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Objective: The outbreak of COVID-19 in 2020 is reminiscent of the H7N9 outbreak in 2013, which poses a huge threat to human health. We aim to compare clinical features and survival factors in fatal cases of COVID-19 and H7N9.

Methods: Data on confirmed COVID-19 and H7N9 fatal cases identified in mainland China were analyzed to compare demographic characteristics and clinical severity. Survival curves were estimated by the Kaplan–Meier method and compared using log-rank tests and a restricted mean survival time model. A Cox regression model was used to identify survival factors in fatal cases of COVID-19 and H7N9.

Results: Similar demographic characteristics were observed in fatal cases of COVID-19 and H7N9. The proportion of fatal cases of H7N9 receiving antibiotics, antiviral drugs, and oxygen treatment was higher than that of COVID-19. The potential protective factors for fatal COVID-19 cases were receiving antibiotics (HR: 0.37, 95% CI: 0.22–0.61), oxygen treatment (HR: 0.66, 95% CI: 0.44–0.99), and corticosteroids (HR: 0.46, 95% CI: 0.35–0.62). In contrast, antiviral drugs (HR: 0.21, 95% CI: 0.08–0.56) and corticosteroids (HR: 0.45, 95% CI: 0.29–0.69) were the protective factors for H7N9 fatal cases.

Conclusion: The proportion of males, those having one or more underlying medical condition, and older age was high in COVID-19 and H7N9 fatal cases. Offering antibiotics, oxygen treatment, and corticosteroids to COVID-19 cases extended the survival time. Continued global surveillance remains an essential component of pandemic preparedness.
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Introduction

The emergence in 2013 of novel avian influenza A H7N9 virus posed a pandemic threat to humans at the time, when human cases of infection from the virus occurred during annual winter–spring epidemics in mainland China (1). Fortunately, in September 2017, the successful development of an H5/H7 bivalent inactivated vaccine for chickens eliminated human infection with H7N9 virus (2, 3), and only three H7N9 cases have been reported since 1 October 2017 (2). Nevertheless, between 2013 and 30 September 2017, 1398 H7N9 cases and 560 H7N9 fatal cases were reported through the national surveillance system for notifiable infectious diseases in mainland China.

In December 2019, a novel coronavirus disease 2019 (COVID-19) outbreak occurred in Wuhan, China (4). Subsequently, outbreaks of human infections with severe acute respiratory syndrome-coronavirus-2 (SARS-CoV-2) occurred in 220 countries around the world (5). On 31 January 2020, the World Health Organization declared the COVID-19 outbreak to be a public health emergency of international concern (6). As of 13 September 2021, more than 21 million cases of COVID-19 had been reported globally, including 4,443,898 fatal cases around the world (7).

Here, we summarize the survival time and causes of clinical course changes in fatal cases of COVID-19 in mainland China compared with confirmed cases of H7N9 virus infections in the same region.



Methods


Study design and participants

This retrospective study includes a total of 290 fatal cases with COVID-19 at Jinyin-tan Hospital between 29 December 2019 and 24 April 2020. All cases were diagnosed based on the diagnosis and treatment protocol of the National Health Commission of the People's Republic of China (7th edition). Of these 290 fatal cases, 239 tested positive for SARS-CoV-2 by RT-PCR, while the remaining 51 were clinically diagnosed with COVID-19. The criterion of clinically diagnosed COVID-19 was confirmed by epidemiological history and clinical manifestations.(8) Epidemiological history: (1) History of travel to or residence in Wuhan and its surrounding areas, or in other communities where cases have been reported within 14 days prior to the onset of the disease; (2) In contact with novel coronavirus infected people (with positive results for the nucleic acid test) within 14 days prior to the onset of the disease; (3) In contact with patients who have fever or respiratory symptoms from Wuhan and its surrounding area, or from communities where confirmed cases have been reported within 14 days before the onset of the disease; (4) Clustered cases (2 or more cases with fever and/or respiratory symptoms in a small area such families, offices, schools etc. within 2 weeks). Clinical manifestations: (1) Fever and/or respiratory symptoms; (2) The imaging characteristics; (3) Normal or decreased white blood cell count, normal or decreased lymphocyte count in the early stage of onset. Clinically diagnosed COVID-19 case has any of the epidemiological history plus any two clinical manifestations or all three clinical manifestations if there is no clear epidemiological history.

In addition, we collected individual records of all 114 laboratory-confirmed H7N9 fatal cases in Zhejiang province from 18 March 2013 to 30 September 2017 from an integrated electronic database managed by Zhejiang CDC. Zhejiang province had the largest number of H7N9 cases. China required every identified H7N9 case to be reported to China CDC within 24 h via a national surveillance system for notifiable infectious diseases. Diagnostic confirmation of H7N9 infection was done either by the isolation of H7N9 virus or a positive real-time reverse-transcription polymerase chain reaction (RT-PCR) assay for H7N9 virus in a respiratory specimen (9).


Data collection

We collected the epidemiological, clinical, laboratory, and clinical management data for 290 fatal COVID-19 cases and 114 fatal H7N9 cases from Jinyin-tan Hospital's information system and Zhejiang province's integrated electronic database, respectively, using standardized forms. We also collected illness onset, diagnosis, and hospital admission times.



Statistical analysis

Descriptive statistical methods were adopted to analyze the continuous variables and categorical variables for H7N9 and COVID-19 cases, respectively. The differences between the two groups were compared by c2 test. We used the Kaplan–Meier (KM) method to estimate the survival rate and plot the survival curve. Before conducting a log-rank test between the different survival curves, we constructed a test for the proportional hazards (PH) assumption on groups by creating a time-dependent covariate in a PH model. A restricted mean survival time (RMST) model was adopted to plot the mean survival time curves. We were also able to use this model to compare the mean survival time in different groups relative to maximum survival time (τ). We used the Gaussian density estimation method, which is a nonparametric technique, to create a smoothing approximation of time-to-event distributions for illness onset to death and hospital admission to death. The Cox proportional hazards model was used to estimate the effect of covariates on survival time in H7N9 and COVID-19 cases.

Statistical analyses were performed using SAS 9.4 (SAS Institute, Cary, NC).



Ethical approval

The Ethics Review Committee of the Jinyin-tan hospital provided approval for this study (No: KY-2020-62·01). Additionally, patients' personal identifying information was anonymized to ensure privacy.





Results


Demographics and underlying medical conditions

A total of 290 fatal cases with COVID-19 and 114 fatal cases with H7N9 were analyzed in this study. Of those, 188 (64.83%) and 75 (65.80%) were male for COVID-19 and H7N9, respectively; the male-to-female ratios were 1.84:1 and 1.92:1, respectively. The median age was 68.00 years (IQR: 61.00–75.00) for COVID-19 cases and 65.00 years (IQR: 57.00–75.00) for H7N9 cases, and the age group distribution across the two groups was not significantly different (p = 0.125; Table 1 and Supplementary Figure 1A). In addition, there was no significant difference in gender and age in the different groups (Supplementary Figures 1B,C).


TABLE 1 Demographics and underlying medical conditions in fatal cases with COVID-19 and H7N9.
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There was no difference between the prevalence of underlying medical conditions for COVID-19 compared with H7N9 cases. Hypertension (44.06 vs.44.44%), diabetes (18.88 vs.24.07%), and cardiovascular disease (9.79 vs.6.48%) were the most common underlying medical conditions for both COVID-19 and H7N9. In addition, the proportion of fatal COVID-19 cases with three chronic medical conditions was higher than that of H7N9 fatal cases, although the p-value was not significant (Table 1).



Times to events

The median time from illness onset to diagnosis and from illness onset to hospital admission was different between the COVID-19 and H7N9 groups (p < 0.050); patients in the COVID-19 group had a longer time from illness onset to both diagnosis and hospital admission (11.00 and 11.00 days vs.7.00 and 6.00 days; Figures 1A,B). In addition, although the p-value was significantly different (p = 0.03686), the time from illness onset to death in the COVID-19 group was only 1 day longer than in the H7N9 group (23.00 days vs.22.00 days; Figure 1C), and the time from hospital admission to death was shorter in the COVID-19 group than that in the H7N9 group (10.00 days vs.15.00 days, p = 0.001; Figure 1D).
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FIGURE 1
 Time-to-event distributions of COVID-19 and H7N9 fatal cases. (A) Days from illness onset to diagnosis. (B) Days from illness onset to hospital admission. (C) Days from illness onset to death. (D) Days from hospital admission to death.




Treatment and complications

From the perspective of treatment, although most COVID-19 and H7N9 fatal cases received antibiotics, antiviral treatment, and oxygen treatment, the proportion of H7N9 cases using the above treatments was significantly higher than that of COVID-19 cases, and the difference between the two groups was statistically significant (p < 0.05). However, the proportion of fatal COVID-19 cases (64.48%) was higher than that of H7N9 fatal cases (55.74%). In addition, the proportion of H7N9 fatal cases complicated with acute respiratory distress syndrome was significantly higher than that of fatal COVID-19 cases (25.23 vs.6.55%, p < 0.001) (Table 2).


TABLE 2 Treatment and complications in fatal cases with COVID-19 and H7N9.
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Survival time from hospital admission and illness onset to death

Based on the time from hospital admission to death, a log-rank test showed that the survival time in hospital for H7N9 cases was longer than that for COVID-19 cases (p < 0.001; Figure 2A), and this difference was also observed in RMST curves (p < 0.001; Figure 2B). However, when using illness onset as the starting point for survival time, the difference between the two KM curves was not statistically significant (p = 0.413), and the mean survival time for COVID-19 cases was not statistically higher than that for H7N9 cases within maximum survival time (Figures 2C,D).
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FIGURE 2
 Survival time from hospital admission and illness onset to death by log-rank test and RMST curves. (A) Survival time from hospital admission to death by log-rank test. (B) Survival time from hospital admission to death by RMST curves. (C) Survival time from illness onset to death by log-rank test. (D) Survival time from illness onset to death by RMST curves.




Factors associated with survival time interval from hospital admission to death

The effect of covariates on the survival time for COVID-19 cases from hospital admission to death was assessed using a Cox proportional hazards model, and the potential protective factors included receiving corticosteroids, antibiotics, and oxygen treatment, after adjusting for other covariates. The risk of death among COVID-19 cases receiving antibiotics or oxygen treatment was significantly lower than among the cases who did not receive these treatments (HR: 0.37, 95% CI: 0.22–0.61 and HR: 0.66, 95% CI: 0.44–0.99, respectively). The risk of death among the COVID-19 cases who received corticosteroids was about half of that among those who did not receive corticosteroids (HR: 0.46, 95% CI: 0.35–0.62). The hazard of death in hospital among the H7N9 cases who receiving antivirus or corticosteroid was less than among the COVID-19 cases (HR: 0.21, 95% CI: 0.08–0.56 and HR: 0.45, 95% CI: 0.29–0.69, respectively). Receiving corticosteroid showed a protective effect both in the COVID-19 and the H7N9 cases. In addition, the time interval from hospital admission to death (median, IQR, days) was generally consistent with the HRs (Table 3).


TABLE 3 Forest plot of factors associated with survival time interval based on hazard ratio (HR) from hospital admission to death.
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Discussion

Human infection with H7N9 virus and SARS-CoV-2 were two respiratory infectious disease pandemics in China in recent decades that posed a major threat to public health, since these viruses may acquire mutations that enable efficient and sustained human-to-human transmission and lead to pandemic. Therefore, in this study, we compared the clinical processes of the two infectious diseases and confirmed their significantly different survival times by KM and RMST models. We found that male, having underling medical condition, older age were high-risk groups of COVOD-19 and H7N9 infection. Antibiotics, oxygen treatment, and corticosteroids were protective factors for fatal COVID-19 cases. In contrast, antiviral drugs and corticosteroids were the protective factors for H7N9 fatal cases.

We found that both COVID-19 and H7N9 fatal cases were mostly male, older, and with at least one underlying condition. Vaccine is the most effective method for preventing infectious disease, especially among high-risk populations. The H5/H7 bivalent inactivated vaccine for chickens was first used in September 2017, and the H7N9 virus isolation rate in poultry dropped by 93.3% following vaccination (4). Since most H7N9 cases had avian transmission, and human to human infection was limited, the avian vaccine was also effective in blocking human infections with H7N9 virus, and only three further cases of infection have been reported since September 2019. However, the current pandemic's SARS-CoV-2 pathogen spreads more widely and quickly and is highly transmissible from human to human (10), which leads to it posing a pandemic threat to human beings (11) and having a greater impact on the world. Therefore, effective vaccination of humans is particularly important as a means to prevent and block transmission. In China, as of 26 August 2021, more than two billion doses of COVID-19 vaccine had been distributed, and nearly 890 million people had completed the vaccination program. In the latest round of epidemics, the vaccination of COVID-19 has played a definite role in controlling it.

Early detection, diagnosis, and treatment form the basis for controlling and eliminating infectious diseases and improving survival opportunity. For H7N9 cases, early detection can control the disease process as much as possible and reduce the proportion of severity and death. However, for COVID-19 cases, early detection and diagnosis are not only to reduce severity and death but also to reduce the transmission of the SARS-CoV-2 virus. In the early stages of the COVID-19 epidemic, this new and emerging infectious disease was not fully understood, chaos, and resource limitations, so the time interval from illness onset to death was shorter, and that from illness onset to diagnosis was longer. However, greater understanding of COVID-19 and the continuous refinement and improvement of diagnostic criteria and improved sensitivity of detection kits not only accelerated the diagnosis of COVID-19 cases but also facilitated timely and accurate prevention and control. Nevertheless, false-negative test results may occur in up to 20–67% of cases (12); therefore, highly clinically suspicious patients should not rely solely on the results of RT-PCR tests, and clinical and epidemiological investigation should be carefully considered (13). In addition, the sensitivity of testing varies with the timing of testing relative to exposure (12). It is estimated that such sensitivity is 62% on the day of symptom onset and 80% on the third day after that, but it falls to only 33% 4 days after exposure (12, 14, 15). Therefore, timely sampling for detection is an important method for reducing false negative tests. Moreover, high-risk groups need to increase the number of their RT-PCR tests and to appropriately extend their isolation period.

At present, although there is no evidence to show that specific drug treatments are effective against suspected or confirmed cases with COVID-19 or H7N9, antiviral therapy and organ support therapy are the cornerstone of the treatment of severe cases with both diseases (16, 17). Our study indicated that more than half of the fatal COVID-19 and H7N9 cases received antibiotics (93.79 and 100.00%), antiviral drugs (55.52 and 82.86%), corticosteroids (64.48 and 55.74%), and oxygen treatment (88.97 and 97.75%) after hospital admission. Our study found that, without specific drug treatment for COVID-19 and H7N9, corticosteroid was a protective factor. This has been proven in research at Oxford University, where the latest study showed the ability of dexamethasone to reduce the risk of death by 54% in cases with COVID-19 requiring ventilation (18). In addition, recent research has indicated that the appropriate use of corticosteroids together with other remedies should be beneficial for severe cases of COVID-19 and H7N9 to prevent ARDS development (19, 20). Separately, severe COVID-19 cases are susceptible to secondary bacterial infection; therefore, a combination of antibiotics can also prolong the survival time of fatal cases and decrease the risk of death of COVID-19 cases requiring oxygen inhalation by 20% (18). For H7N9 cases, early initiation of antiviral therapy in patients is an important method to delay severity and death (17).

Surveillance is the most effective early warning method for emerging infectious diseases, and effective public health emergency management can reduce the adverse impact of emerging infectious diseases (21). In response to the 2003 severe acute respiratory syndrome outbreak, China established the National Notifiable Infectious Disease Surveillance System (NNIDSS) for 39 infectious diseases (22). The establishment of NNIDSS strengthened the construction of China's system for infectious diseases and public health emergencies (23) and played an important role in the outbreak of H7N9 avian influenza and the COVID-19 epidemic (21). However, infectious diseases have emerged one after another in recent years, and the existing surveillance system does not seem to be sufficient for the early warning of emerging infectious diseases. The Chinese government needs to consider further how to improve the existing surveillance system and its early warning role.

This study has some limitations. First, we only collected data on fatal cases, and mild and moderate cases were not included in the study; thus, a comprehensive comparison of survived and deceased cases was not possible. Second, we only collected information on early fatal COVID-19 cases, limiting our ability to characterize the differences between different variants. Third, some potential factors associated with survival time were not collected, which may cause bias. However, the most important factors have been collected.

In conclusion, we have described the clinical characteristics of fatal cases with COVID-19 and H7N9. We found the proportion of males, those having one or more underlying medical condition, and older age were high in these fatal cases. Moreover, from the perspective of individual treatment, offering antibiotics, oxygen treatment, and corticosteroids to COVID-19 cases extended the survival time. However, antiviral therapy and corticosteroids were more effective in H7N9 cases. Last, continued global surveillance of COVID-19 and human infections with avian influenza A viruses remains an essential component of pandemic preparedness.
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