song, J. Clinical predictors of mortality due to COVID-19 based on an analysis of data of
150 patients from Wuhan, China. Intensive Care Med. 2020, 46, 846–848. [CrossRef]

21. Zali, A.; Gholamzadeh, S.; Mohammadi, G.; Looha, M.A.; Akrami, F.; Zarean, E.; Vafaee, R.; Maher, A.; Khodadoost, M. Baseline
characteristics and associated factors of mortality in COVID-19 patients; an analysis of 16,000 cases in Tehran, Iran. Arch. Acad.
Emerg. Med. 2020, 8, e70.

22. 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]

23. Alizadehsani, R.; Alizadeh Sani, Z.; Behjati, M.; Roshanzamir, Z.; Hussain, S.; Abedini, N.; Hasanzadeh, F.; Khosravi, A.; Shoeibi,
A.; Roshanzamir, M.; et al. Risk factors prediction, clinical outcomes, and mortality in COVID-19 patients. J. Med. Virol. 2021, 93,
2307–2320. [CrossRef]

24. Eskandarian, R.; Sani, Z.A.; Behjati, M.; Zahmatkesh, M.; Haddadi, A.; Kakhi, K.; Roshanzamir, M.; Shoeibi, A.; Alizadehsani, R.;
Hussain, S.; et al. Identification of clinical features associated with mortality in COVID-19 patients. medRxiv 2021. [CrossRef]

25. Kim, S.I.; Lee, J.Y. Walk-through screening center for COVID-19: An accessible and efficient screening system in a pandemic
situation. J. Korean Med. Sci. 2020, 35, e154. [CrossRef]

26. Petrilli, C.M.; Jones, S.A.; Yang, J.; Rajagopalan, H.; O’Donnell, L.; Chernyak, Y.; Tobin, K.A.; Cerfolio, R.J.; Francois, F.; Horwitz,
L.I. Factors associated with hospital admission and critical illness among 5279 people with coronavirus disease 2019 in New York
City: Prospective cohort study. BMJ 2020, 369, m1966. [CrossRef]

27. Vanhems, P.; Gustin, M.; Elias, C.; Henaff, L.; Dananché, C.; Grisi, B.; Marion, E.; Khanafer, N.; Hilliquin, D.; Gardes, S.; et al.
Factors associated with admission to intensive care units in COVID-19 patients in Lyon-France. PLoS ONE 2021, 16, e0243709.
[CrossRef] [PubMed]

28. Tharakan, S.; Nomoto, K.; Miyashita, S.; Ishikawa, K. Body temperature correlates with mortality in COVID-19 patients. Crit.
Care 2020, 24, 298. [CrossRef] [PubMed]

29. Iftimie, S.; López-Azcona, A.F.; Vicente-Miralles, M.; Descarrega-Reina, R.; Hernández-Aguilera, A.; Riu, F.; Simó, J.M.; Garrido
Joven, J.; Camps, J.; Castro, A. Risk factors associated with mortality in hospitalized patients with SARS-CoV-2 infection. A
prospective, longitudinal, unicenter study in Reus, Spain. PLoS ONE 2020, 15, e0234452. [CrossRef] [PubMed]

30. Qiu, P.; Zhou, Y.; Wang, F.; Wang, H.; Zhang, M.; Pan, X.; Zhao, Q.; Liu, J. Clinical characteristics, laboratory outcome
characteristics, comorbidities, and complications of related COVID-19 deceased: A systematic review and meta-analysis. Aging
Clin. Exp. Res. 2020, 32, 1869–1878. [CrossRef] [PubMed]

31. Maistry, S. South Africa’s Comorbidity: A Chronic Affliction of Intersecting Education, Economic and Health Inequalities. Educ.
Change 2021, 25, 1–21.

32. Li, J.; Fink, J.B.; Ehrmann, S. High-flow nasal cannula for COVID-19 patients: Low risk of bio-aerosol dispersion. Eur. Respir. J.
2020, 55, 2000892. [CrossRef]

33. Gürün, A. High flow nasal cannula in COVID-19: A literature review. Tuberk. Toraks 2020, 68, 168–174. [CrossRef]
34. Montiel, V.; Robert, A.; Robert, A.; Nabaoui, A.; Marie, T.; Mestre, N.M.; Guillaume, M.; Laterre, F.; Wittebole, X. Surgical mask on

top of high-flow nasal cannula improves oxygenation in critically ill COVID-19 patients with hypoxemic respiratory failure. Ann.
Intensive Care 2020, 10, 125. [CrossRef]

http://doi.org/10.1371/journal.pone.0244171
http://doi.org/10.1101/2020.03.24.20043075
http://doi.org/10.1016/S0140-6736(20)30183-5
http://doi.org/10.1016/j.autrev.2020.102568
http://doi.org/10.1001/jamainternmed.2020.0994
http://doi.org/10.1186/s12879-021-06179-4
http://doi.org/10.1007/s00134-020-05991-x
http://doi.org/10.1016/S0140-6736(20)30211-7
http://doi.org/10.1002/jmv.26699
http://doi.org/10.1101/2021.04.19.21255715
http://doi.org/10.3346/jkms.2020.35.e154
http://doi.org/10.1136/bmj.m1966
http://doi.org/10.1371/journal.pone.0243709
http://www.ncbi.nlm.nih.gov/pubmed/33503018
http://doi.org/10.1186/s13054-020-03045-8
http://www.ncbi.nlm.nih.gov/pubmed/32503659
http://doi.org/10.1371/journal.pone.0234452
http://www.ncbi.nlm.nih.gov/pubmed/32881860
http://doi.org/10.1007/s40520-020-01664-3
http://www.ncbi.nlm.nih.gov/pubmed/32734576
http://doi.org/10.1183/13993003.00892-2020
http://doi.org/10.5578/tt.69807
http://doi.org/10.1186/s13613-020-00744-x

	Introduction 
	Materials and Methods 
	Study Setting, Period and Design 
	Statistical Analysis 
	Data Collection and Validation 

	Results 
	Discussion 
	Conclusions 
	References

