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Abstract

Background: The Northern Hemisphere faces the prospect of the coronavirus disease 2019 (COVID-19) pandemic and a simul-

taneous epidemic of seasonal influenza. However, the clinical impacts of single and dual infections with influenza A (H1N1)

and SARS-CoV-2 haven’t been well described. Objectives: We aim to compare the clinical features, severity and outcome

among patients with single and dual infections with influenza A (H1N1) and SARS-CoV-2. Methods: Characteristics and

outcomes in adults ([?]18 years) hospitalized for H1N1 infection (n = 220) were retrospectively compared with cases hospital-

ized for SARS-CoV-2 infection (n = 249) and co-infection with both viruses (n = 36) in a single-center study in Guangzhou,

China. Results: Compared with COVID-19 infection, patients with H1N1 were more likely to have clinical symptoms (P <

0.05), higher admission body temperature (37.8 vs 37.2, P < 0.05), but shorter duration of hospitalization (7.0 vs 17.5 days,

P < 0.05) and lower incidence of pneumonia during hospitalization (46.8% vs 73.1%, P < 0.05). Co-infection tended to be

more common among older patients (median age 56.0 years old) and was associated with increased odds of prolonged duration

of hospitalization (>20 d), pneumonia, secondary bacterial infections and admittance to ICU, compared with H1N1 patients

(P < 0.05). Conclusion: COVID-19 patients have a higher incidence of pneumonia during hospitalization whilst fewer onset

symptoms than H1N1 patients. Co-infection was more found in older age and was associated with poorer clinical outcomes.

1.Introduction

Influenza is a contagious respiratory disease that is widespread across the globe. Despite advances in medical
technology, influenza causes considerable hospitalizations and mortality1,2. H1N1 is a subtype of influenza A
virus that leads to respiratory infections and has caused two pandemics over the past 102 years3,4. The most
recent pandemic of H1N1 influenza occurred in 2009 and affected 60.8 million people, resulting in 284,000
deaths worldwide5,6.

Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) has now spread to most countries, with
WHO declaring a COVID-19 pandemic on March 1, 20207. As of June 24, 2020, more than nine million con-
firmed cases and 473,061 deaths had been reported globally8. The outbreak of COVID-19 began in December
2019, which also corresponded with the flu season in China and the United States9,10, the management of
the disease was often complicated by the diversity in “influenza-like” clinical manifestations. Hence, differ-
entiating the clinical impact of SARS-CoV-2 and H1N1 virus-infection will facilitate rational arrangements
for implementation of COVID-19 prevention and treatment strategies. Previous studies have only compared
the general epidemiological and clinical presentation of patients infected SARS-CoV-2 and H1N1 virus11-16.
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However, few studies have been performed to compare the severity and clinical outcome of these two types
of infection.

Recently, influenza A(H1N1)pdm09 was reported as a common co-pathogen in COVID-19 patients17, and the
viral co-infection is proved to be associated with more adverse clinical outcomes18-20. The data on the clinical
characteristics and outcomes of patients mix-infected with SARS-CoV-2 and H1N1 are scarce, but are of
paramount importance to the development of efficacious interventions and protective measures. Therefore,
to facilitate efforts, both in China and globally, we report the clinical features, severity and outcome of
patients with laboratory-confirmed H1N1, SAR-CoV-2 infection and co-infection with both viruses.

2.Methods

2.1 Study population

This retrospective study analyzed patients admitted to the Guangzhou Eight People’s Hospital with
laboratory-confirmed H1N1 and COVID-19 infection. After excluding 7 patients who were minors ([?]18
years) and four patients with immune deficiency, a total of 220 H1N1-infected patients between January
2016 and May 2019 were enrolled in this study. For patients with COVID-19, we excluded 6 patients who
were minors ([?]18 years) and three patients with immune deficiency, after which 285 COVID-19 patients
admitted to the hospital between January 2020 and April 2020 were enrolled. Of these patients, 36 patients
who had a mixed infection of H1N1 and COVID-19 were used as the comparator group. The study was
approved by the Guangzhou Eight People’s Hospital Medical Ethical Committee.

2.2 Clinical data collection and definitions

Electronic and written medical records were reviewed for all subjects. Data collected included demographic
details, comorbid illnesses, presenting symptoms and signs, blood biochemical indexes, antiviral and an-
tibiotic use, vasoactive drugs received (dobutamine or noradrenaline), intensive care unit (ICU) admission,
hospital length of stay, requirement for ventilatory support, and occurrence of adverse events. Pneumonia
was defined as the presence of pulmonary infiltrates on chest imaging not contributable to other causes.
ARDS was defined based on the Berlin definition21. Immune deficiency was defined as organ transplant,
active therapy for malignancy, and high-dose steroids/other iatrogenic drugs. Mixed infection of H1N1 and
COVID-19 is defined as nucleic acid detection show positivity in both viruses, and the management measures
refer to those of COVID-19 infection.

2.3 Virus identification

H1N1 virus infection were confirmed by analysis of nasopharyngeal swabs, sputum, bronchoalveolar lavage
fluid and/or blood and/or urine samples using H1N1 virus Nucleic Acid Detection kit (Liferiver)22. SARS-
CoV-2 infection were confirmed by analysis of nasopharyngeal swabs, sputum and blood samples using
nucleic acid detection by RT-PCR23.

2.4 Statistical analysis

Continuous variables are described medians (interquartile ranges, IQRs). Categorical variables are presented
as frequencies and percentages. Comparisons of proportions were performed with chi-square and Fisher’s
exact tests; continuous variables were compared using the Mann–Whitney U test. All probabilities were 2-
tailed, with statistical significance defined as P [?] .05. Binary logistic regression was performed to estimate
the odds ratio (OR) and 95% confidence interval (CI) for comparison of clinical hospitalization outcomes
in H1N1-infected, SAR-COV-2 infected and mixed infected groups. Adjustment factors included age, sex,
comorbidities and smoking history. These risk factors were previously shown to be associated with the
clinical prognosis of influenza and COVID-19 patients and served as confounders24,25. All analyses were
performed using STATA, version 14.

2.5Role of the funding source

The funders of the study had no role in the study design, data collection, data analysis, data interpretation,
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or writing of the report. The corresponding authors had full access to all the data in the study and had final
responsibility for the decision to submit for publication.

3 Result

3.1 Comparison between H1N1 infected patients and SAR-COV-2 infected patients.

Demographic characteristics, ABO blood group and comorbidities prior to admission of all hospitalized
patients are presented in Table 1. The proportions of men and patient blood group were similar in the
two groups. The median ages of H1N1 and SAR-COV-2-infected patients were 50.0 years (IQR 30.0-65.0,
range 20.0-90.0) and 47.0 years (IQR 33.0-61.0, range 18.0-90.0), respectively (P > .05). The duration from
disease onset to admission was longer in H1N1 patients (4.0 vs 3.0, p = 0.001). As for comorbid conditions
at admission, cerebrovascular disease, diabetes mellitus, hyperlipidemia and COPD were more common in
H1N1-infected populations than those in SAR-COV-2-infected group. There were no significant differences
between the groups in proportion of ABO blood group. Clinical symptoms were more frequently shown
in H1N1-infected group than SAR-COV-2-infected group at admission except for dry cough and diarrhea.
Diarrhea was more common in SAR-COV-2-infected group: (4.02% vs 0.91%, P = .033). The difference in
the proportion of fever was the most obvious: (82.73% vs 48.59%, p < .001). In addition, H1N1 patients
had higher admission temperature (median 37.8 °C, IQR (36.8-38.2) vs. 37.2 (36.8-37.6); p < .001). The
comparison of the results of routine blood tests at admission are shown in table 1. For infection-related
biomarkers, C-reactive protein level and procalcitonin level on admission were higher in H1N1 patients
(median C-reactive protein level 44.96 mg/L, IQR 20.36-77.75; median procalcitonin level 0.16 ng/mL [0.05-
0.61]) than non-ICU patients (median C-reactive protein level 32.08 mg/L [12.08-36.30], p <.001; median
procalcitonin level 0.07 ng/mL [0.04-24.7], p= 0.0332).

As for treatment and clinical outcome on the two viruses, SAR-COV-2-infected patients were significantly
more frequently received antiviral therapy (84.74% vs 76.82%, p = .029) (table 2), as was oxygen therapy:
(62.65% vs 40.91, p < 0.001). Pneumonia and multilobar infiltrates were more frequent occurred in SAR-
COV-2-infected patients. SAR-COV-2-infected patients’ median duration of hospital stay was longer than
those of H1N1 infected patients: (17.5 days vs 7 days, P < .001). Generally, the rates of adverse clinical
events were higher in elder patients (Figure 1). In univariable analysis, the odds of hospitalization outcomes
(length of stay in hospital >20 days and pneumonia) in SAR-COV-2-infected patients were higher than
in those hospitalized with H1N1 infection, albeit with a lower risk for highest temperature > 39°C during
hospitalization. When adjusting for age, sex, comorbidities and smoking history our regression model showed
similar results (Figure 2).

3.2 Comparison betweenSAR-COV-2 infected patients andmixed-infected patients.

When comparing SAR-COV-2 infected patients with mixed-infected patients (Table 1), we observed that
mixed-infected patients (n=36) tended to be older (median 56.0 years vs 47.0 years, p=0.027), with a
higher proportion of patients with more than two comorbidities (25.0% vs 8.84%, P = .004). There were no
major differences regarding sex or blood group. Myalgia was more frequent in mixed-infected patients; other
symptoms showed no significant difference between the two groups. For comparison of the results of routine
blood tests, neutrophil count and C-reactive protein level were significantly higher in mixed-infected patients
(median neutrophil count 3.67×109 cells/L; median C-reactive protein level 51.2 mg/L) than patients infected
with SAR-COV-2 alone (median neutrophil count 2.83×109 cells/L, P = 0.0081; median C-reactive protein
level 32.08 mg/L, P < 0.001) whilst haemoglobin and albumin were in a lower level.

Significantly more mixed-infected patients underwent vasoactive agents therapy and ventilation (table2).
The length of hospital stay was longer (20.0 vs 17.5 days, P = 0.02) and the rate of secondary bacterial
infections (13.89% vs 3.21%, P = 0.004), admittance to ICU (19.44% vs 5.22%, P = 0.002) and mortality
(2.78% vs 0, P = 0.008) were significantly higher in mixed-infected patients.

4.Discussion

With COVID-19-specific antiviral therapy advancing in clinical development, the question of differentiating

3
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SARS-CoV-2 infection from that of influenza and assessing their clinical impact in adult populations will
likely become highly relevant to care decisions worldwide26. We reported here the clinical characteristics
and severity of 505 patients hospitalized with illness caused by H1N1, SAR-COV-2 or mixed-infection of
both viruses. H1N1-infected patients more frequently showed clinical symptoms than patients with SARS-
CoV-2 infected alone, especially for fever. During hospitalization, COVID-19 patients were more likely to
develop pneumonia than H1N1 patients. Compared with infected by single virus, mixed-infection affected a
predominantly older age group and was associated with poorer clinical outcome.

For the comparison between patients with H1N1 or SARS-CoV-2 infected alone, the symptoms commonly
observed in both study groups included fever, dry cough, expectoration, and chill. We found that fever and
dry cough were the dominant symptoms in two groups. Except for dry cough and diarrhea, symptoms were
more frequent in H1N1 group. The absence of fever in COVID-19 was more common than in H1N1 influenza,
moreover, higher body temperature was collected in H1N1 patients at admission, thus specified surveillance
case definition on fever may facilitate identification of viral types of infection at admission. Compared
with the H1N1 group, patients with SARS-CoV-2 infection had fewer prominent upper respiratory tract
signs and symptoms (eg, expectoration or sore throat), indicating that the target cells might be located in
the lower airway27. Correspondingly, SARS-CoV-2 group had a higher probability of pneumonia (OR:3.22,
95%CI: 2.16-4.80) compared to H1N1 group, which further confirmed a difference in viral tropism between
two viruses28,29. Consequently, SARS-CoV-2-caused pneumonia may account for the prolonged duration of
hospitalization. The pathogenic mechanism underlying these differences between the two viruses are not
clear yet and warrants further virological research. Of note, 10 (4.02%) patients in SARS-CoV-2 group had
diarrhea as an initial symptom which was more common than the H1N1 group (0.91%); these findings echo a
previous report13, and collectively suggesting this possibly a distinguishing clinical symptom of COVID-19.
In the current study, laboratory test findings of H1N1 group at admission tended to be more abnormal,
especially concerning measurements of inflammatory markers (eg. C-reactive protein level and Procalcitonin
level). These findings were in line with the study conducted by Li Y et al.12; and can be attributable to the
more common acute upper respiratory tract infection in hospitalized H1N1 patients30. This could explain
the reason we have observed more symptoms of acute infection in H1N1 patients at admission. The diverse
characteristics of infection provides the rationale for advancing antiviral interventions in efforts to improve
outcomes of these two types of patients.

Of the 285 COVID-19 patients analyzed, 36 (12.6%) patients were detected mix-infected by A(H1N1)pdm09.
Co-infections more frequently occurred in patients with older age and more comorbidities, which may due to
the relative lack of immunity to respirovirus in this population31. CRP and PCT, which was the severity index
of pneumonia32, were lower in those with COVID-19 than the co-infection patients, suggesting co-infection
is more severe than SARS-CoV-2 infected alone. Furthermore, after adjusting age, sex, comorbidities and
smoking history, co-infection was associated with higher odds of several adverse clinical outcomes. This
finding was in accordance with a previous report on other respiratory disease18. Thence, it’s recommended
that COVID-19 patients be detected for H1N1 infection at admission, and treat the detected mix-infected
patients with rigorous clinical surveillance.

Secondary bacterial infection is a common and serious complication of influenza33,34. In this study, a higher
rate of secondary bacterial infections was recorded among mix-infected patients. Therefore, similar to the
recommendation for community-acquired pneumonia, it’s reasonable for adults with COVID-19 who test
positive for influenza to take initial antibacterial treatment, because it is difficult to exclude the presence of
bacterial co-infection in these patients35.

There are limitations in this study. It was a single-center analysis, the features of the setting may not be
representative of Chinese patients as a whole. As a retrospective study, the further clinical progression could
not be collected. We also failed to explore the relationships regarding 30-days mortality due to the limited
number of death cases (n = 2).

In conclusion, H1N1 patients more frequently showed clinical symptoms than COVID-19 patients, especi-
ally for fever, which may provide recommendations for initial differential diagnosis. In contrast, COVID-19
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patients have a higher incidence of pneumonia than H1N1 patients during hospitalization. Mixed-infection
affected a predominantly older age group and was associated with poorer clinical outcomes. So far, we do
not yet have a COVID-19 vaccine, but safe and moderately effective influenza vaccines are available. Thus,
a widespread use of influenza vaccines is important now than ever to reduce the risk of co-infection. Addi-
tionally, molecular diagnostic testing for both viruses is recommended for all patients with acute respiratory
illness which would enable patients with co-infection to be recognized and given appropriate treatments in
time in efforts to improve outcomes.
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Figure legends

Figure 1. Adverse events’ rates by patient subgroup

Figure 2 Forrest plot of the impact of infection type on the illness severity and outcomes of
hospitalized patients in China.SARS-CoV-2=severe acute respiratory syndrome coronavirus 2.
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