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Abstract 

Background: An outbreak caused by the 2019 novel coronavirus (2019-nCoV) has 

spread globally. However, the viral dynamics, co-infection and their associations with 

clinical severity, have not been well explored.  

Methods: We longitudinally enrolled 23 (Five severe-type, ten common-type and eight 

asymptomatic-type patients) hospitalized 2019-nCov-infected patients in Jiangsu 

between January 21 and February 11, 2020. Medical records and pharyngeal swab 

specimens, were collected to analyze the association between viral dynamic and disease 

severity.  

Results: Five severe-type, ten common-type and eight asymptomatic-type patients 

were enrolled. Linear mixed effects models revealed that the common and severe-type 

patients had a higher level of viral load (3.08 points, 95% CI, 0.51-5.65, P = 0.019; 6.07 

points, 95% CI, 2.79-9.35, P < 0.001) and maintained a higher peak viral load (P = 

0.066 and 0.022, respectively), when compared with the asymptomatic group. Viral 

load shedding among older patients (aged ≥ 60) processed slower than that among 

younger patients (P = 0.047). RNA virome sequencing identified two co-infected RNA 

viruses, Human endogenous retrovirus H (HERV) and Human picobirnavirus (HPBV). 

Of note, HPBV was detected in one severe-type and two common-type patients, while 

was not detected in all the asymptomatic cases. 

Conclusion: Higher viral load was positively associated with disease severity. This 

finding highlights the importance of monitoring the viral kinetics to identify patients at 

greater risk of progressing to severe pneumonia. 
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Background 

The COVID-19 caused by 2019-nCoV infection represents a spectrum of clinical 

severity. Some patients are asymptomatic or have merely mild upper respiratory tract 

symptoms. The virus also causes severe pneumonia. It is estimated that approximately 

20% of patients develop severe respiratory illness eventually, with the overall case 

fatality rate around 2.3%[1] . Hence, it is critical to compare the clinical features of 

COVID-19 patients diagnosed with different clinical severity and to identify the risk 

factors for the progression to severe COVID-19 pneumonia. 

Early efforts on describing the temporal profiles of viral load have been done for 

2019-nCov[2-4]. A previous observational cohort study revealed that the viral load 

profile of 2019-nCoV peaks at symptom onset[4]. Other case series reported that 2019-

nCoV could shed in upper/lower respiratory specimens, stools, blood and urines of 

patients[5, 6]. However, important knowledge gaps remain, particularly regarding the 

temporal profiles of viral load in association with disease severity of COVID-19. On 

the other hand, several studies have reported the co-infection of 2019-nCov with other 

respiratory virus, like Influenza A[7]. The co-infection indicates the possibility of viral 

interactions bearing on the course of infectious diseases[8, 9]. However, the exact roles 

of co-infection in the clinical course of COVID-19 are still unclear. 

Here we longitudinally assessed the clinical symptoms and severity of 23 

hospitalized 2019-nCov-infected patients in Jiangsu, and systematically evaluated their 

viral load and mixed infection in relation to disease severity. 

 



Methods 

Study design and patient enrollment 

This study was approved by the Institutional Review Board (IRB) of Nanjing Medical 

University. A total of 23 COVID-19 patients were recruited in this study in Jiangsu 

Province. All patients were enrolled between January 21 and February 11, 2020 in this 

cohort study, with last follow-up was on March 14, 2020. All patients enrolled in this 

study were diagnosed as COVID-19 according to the diagnostic criteria from the 

seventh version of the guidelines on the Diagnosis and Treatment of COVID-19 by the 

National Health Commission of China[10]. Based on the guideline, patients were 

classified into three groups: severe type; asymptomatic type; and common type. Patient 

are classified as severe if one of the following conditions is met: 1) respiratory rate ≥ 

30 per min; 2) oxygen saturation on room air at rest ≤ 93%; or 3) partial pressure of 

oxygen in arterial blood/fraction of inspired oxygen ≤ 300 mmHg. Patients who are 

tested positive for 2019-nCoV virus’ nucleic acid but have no clinical symptoms are 

defined as asymptomatic infection. The rest patients are classified as common type. In 

our study, severe type and common type were combined as symptomatic group (vs. 

asymptomatic group) in the analysis. 

 

Data source 

Medical records of COVID-19 patients were reviewed and contact history, 

demographic, clinical, laboratory examination, and outcome data were collected by the 

research team. The symptoms presented on each case during their hospitalization were 

recorded in this study, including fever, cough, nasal congestion, dizziness, fatigue, 

arthralgia, etc. Laboratory assessments included whole blood count, blood chemistry, 

coagulation test, liver and renal function, electrolytes, C-reactive protein, procalcitonin, 

lactate dehydrogenase and creatine kinase. Pharyngeal swab specimens were collected 

on admission day and every other day thereafter for the 2019-nCov virus test. Viral 

RNA was isolated from 200μl virus preservation solution containing throat swabs using 

the AllPrep DNA/RNA Mini Kit (Qiagen, Hilden, Germany) following the 

manufacturer’s instructions[11]. Quantitative real-time reverse-transcriptase 



polymerase chain reaction (qRT-PCR) for the Orf1ab gene was performed with qRT-

PCR kit (BGI Genomics, Beijing, China) recommended by the Chinese Center for 

Disease Control and Prevention (CDC) following WHO guidelines [10, 12]. The 

specimens were considered positive if the cycle threshold (Ct) value was ≤ 40, and 

negative if the results were undetermined.  

 

Virus RNA library construction and sequencing 

For each patient, the sample on admission was selected for RNA virome sequencing. 

Virus RNA, as described above, was reverse transcribed, amplified using REPLI-g 

WTA Single Cell Kit (Qiagen, Hilden, Germany) and Ovation Trio RNA-Seq library 

preparation kit (NuGEN, CA, USA) and sequenced on the NovaSeq platform (Illumina). 

Library preparation and sequencing were carried out at Nanjing Medical University, 

Nanjing, China. 

 

Virome sequencing data processing 

The raw sequencing reads were first adaptor and quality trimmed using the 

Trimmomatic program at a quality filter of Q20 Phred quality score[13]. Host human 

genome reads were filted by removed using the STAR program[14]. The remaining 

reads were assembled de novo using Megahit[15] with default parameter settings. 

Megahit generated a total of 1,312,368 assembled contigs with a size range of 200-

22832 nt. The number of reads of each assembled contig was calculated using 

BBmap[16]. All of these assembled contigs were compared (using BLASTn and 

Diamond BLASTx) against the entire virus non-redundant (nr) protein sequence 

database and nucleotide (nt) sequence database (NCBI taxonomy ID 10239), with e 

values set to 1×10-3, mismatch set to ≤ 3 and match length set to ≥ 50 and ≥ 100, 

respectively. For contigs mapped to virus reference sequence, false-positive contigs 

were removed by comparing against the entire nr and nt databases (not only virus) with 

e values set to 1×10-3. 

 

Statistical analysis 



Continuous variables were expressed as the medians and interquartile ranges (IQR). 

Categorical variables were summarized as the counts and percentages in each category. 

Fisher’s exact test was used for categorical variables. Mann-Whitney U test was used 

to compare the Ct value among different clinical groups. Spearman’s correlation was 

applied for evaluating the relationship between age and Ct value. To describe distinct 

clusters of individual trajectories, trajectory models were fit using the STATA ‘traj’ 

within each clinical group. Each trajectory could be estimated with up to a first-order 

polynomial function of the dependent variable, in this case Ct, over time. Linear mixed 

effects models were applicable for comparing the viral dynamics among different 

subgroups. All statistical analyses were performed using STATA (v15.0, College 

Station, TX, USA) and significance was determined at a P < 0.05. 

 



Results 

Description of Clinical Characteristics 

The demographic and clinical characteristics were listed in Table S1. The median age 

was 41.0 years (IQR, 23.0-64.0). Ten patients (43.5%) were males. Twelve (52.2%) had 

a history of recent travel to Hubei. One patient had a history of smoking, and 7 (30.4%) 

were complicated with chronic diseases. The most common symptoms at illness onset 

were fever (15, 65.2%) and cough (9, 39.1%). 

According to the guidelines, 5 patients were classified into severe group (one was 

critical case), 8 were asymptomatic group, and the rest 10 patients with non-severe 

pneumonia onset wereclassified into common group. Compared with asymptomatic or 

common patients, the severe patients had a higher rate of diabetes (12.5% vs. 0% vs. 

60.0%, P = 0.018), fever (0% vs. 100.0% vs. 100.0%, P < 0.001), cough (0% vs. 50.0% 

vs. 80.0%, P = 0.009), nausea (0% vs. 0% vs. 60.0%, P = 0.006) and vomit (0% vs. 0% 

vs. 40.0%, P = 0.040). The laboratory findings at admission were also listed in Table 

S1. Patients with severe disease had more abnormal laboratory test results (including 

leukopenia and lymphocytopenia, P = 0.036 and 0.040, respectively) than those with 

non-severe disease. All of the 23 patients received antiviral treatment and interferon 

atomization, 11 (47.8%) were given empirical antibiotic treatment. All 5 severe patients 

received protease inhibitor, antibiotic treatment, corticosteroids and immunoglobin. 

One (20.0%) among them received antifungal treatment, and one was given oxygen 

support. Upon the complete of the study (March 14, 2020), all the patients were 

discharged, and no patients died. 

 

2019-nCov RNA profiles  

In total, 260 pharyngeal swab specimens were obtained from 23 patients (mean 11.3 

pharyngeal swab specimens per patient). Specimens with undetectable viral load were 

assigned a Ct value of 40 cycle. No significant correlation was noted between age and 

baseline/peak Ct value (P = 0.637, 0.056, respectively, Fig. 1A, 1B). No association 

was seen between baseline Ct value and severity of illness (P = 0.897 for asymptomatic 

vs. symptomatic; P = 0.768 for asymptomatic vs. severe; Fig. 1C, 1E). Nevertheless, a 



significant positive association between peak viral load and disease severity was noted. 

Patients of symptomatic group and severe group maintained a higher peak viral load 

(showed as a lower Ct value) when compared with asymptomatic patients (P = 0.017 

for asymptomatic vs. symptomatic; P = 0.022 for asymptomatic vs. severe; Fig. 1D, 

1F). 

All the patients (100.0%) had cleared 2019-nCov after a median 16.0 days (IQR 

13.0-25.0 days) of follow-up. For each clinical group (age<60, age ≥ 60; severe, 

common, asymptomatic group and symptomatic group), long-term Ct value profile was 

fitted respectively and graphically summarized in Fig. 2. Linear mixed effects models 

were used to compare the between-group variance. As shown in Fig. 2, viral load (Ct 

value) of all the subgroups declined along with time (P for time < 0.001). The viral load 

of patients aged ≥ 60 declined slower than that in patients aged < 60 (P = 0.047, Fig. 

2A). Compared with the asymptomatic group, the common and severe group had a 

higher level of viral load (3.08 points, 95% CI, 0.51-5.65, P = 0.019; 6.07 points, 95% 

CI, 2.79-9.35, P < 0.001; Fig. 2C). The combined symptomatic group also maintained 

a higher level of viral load (3.82 points, 95% CI, 1.32-6.33, P = 0.003; Fig. 2B) when 

compared with the asymptomatic group. However, the interaction terms between 

disease severity and time did not show significant effects on viral load patterns (Ct 

value). 

 

Co-infection of human picobirnavirus (HPBV) 

Overall, 18 of 23 samples sequenced successfully (78.3%), which includes 5 

asymptomatic-type, 8 common-type and 5 severe-type patients. After RNA virome 

mapping, three RNA virome among all of the samples was identified (Fig. 3), including 

2019-nCov, Human endogenous retrovirus H (HERV) and Human picobirnavirus 

(HPBV). 2019-nCov was detected among all of the patients. Of note, HPBV was 

detected in samples of one severe-type and two common-type patients, while was not 

detected in any asymptomatic case.  

 



Discussion 

This study summarized the viral load and mixed infection of 23 hospitalized 2019-

nCov-infected patients in Jiangsu. 2019-nCov-infected patients were divided into 

severe group, common group and asymptomatic group according to the criteria set in 

the guidelines on the Diagnosis and Treatment of COVID-19 issued by the National 

Health Commission of China. 

In our cohort, a high viral load on presentation of COVID-19 was observed even 

for asymptomatic carriers. The baseline viral load detected in the asymptomatic patient 

was similar to that in the symptomatic patients, which suggests that 2019-nCov can be 

transmitted easily, even for asymptomatic carriers. This finding could account for the 

efficient transmission from asymptomatic carriers and person-to-person transmission 

noted in community and health-care settings[12, 17]. But, we observed that disease 

severity was associated with a higher peak viral load, which means that the viral load 

may be an independent factor for COVID-19 outcome. This finding suggests that viral 

load should be monitored and analyzed, so that it can be considered in the interpretation 

of outcome data. 

We further prospectively characterized SARS-CoV-2 viral dynamics in the patient 

cohort. Our data provided important findings for this newly discovered virus infected 

in human. First, 2019-nCov in pharyngeal swab shedding within one month, the 

shedding period was consistent with former studies[18]. Second, 2019-nCov in patients 

with older age shed slower than that in younger age, which took account for the 

association between old age and worse prognosis in COVID-19. As interpreted in a 

previous SARS-CoV study[19], older age, as expected for immunosenescence, was an 

independent factor associated with higher viral load. Third, viral load levels in 

pharyngeal swab were correlated with clinical severity. The symptomatic patients 

maintained a higher level of viral load when compared with asymptomatic patients. 

Previous SARS researchers found that high plasma concentrations of SARS were 

related to the short-term adverse outcome of ICU admission and the ultimate outcome 

in terms of death[20, 21]. The findings also suggest a weaker transmission capacity of 

asymptomatic cases due to the lower viral load. 



A previous study has detected the co-infection of 2019-nCov and influenza A virus 

one case in Wuhan[22]. Our study documented the co-infection of the 2019-nCov with 

HPBV among symptomatic patients. HPBV are small, non-enveloped viruses with a 

bipartite genome of double-stranded RNA. Studies in immunocompromised persons 

suggest that picobirnaviruses may be opportunistic enteric pathogens[23, 24]. A 

Previous study has determined the new picobirnaviruses in the respiratory tracts of 

patients with respiratory disease of unknown origin[25]. These observation expand our 

knowledge that picobirnaviruses may opportunistically replicate in the respiratory 

tracts of patients with 2019-nCov. However, further robust epidemiological evidence, 

histopathological and electron microscope observation is urgently needed, to better 

understand the existence of HPBV co-infection, and their interaction bearing on the 

disease severity.  

Nevertheless, there are some limitations for our study. First, only cycle threshold 

values, not exact viral loads were collected in our study. Second, large-scale, multi-

center cohorts from other regions are needed to verify our preliminary findings. In 

conclusion, COVID-19 is an emerging infection with many unknowns. This study has 

shed light on viral kinetics and mixed infection in COVID-19 patients and provided 

scientific evidence for guiding infection control policies and therapeutics. Further 

virological and functional studies are needed to reveal the underlying mechanism of 

severe COVID-19. 

 

Conclusions 

In short, our data suggested that higher viral load was positively associated with 

COVID-19 severity. This finding highlights the importance of monitoring the viral 

kinetics to identify patients at greater risk of progressing to severe pneumonia. 
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Figure Legends 

 

Figure 1. Association between baseline/peak Ct value and clinical characteristics. 

Correlation between age and initial viral load (A). Correlation between age and peak 

viral load (B). Comparison of initial (C) and peak (D) viral load between 

asymptomatic and symptomatic cases. Comparison of initial (E) and peak (F) viral 

load among asymptomatic, common and severe cases. 

 



Figure 2. 2019-nCov RNA shedding among different clinical groups. Linear mixed 

models were used to compare the between-group variance, baseline Age (A), 

Asymptomatic and symptomatic group (B), the common, severe and asymptomatic 

group (C). 

Figure 3. The proportion of three RNA virus through RNA virome sequencing.  

 

 

 


