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Early Fever Is Associated With Clinical Outcomes in Patients With Coronavirus Disease
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Fever is one of the typical symptoms of coronavirus disease (COVID-19). We aimed to investigate the association between early fever (EF) and clinical outcomes in COVID-19 patients. A total of 1,014 COVID-19 patients at the Leishenshan Hospital were enrolled and classified into the EF and non-EF groups based on whether they had fever within 5 days of symptom onset. Risk factors for clinical outcomes in patients with different levels of disease severity were analyzed using multivariable analyses. Time from symptom onset to symptom alleviation, CT image improvement, and discharge were longer for patients with moderate and severe disease in the EF group than in the non-EF group. Multivariable analysis showed that sex, EF, eosinophil number, C-reactive protein, and IL-6 levels were positively correlated with the time from symptom onset to hospital discharge in moderate cases. The EF patients showed no significant differences in the development of acute respiratory distress syndrome, compared with the non-EF patients. The Kaplan–Meier curve showed no obvious differences in survival between the EF and non-EF patients. However, EF patients with increased temperature showed markedly lower survival than the non-EF patients with increased temperature. EF had no significant impact on the survival of critically ill patients, while an increase in temperature was identified as an independent risk factor. EF appears to be a predictor of longer recovery time in moderate/severe COVID-19 infections. However, its value in predicting mortality needs to be considered for critically ill patients with EF showing increasing temperature.
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INTRODUCTION

Coronavirus disease (COVID-19) is a serious respiratory disorder that was initially discovered in Wuhan, China. COVID-19 has been shown to be caused by infection with severe acute respiratory syndrome coronavirus (SARS-CoV)-2, a novel coronavirus from the same family as SARS-CoV (1). The CoVs are RNA viruses broadly distributed among mammals and birds; they cause respiratory and intestinal infections in animals and humans (2). Both the severe acute respiratory syndrome (SARS) epidemic in the Guangdong province, China in 2002 and the Middle East respiratory syndrome (MERS) pandemic in the Middle-Eastern countries in 2012 were caused by CoVs (3, 4). SARS-CoV, MERS-CoV, and SARS-CoV-2, which are all β-CoVs, can cause severe respiratory disease in humans (5).

COVID-19 has spread across China and worldwide; the World Health Organization declared it a pandemic within a few months of its first report (6). The patients presented clinical symptoms of dry cough, fever, dyspnea, bilateral lung infiltrates on imaging, and in some cases, gastrointestinal infection symptoms (7). Mild cases typically recover within a week, while patients with more severe forms of the disease show respiratory failure due to alveolar damage and may eventually die (8). There are several factors influencing the outcomes of COVID-19. Non-communicable conditions such as high blood pressure, cardiovascular disease, and diabetes have been reported as risk factors for patients with new coronary disease (9, 10). Patients with hematological malignancies have also been shown to have a higher risk of respiratory infections and serious complications (11).

Fever is an important part of the host defense against infection, playing a key role in increasing the clearance of microorganisms, modulating the cellular immune responses, and inducing heat shock responses (12). During a viral infection, the host mounts an immune response addressed to contain the infection, and fever is regarded as a cornerstone diagnostic sign for screening patients that are potentially infected with COVID-19 (13, 14). Most influenza A strains that infect humans are sensitive to temperature and their replication is inhibited under the body temperature range of 38–41°C. Furthermore, during viral infection, the fever response determines the survival advantage (15). Based on a meta-analysis, Hu et al. reported that fever is the most common symptom in 85.6% of COVID-19 cases during the course of the disease (16). Another study showed that patients with no fever on admission had worse outcomes in the critical/mortality group (17). However, to our knowledge, thus far, no study has focused on the association between early fever (EF) and clinical outcomes in a heterogeneous population of COVID-19 patients with different levels of case severity.

In this study, we compared the clinical outcomes between EF and non-EF patients suffering from moderate, severe, and critical COVID-19 and investigated the value of EF in predicting clinical outcomes in patients with different disease severities.



MATERIALS AND METHODS


Ethical Approval

The ethics committee of Leishenshan Hospital approved this study (Approval No. 2020-LS04). Informed consent was obtained from all patients prior to being enrolled in the study.



Patients

A total of 1,172 patients diagnosed with COVID-19 and hospitalized at Leishenshan Hospital, a COVID-19-designated hospital in Wuhan, between February 16 and April 14, 2020, were retrospectively reviewed. All cases were diagnosed and confirmed based on the interim guidance issued by the World Health Organization (18). Only adult patients with positive nucleic acid tests for respiratory specimens (nasopharyngeal or oropharyngeal swab samples) or sputum specimens prior to admission were included. Patients with no pneumonia or patients who were transferred to other hospitals were excluded from our study. Finally, we enrolled 1,014 patients after screening using the pre-determined selection criteria (Figure 1).
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FIGURE 1. Selection of the study cohort.


Leishenshan Hospital is no longer existing. It was officially closed on April 15, 2020 when the epidemic was got controlled in Wuhan. Indeed, the hospital was a temporary one, which was especially built and used for COVID-19 treatment in Wuhan since the local hospital resources were not enough at that time, and the clinicians were from different hospitals across the country. Some authors of our manuscript (Fengming Ding, Yun Feng, Yan Zhou, Yong Ji, Peng-yu Zhang) were members of Shanghai medical supporting team working in Leishenshan. The medical data in our manuscript were collected and used by our team members. We have no issue of data transferring.



Study Design

All patients included in the study were classified into EF or non-EF groups based on whether they had fever within 5 days of symptom onset. The symptoms of COVID-19 included cough, dyspnea, sore throat, thoracic tightness or pain, myalgia, headache, diarrhea, nausea, and consciousness disorder. Fever was defined as a maximum body temperature (Tmax) of more than 37.3°C, measured using an ear thermometer. Based on the Clinical Classification in the Novel Coronavirus Pneumonia Diagnosis and Treatment Guidance from the National Health Commission of China (19), the severity of disease was assessed at the first clinic visit. In brief, moderately ill patients were diagnosed based on fever and respiratory symptoms, as well as radiologic manifestations of pneumonia. Severely ill patients were diagnosed using any of these criteria: (1) difficulty breathing, with more than 30 breaths per minute, (2) oxygen saturation levels <93% at rest, and (3) partial arterial oxygen pressure (PaO2)/fraction of inspired oxygen (FiO2) <300 mmHg (l mmHg = 0.133 kPa). Patients whose chest imaging showed apparent lesion progression of more than 50% within 24–48 h were classified as severe cases. Patients with respiratory failure requiring mechanical ventilation, or shock or organ failure requiring ICU care were classified as critical cases.



Data Collection

Two researchers independently collected the demographic and clinical information by reviewing electronic medical records, including laboratory data, radiographic characteristics, disease severity, treatment protocols, length of hospital stay, disease progression, and clinical outcomes. Symptom data were also estimated and confirmed by direct communication with patients or their families.

The primary outcome for patients with moderate/severe infection was the time from symptom onset to discharge from hospital. Patients who met the following criteria were discharged from the hospital: significant improvement in clinical symptoms and chest CT imaging, at least two consecutive negative nucleic acid tests from respiratory specimens (nasopharyngeal or oropharyngeal swab samples), and sputum specimens with an interval of more than 24 h. Other clinical outcomes included time from symptom onset to symptom alleviation and the recovery of lymphocyte and eosinophil numbers.

The primary outcome for critically ill patients was the time from symptom onset to death. Other clinical outcomes included time from symptom onset to incidence of acute respiratory distress syndrome (ARDS) and complications (i.e., shock, disseminated intravascular coagulation, and multiple organ failure).



Statistical Analysis

Data were analyzed using SAS software (version 8.0; SAS Institute, Cary, NC, USA). GraphPad Prism (version 5; GraphPad Software, San Diego, CA, USA) and R software version 4.0.2 (http://CRAN.R-project.org, R Foundation, Vienna, Austria) were used to generate graphs for visualizing the results. The Kolmogorov-Smirnov test was used to determine the distribution of each variable. Normally distributed quantitative variables were compared using independent t-test, while non-normal distributed variables were compared using Mann-Whitney-test. Qualitative variables were analyzed using chi-squared test. Differences between end-hospitalization and the first clinic visit for each index are shown using Δindex(a) [index(a) at end-hospitalization subtracting index(a) at the first clinic visit]. ΔTmax is the Tmax in the last 3 days before end-hospitalization minus the Tmax from symptom onset to the first clinic visit. Data on demographic, clinical and laboratory tests, and treatments were included in a generalized linear model to estimate correlations between EF and time from symptom onset to hospital discharge in patients with moderate/severe infections. The outcomes of ARDS, complications, and survival in critically ill patients were analyzed using the Kaplan-Meier method followed by the log-rank test to calculate differences between the two groups. A Cox proportional-hazards regression model with stepwise selection was used to identify risk factors for mortality in critical patients. Pairwise Spearman correlations (r) were calculated between indices at two time points (the first clinic visit and end-hospitalization) in EF and non-EF patients. Results with absolute correlations |r| > 0.2 were utilized, and the network was visualized using line widths matched to the strength of correlation. We selected a p-value < 0.05 to denote statistically significant differences.




RESULTS


Patient Characteristics

Baseline characteristics (at the first clinic visit) of the 1,014 patients are shown in Table 1. Patients with EF accounted for 66.6% (n = 675) of the study participants, while non-EF patients made up 33.4% (n = 339) of the participants. EF patients had a mean age of 56.6 ± 15.0 years, and 48.7% were female; non-EF patients were aged 58.8 ± 14.3 years, and 56.3% were female. EF patients tended to be more prone to cough symptoms (66.5 vs. 57.9%, χ2 = 7.38, P = 0.0066), myalgia (24.3 vs. 11.8%, χ2 = 21.93, P < 0.0001), and diarrhea (9.2 vs. 4.4%, χ2 = 7.29, P = 0.0069) compared with non-EF patients. A higher proportion of non-EF patients had comorbidities such as chronic lung diseases (6.2 vs. 2.1%, χ2 = 11.50, P = 0.0007), cardiovascular disease (12.7 vs. 8.4%, χ2 = 4.56, P = 0.0327), and chronic kidney failure (8.3 vs. 4.4%, χ2 = 6.09, P = 0.0136) relative to patients with EF. In addition, EF patients had higher levels of C-reactive protein (CRP, t = 6.34, P < 0.0001), and IL-6 (t = 7.51, P < 0.0001) at the first clinic visit compared with non-EF patients (P < 0.05).


Table 1. Demographics and baseline characteristics of COVID-19 patients with or without early fever.
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Based on the clinical classification in the Seventh Version of the Novel Coronavirus Pneumonia Diagnosis and Treatment Guidance from the National Health Commission of China, the 1,014 patients included 669 moderate cases, 260 severe cases, and 85 critical cases. Table 1 shows that the mean age of critical cases was significantly higher than that of severe (t = 2.99, P = 0.0030) or moderate cases (t = 2.68, P = 0.0075). That is, disease severity increased with the age of the patient. EF patients in moderate and severe condition had higher IL-6 level than their non-EF counterparts at the first clinic visit (t = 8.11, P < 0.0001; t = 2.03, P = 0.0476; respectively), but no significant difference of IL-6 was found between EF and non-EF patients in critical condition (t = 1.37, P = 0.1728). The CRP level also showed significant difference between EF and non-EF patients in moderate condition (t = 9.81, P < 0.0001), but no significant difference was found between the two groups in severe and critical condition (t = 1.84, P = 0.0669; t = 1.51, P = 0.1348). By the end of the study, 974 patients had been discharged from the hospital, while 40 had died (one severely ill patient and 39 critically ill patients).



Changes in Body Temperature Following Hospitalization

After admission to the hospital, antiviral therapy was administered to 405 (60.0%) EF patients and 188 (55.5%) non-EF patients (χ2 = 2.05, P = 0.1526). Antibiotic therapy was administered to 298 (44.1%) EF patients and 144 (42.5%) non-EF patients (χ2 = 0.26, P = 0.6129). Systemic glucocorticoid treatment was administered to 45 (6.7%) EF patients and 13 (3.8%) non-EF patients (χ2 = 3.36, P = 0.0670). Among patients who received systemic glucocorticoids, 21 (46.7%) EF patients and 8 (61.5%) non-EF patients were in critical condition (χ2 = 0.89, P = 0.3449) and of these, 11 (52.4%) EF patients and 4 (50%) non-EF patients presented with increased body temperatures at end-hospitalization.

The number of patients with fever in the EF group was significantly reduced after treatment. The number of patients with fever among the severe and moderate cases declined faster than among the critical cases. In the non-EF group, patients developed fever during hospitalization, and most of these were critical cases (Figure 2A). There were no obvious differences in Tmax between EF and non-EF patients after 4 weeks of hospitalization (Figure 2B).
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FIGURE 2. Characteristics of fever in moderate, severe, and critically ill COVID-19 patients with and without EF. Daily percentage of patients with fever in each group (A). Maximum weekly body temperature (B). COVID-19, coronavirus disease; EF, early fever, defined as the incidence of fever (Tmax ≥ 37.3°C, measured using an ear thermometer) within 5 days of symptom onset. Data are presented as the means ± standard deviations in (B). *P < 0.05 for the EF group vs. the non-EF group in the corresponding severity conditions.




Clinical Outcomes in Severe and Moderate Cases

Among the moderately ill cases, patients with EF showed longer time from symptom onset to symptom alleviation, CT image improvement, lymphocyte and eosinophil recovery, nucleic acid tests turning negative, and discharge from hospital compared with non-EF patients (all P < 0.05). Among the severe cases, patients with EF showed longer time periods from symptom onset to symptom alleviation, CT image improvement, and discharge from hospital compared with non-EF patients (all P < 0.05). No obvious differences were detected in the time from symptom onset to nucleic acid tests turning negative, or to lymphocyte or eosinophil recovery (Figure 3).


[image: Figure 3]
FIGURE 3. Comparison of clinical outcomes in EF and non-EF COVID-19 patients with moderate/severe infection. Time from symptom onset to symptom alleviation (A); CT image improvement (B); lymphocyte recovery (C); eosinophil recovery (D); nucleic acid tests turning negative (E); time of discharge from hospital (F). Whiskers of the boxplot mark the 5th and 95th percentiles, while the box contains 25th percentile, median, and 75th percentiles. COVID-19, coronavirus disease; EF, early fever, defined as the incidence of fever (Tmax ≥ 37.3°C, measured using an ear thermometer) within 5 days of symptom onset. *P < 0.05 for EF patients vs. non-EF patients in corresponding severity conditions.




Risk Factors for Time From Symptom Onset to Discharge in Moderately or Severely Ill Patients

The primary outcome for moderately or severely ill patients was the time from symptom onset to discharge from hospital. Therefore, we investigated the factors influencing time from symptom onset to hospital discharge in these cases. Demographic, clinical and laboratory tests, and treatments were included in the generalized linear model (Table 2). Multivariable analysis showed that sex, EF, eosinophil number, CRP, and IL-6 levels were correlated with time from symptom onset to hospital discharge among the moderate cases. CRP levels at first clinic visit showed the highest positive correlation with time from symptom onset to hospital discharge (t = 4.26, P < 0.0001), followed by EF (t = 3.01, P = 0.0028) and IL-6 (t = 3.00, P = 0.0028). Among the severe cases, EF showed the most significant correlation with time from symptom onset to hospital discharge (t = 2.42, P = 0.0164), followed by IL-6 (t = 2.07, P = 0.0398). When we compared the results of multivariable analysis between moderately/severely ill patients, the difference in EF coefficient did not reach statistical significance (t = 1.12, P = 0.2647).


Table 2. Multivariable analysis of time from symptom onset to hospital discharge in COVID-19 patients with moderate and severe infections.
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Clinical Outcomes in Critical Cases

Clinical outcomes for critically ill patients included time from symptom onset to death, time from symptom onset to incidence of ARDS, and complications. ARDS developed in 74 patients, including 47 (87%) EF patients and 27 (87.1%) non-EF patients. Three patients with acute exacerbation died without ventilator treatment. Among these, 17 EF patients and 12 non-EF patients received non-invasive respiratory support, including high-flow nasal cannula oxygen therapy (4 EF patients and 8 non-EF patients) and non-invasive mechanical ventilation (13 EF patients and 4 non-EF patients). In addition, 29 EF patients and 13 non-EF patients had invasive respiratory support, including intubation and invasive mechanical ventilation (23 EF patients and 12 non-EF patients) and membrane oxygenation (6 EF patients and 1 non-EF patient). EF patients showed no significant differences in the development of ARDS compared with non-EF patients (HR = 1.13, 95% CI 0.71–1.81, P = 0.6031, Figure 4A).
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FIGURE 4. Kaplan-Meier analysis of clinical outcomes in critical COVID-19 patients. Kaplan–Meier curves between EF and non-EF patients for ARDS (A), complications (B), and survival (C) were analyzed. The Kaplan-Meier curves of EF and non-EF patients for ARDS (D), complications (E), and survival (F) after further dividing patients based on ΔTmax. Tmax, maximum body temperature; ΔTmax, the difference between Tmax in the last 3 days before end-hospitalization and Tmax from symptom onset to the first clinic visit; COVID-19, coronavirus disease; EF, early fever, defined as the incidence of fever (Tmax ≥ 37.3°C, measured using an ear thermometer) within 5 days of symptom onset. Complications included shock, disseminated intravascular coagulation, and multiple organ failure.


A total of 63 patients developed complications, including 40 (74.1%) EF patients and 23 (74.2%) non-EF patients, with no significant differences in the development of complications between EF and non-EF patients (HR = 1.14, 95% CI 0.70–1.86, P = 0.6002, Figure 4B). Complications included shock (24 EF patients and 8 non-EF patients), disseminated intravascular coagulation (10 EF patients and 10 non-EF patients), and multiple organ failure (33 EF patients and 23 non-EF patients).

Thirty-nine of the 85 critically ill patients died during the observation period. EF patients accounted for 51.9% (n = 28) of these, while 35.5% (n = 11) were non-EF patients. The KM curve showed no obvious differences in survival between EF and non-EF patients (HR 1.7, 95% CI 0.85–3.1, P = 0.1480, Figure 4C).

EF and non-EF patients were further categorized into the ΔTmax > 0°C and ΔTmax ≤ 0°C groups. The results showed that EF patients with temperature increase (EF patients with ΔTmax > 0°C) had significantly reduced survival compared with non-EF patients with ΔTmax > 0°C (HR 3.10, 95% CI 1.42–6.64, P = 0.0055), while no obvious difference in survival was detected between EF patients with ΔTmax ≤ 0°C and non-EF patients with ΔTmax ≤ 0°C (HR 1.17, 95% CI 0.37–3.66, P = 0.7956). This suggests that an increase in temperature was a risk factor for mortality in patients with EF. There were no statistically significant differences in complications (HR 1.89, 95% CI 0.99–4.03, P = 0.0606) or ARDS (HR 1.77, 95% CI 0.94–3.79, P = 0.0895) between EF patients with temperature increase and non-EF patients with temperature increase (Figures 4D–F).



Risk Factors for Mortality in Critically Ill Patients

Using the Cox proportional-hazards regression model with stepwise selection, risk factors for mortality were identified in critically ill patients. Results showed that EF had no significant impact on the survival of critically ill patients, while an increase in temperature (ΔTmax > 0°C) was identified as an independent risk factor (HR 4.51, 95% CI 1.31–15.54, P = 0.016). Therefore, EF combined with ΔTmax > 0°C was included in the regression model. As shown in Figure 5, EF and ΔTmax > 0°C had a HR of 2.45 (95% CI 1.01–5.92, P = 0.0004), indicating that EF patients with ΔTmax > 0°C were at greater risk of mortality than others. In addition, sex (HR 2.63, 95% CI 1.15–6.04, P = 0.0197), ΔIL-6 > 10 pg/mL (HR 6.58, 95% CI 2.17–19.93, P = 0.0049), ΔCRP > 35 mg/L (HR 11.24, 95% CI 3.91–32.28, P < 0.0001), systemic steroid treatment (HR 8.50, 95% CI 3.59–20.18, P = 0.0320), and a history of chronic lung disease (HR 4.29, 95% CI 1.24–14.80, P = 0.0004) were risk factors for mortality among critical cases. Of these risk factors, ΔCRP > 35 mg/L had the highest hazard ratio.
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FIGURE 5. Risk factors for fatal COVID-19 outcome in the multivariate Cox proportional-hazards regression model. Shown in the figure are the hazard ratio (HR) and 95% confidence interval (95% CI) associated with the endpoint. Δ index(a), index(a) end-hospitalization - index(a) at the first clinic visit; Tmax, maximum body temperature; ΔTmax, the difference between Tmax in the last 3 days before end-hospitalization and Tmax from symptom onset to the first clinic visit; COVID-19, coronavirus disease; EF, early fever, defined as the incidence of fever (Tmax ≥ 37.3°C, measured using an ear thermometer) within 5 days of symptom onset. Chronic lung disease was defined as chronic obstructive pulmonary disease, asthma, or chronic bronchitis.




Correlation Network Analysis

The correlation networks between Tmax, the number of immunologic cells, and level of inflammatory biomarkers in EF and non-EF patients are shown in Figure 6. Among moderately/severely ill patients (non-critical), Tmax showed a moderate correlation with IL-6 level (r = 0.48) and a weak correlation with CRP level (r = 0.26) in patients with EF at first clinic visit. No correlations were found between Tmax and both IL-6 and CRP levels in non-EF patients. In addition, there were correlations between CRP, IL-6, and procalcitonin (PCT) levels and neutrophil counts in non-EF patients. At end-hospitalization, Tmax showed no correlation with immunologic cell numbers or inflammatory biomarker levels in either EF or non-EF patients.
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FIGURE 6. Correlation networks of Tmax, immunologic cells, and biomarkers in EF and non-EF COVID-19 patients. Networks showed different profiles of correlations between EF and non-EF patients in critical and non-critical conditions at the first clinic visit (A) and end-hospitalization (B). The width of the edge showing stronger or weaker interactions is proportional to the absolute value of correlation (|r|). Edges were observed only when |r| > 0.2. A purple edge indicates a positive correlation, and a blue edge indicates a negative correlation. COVID-19, coronavirus disease; EF, early fever, defined as the incidence of fever (Tmax ≥ 37.3°C, measured using an ear thermometer) within 5 days of symptom onset. Tmax, maximum body temperature from symptom onset to the first clinic visit (A), and Tmax in the last 3 days before end-hospitalization (B). PCT, procalcitonin; CRP, high-sensitivity C-reactive protein; IL-6, interleukin-6.


However, the reverse effects were observed in critically ill patients; at the first clinic visit, Tmax showed no correlation with immunologic cell numbers or inflammatory biomarker levels in both EF and non-EF patients. At end-hospitalization, Tmax was positively correlated with neutrophil numbers and CRP, IL-6, and PCT levels, but negatively correlated with lymphocyte numbers in both EF and non-EF patients. The correlation between Tmax and IL-6 levels in EF patients was significantly weaker than in non-EF patients (0.65 vs. 0.27, z = −2.12, P = 0.0170). In addition, Tmax was negatively correlated with eosinophil counts (r = −0.24) in patients with EF, while no correlation was found between Tmax and eosinophils in non-EF patients.




DISCUSSION

Fever is one of the earliest symptoms that COVID-19 patients display when visiting the clinic for treatment, and it is easily measured in these patients (20, 21). In this investigation of clinical outcome in a large sample of COVID-19 patients, we found that EF patients with moderate/severe infection exhibited a longer time period between symptom onset and symptom alleviation, CT image improvement, and discharge from hospital compared with non-EF patients. We also found that EF was significantly positively correlated with time from symptom onset to hospital discharge in patients with moderate/severe infection. In addition, critically ill EF patients whose temperature increased as the disease progressed had worse survival outcomes compared with critically ill, non-EF patients. EF combined with ΔTmax > 0°C was an independent risk factor for mortality in critically ill patients.

Considering that mortality rates were quite different between critically and non-critically ill patients (22), the time to hospital discharge or death were selected as the primary outcomes for moderately/severely ill patients and critically ill patients, respectively. Our data showed that 39 (45.9%) of the 85 critically ill patients died during the observation period, while only one severely ill patient died during the observation period. Factors other than EF that were significantly associated with discharge time in patients with moderate/severe disease included sex, levels of IL-6 and CRP, and eosinophil numbers. All these factors, apart from EF, have been reported in previous studies (23–25). Apart from EF combined with temperature increase, risk factors for mortality in critically ill patients included sex (HR 2.63, 95% CI 1.15–6.04, P = 0.0197), ΔIL-6 > 10 pg/mL (HR 6.58, 95% CI 2.17–19.93, P = 0.0049), ΔCRP > 35 mg/L (HR 11.24, 95% CI 3.91–32.28, P < 0.0001), systemic steroid treatment (HR 8.50, 95% CI 3.59–20.18, P = 0.0320), and a history of chronic lung disease (HR 4.29, 95% CI 1.24–14.80, P = 0.0004). Most of these factors have also been reported in previous studies (26–29). However, to our knowledge, the positive correlations between increased temperature and mortality risk in patients with EF have not been reported.

SARS-CoV-2 infection can stimulate leukocytes to release cytokines, and in critically ill patients, an aberrant uncontrolled response known as “cytokine storm” can be triggered, contributing to lymphopenia, lung injury, and multi-organ failure (30, 31). Of these cytokines, IL-6 is a major pyrogenic cytokine that elevates the core body temperature via thermoregulatory autonomic mechanisms and correlates directly with disease severity (30, 32–34). In this study, we found that EF patients with moderate/severe infection displayed higher IL-6 levels than their non-EF counterparts at first clinic visit, and that there were positive associations between Tmax and IL-6 levels in patients with EF. However, no obvious differences in IL-6 levels were observed at first clinic visit between EF and non-EF patients in critical condition and no correlations between Tmax and IL-6 levels were found in either EF or non-EF patients at the first clinic visit. This phenomenon could be associated with the high proportion of elderly patients who were identified as being in critical condition in this study. It has been reported that elderly patients with COVID-19 have much higher mortality than younger patients and elderly patients often remain sedated or are slow to respond to infection (35–37). Therefore, the temperatures of critically ill patients may not reflect the acute inflammatory responses in early-stage disease, which is consistent with our finding that EF was not an independent risk factor for mortality in critically ill patients. However, our data showed that at end-hospitalization, Tmax of critically ill patients in both EF and non-EF groups were positively correlated with IL-6 levels, and the correlation was significantly stronger in EF patients than in non-EF patients. This suggests that at the late stage, higher temperatures in critically ill, EF patients could reflect higher IL-6 levels, contributing to formation of cytokine storm and increasing the mortality risk.

The use of systemic glucocorticoids in COVID-19 patients remains debatable (38). Based on a meta-analysis, Lu et al. reported that glucocorticoids can reduce the duration of fever in COVID-19 patients; however, no benefits were found in terms of mortality (39). In our study, systemic glucocorticoids were administered to ~30% of critically ill patients, and no significant differences in glucocorticoid treatment outcomes were observed between EF and non-EF patients. Although the use of systemic glucocorticoids may decrease body temperature in patients with fever (40), our data showed that about half of critically ill patients treated with systemic glucocorticoid still presented with elevated temperature at end-hospitalization. In the multivariable analysis, both systemic glucocorticoid treatment and the combination of EF and increase in temperature were independent risk factors for mortality, suggesting that the impact of glucocorticoids on body temperature did not interfere with the predictive value of EF in critically ill patients when their body temperature increased.

Our study had some limitations. First, this was a single-center study; thus, our results should be confirmed using data from multi-center or prospective studies. In addition, the application of NSAIDs and physical cooling in patients with fever may have affected Tmax in the correlation network analysis. However, the impact on the results of the correlation analysis was limited because the NSAIDs and physical cooling were only applied when patients had high fever (>39°C) during hospitalization.



CONCLUSIONS

In conclusion, our findings suggest that EF may be a predictor for a long recovery time in moderately/severely ill patients. In critically ill patients, its value in predicting death needs to be considered in cases of elevated temperature. The positive correlation between Tmax and IL-6 levels may play a role in the capacity for EF to predict clinical outcomes.
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COVID-19, coronavirus disease; EF; early fever; PCT, procalcitonin; CRR. high-sensitiity C-reactive protein; IL-6, interieukin-6; SE, standard error. A generalized linear regression model
was developed, and the p-values for the coefficients indicate whether these relationships are statistically significant.
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