Longer communicable period of COVID-19 infection in children: a retrospective study
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Abstract
Objectives: The clinical characteristics and outcomes of COVID-19 pneumonia in children are different with adults. We evaluated the clinic characteristics and communicable period of COVID-19 pneumonia in pediatric patients of Changsha, capital of Hunan province.
Methods: This is a retrospective study. We enrolled all 12 COVID-19 pneumonia pediatric patients and 134 adult patients in the Public Healthy Medical Center of Changsha from 29th Jan. to 20th Feb. Final date of follow-up was 10th Mar. We analyzed the characteristics and communicable period communicable period of pediatric patients, compared the differences between the pediatric and adult patients.
Results: Of the pediatric patients enrolled, the median age was 8.5 years old. Four (33.3%) children were asymptomatic, but one had image changes. Fever 5(41.67%) and cough 4(33.33%) were the most common symptoms at onset of illness. Leukopenia, ALT/AST, LDH, CRP and PCT elevation were significantly less than adults. Only six children (50%) showed chest CT images changes. All patients were given antiviral drugs and supportive treatment. The estimated median communicable period was 15(8–17.75) days, which was significantly longer than adult patients 10 (8-12) days (P=0.044). However, the clinic cause of adult patients was much severe than pediatric patients, including Leukopenia, CRP elevation, typical radiological changes, clinic classification, and supporting therapy. 
Conclusion: In summary, majority of pediatric patients have a mild clinic cause and longer communicable period than adult, so they may need a longer quarantine period likely to be a supper source of infection.
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Introduction
Since December, 2019, COVID-19 pneumonia was first reported in Wuhan, Hubei Province, China, which is a highly infectious disease, and has been outbroken globally as a global public health emergency 
 ADDIN EN.CITE 
(1, 2)
. 
Children were thought to be less susceptible, for the first confirmed pediatric case of severe acute respiratory syndrome-related coronavirus-2 (SARS-CoV-2) infection was reported in Shenzhen on January 20
(3)
, that people of all ages are generally susceptible to the virus. In contrast with its adult counterpart, the clinical course of affected children is appear to have a milder clinical course
 ADDIN EN.CITE 
(4)
, similar with the children infected with Middle East respiratory syndrome-related coronavirus (MERSr-CoV) and severe acute respiratory syndrome-related coronavirus (SARS-CoV)
 ADDIN EN.CITE 
(5, 6)
. A summary of 72,314 cases by the Chinese Center for Disease Control and Prevention showed that less than 1% of the cases were in aged 9 years or younger, 1% were aged 10 to 19 years, and no deaths occurred in the group aged 9 years and younger7()
. Most of the studies on children with SARA-CoV-2 focus on the epidemiological and clinical characteristics description, there were few studies about the communicable period, especially in children. Due to most of children are mild-symptomatic or asymptomatic, the quarantine period depends on the length of communicable period, so it’s important to investigation the communicable period. 
In order to determine the communicable period and clinical characteristics of the disease in children, we investigated children and adults infected with SARS-CoV-2 and treated at the Public Healthy Medical Center of Changsha, the only hospital assigned by the government for treating infected patients in Changsha. 
Methods

Study design and patients

This is a retrospective study, we included all of the children (younger than 18 years old) (n=12) and adults (n=134) with COVID-19 infected who were admitted to the Public Healthy Medical Center of Changsha from 29th Jan. to 20th Feb. Final date of follow-up was 10th Mar. 2020. The Public Healthy Medical Center of Changsha is the only designated hospital to treat COVID-19 pneumonia patients in Changsha. Diagnosis of COVID-19 pneumonia was based on the New Coronavirus Pneumonia Prevention and Control Program (6th edition) published by the National Health Commission of RPC8()
. All patients with COVID-19 infection detected positive of SARS-CoV-2 by using of quantitative RT-PCR (qRT-PCR) on samples from Nasopharyngeal or throat swabs sample. The clinical outcomes were monitored up to March 10, 2020.
Data collection

We reviewed basic information of the diagnosed patients (including the patient's gender, age, epidemiological history, history of underlying diseases, etc.) 

clinical records (including fever, respiratory symptoms, gastrointestinal symptoms and respiratory frequency, etc.), laboratory assessments (including blood count, blood biochemistry, coagulation test, liver and renal function, electrolytes, C-reactive protein, procalcitonin, lactate dehydrogenase and creatine kinase, SARS-CoV-2 quantitative RT-PCR), chest computed tomographic (CT) scans results, treatment process (including oxygen inhalation, antiviral drugs, antibiotics, hormones, etc.) and outcome data from patients’ medical records. Due to four pediatric patients in our study are asymptomatic, we couldn’t record the initiation of symptoms, therefore, we defined the communicable period, as the interval from the first day of positive nucleic acid tests to the first day of continuous negative tests9()
, which consist with viral clearance period. The final date of follow-up was March 10, 2020. Two study investigators independently reviewed the data collection forms to verify data accuracy.

For each case, CT features include the type and distribution of lesions, the number of lesions, and the affected lung lobes. Nasopharyngeal or throat swabs specimens were collected on admission day and every other day thereafter for the SARS-CoV-2 virus test by using of quantitative RT-PCR (qRT-PCR) method. The virus clearance was defined as 2 continuous negatives of nucleic acid tests. SARS-CoV-2 virus test by using qRT-PCR kits were performed by the Chinese Center for Disease Control and Prevention (CDC) following WHO guidelines (China, 2020).
Clinical classification standard8()
: 
a)
Mild: Clinical symptoms are slight, and no pneumonia manifestations can be seen on imaging.                                                                                                                                                                                                                                                                                                                                                                                                         

b)
Moderate: With symptoms such as fever and breathing, and pneumonia manifestations can be seen on imaging.
c)
Severe: Shortness of breath, RR> 30 beats/min, or oxygen saturation <93% at rest, or arterial blood oxygen partial pressure (PaO2)/oxygen concentration (Fi02) <300mmHg, or lung radiology imaging shows that the lesions progress more than 50% within 24-48 hours.
d)
Critical: Respiratory failure and requiring mechanical ventilation, or shock, or combined organ failure and requiring ICU monitoring treatment.
Statistical analysis

For continuous variable, were summarized as medians and interquartile ranges (IQR) as appropriate. We assessed the differences by Mann-Whitney test. Categorical variable was expressed as counts (%), and differences were tested by Fisher exact tests. For the laboratory results, we also evaluate whether the values were beyond the normal range. We used SPSS (version 26.0) for all analyses, p<0.05 is considered statistically significant.
Results

Clinic features of pediatric patients
Symptoms and laboratory characteristics of pediatric patients on admission

As of March 10, 2020, 12 pediatric patients were enrolled in this study. The median age was 8.5 years old (IQR: 4.25–11.75 years), and 4 (33.3%) were male. Only one patient (8.33%) has congenital heart defects (ventricular septal defect), but the closure had been done. The most common symptoms at onset of illness were fever 5(41.67%) and cough 4(33.33%). Less common symptoms included chills/rigors, fatigue, nasal obstruction, headache, shortness of breath, chest pain, sore throat, and myalgia (Table 1). Four pediatric patients (33.3%) who had family contacts of confirmed COVID-19 pneumonia were asymptomatic while RT-PCR results were positive in their upper respiratory-swab samples, and one of them had chest CT image change. On admission, only one patient (8.33%) was observed leukopenia and none of them had lymphopenia. Alanine aminotransferase (ALT)/ aspartate aminotransferase (AST) were increased in 2(16.67%) of the patients, while LDH was elevated in one (8.33%) patient and none of them had elevated C reactive protein. Those clinical and laboratory abnormal were less common than that in adults (Table 1).
Radiological changes

Pneumonic changes on chest CT were present in six children (50%) at admission.    The primary radiologic abnormality was ground-glass, showed in five (41.67%) patients. Secondly, the stripe shadows were in one (8.33%) pediatric patient, which is atypical radiographs change in COVID-19 pneumonia. Among those patients with radiological changes, 4(33.3%) pediatric patients showed with bilateral shadowing. (Table 1) We had one patient (8.33%) who had a high fever at admission, and the first CT showed multiple small nodular shadows in the left upper lobe. The radiologic image showed worsening of original, small nodular shadows in the left upper lobe were slightly larger with development of new nodular shadow under the pleura of the right lower lobe with peripheral halo sign after 3 days.(Figure 1) The radiologic image showed improvement or stable condition in 12 patients before discharge, including 6 patients whose images were normal at admission. 
We reviewed the medical records and epidemiological history of each case and of their family members who confirmed COVID-19 infection. In 6 children with normal CT images, the close-contacted family members all showed radiologic abnormality changes, including ground glass shadows, consolidation shadows, or coexistence of both lungs, which were consistent with the typical CT manifestations of adults.
Treatment and Outcome

In our study, all pediatric patients were given antiviral drugs (e.g., lopinavir/arbidol) and supportive treatment after admission. Corticosteroid was not used unless a panel discussion by experts considered necessary (e.g., ARDS). Three (25%) of them were treated with antibiotics, and none of them were treated with corticosteroid and gamma globulin. None of the pediatric patients developed ARDS after onset of symptoms or died. To the time of submission, a total of 12 (100%) patients were cured and discharged after 16.5(IQR:13.75–21.5) days hospitalization (Table 1).
Communicable period in the upper respiratory route

All the 12 pediatric patients had at least two repeated PCR tested for SARS-COV-2 in upper respiratory tract specimens before admission. The communicable period, defined as viral clearance period, the interval from the first day of positive nucleic acid tests to the first day of continuous negative tests. The estimated median time of communicable period was 15days (IQR: 8–17.75 days) in all our children. In asymptomatic patients, SARS-COV-2 PCR turned to be negative 7 days after admission, much shorter than the symptomatic children. The estimated median communicable period of 134 adults in our center was 10 days (IQR:8-12 days), significantly shorter than pediatric patients, P = 0.044.(Table 2, Figure 2)
Comparing clinical feature between pediatric and adult patients
For exploring the causes of longer communicable period in pediatric patients, we compared the clinic feature between pediatric and adult patients at the same medical center. Compared with adult patients, pediatric patients had larger proportion of normal chest CT imagine and mild clinic type (P<0.05). What’s more, lymphopenia, CRP elevation, ground-glass shadow and bilateral shadow changes, moderate clinic type, and need oxygen supporting therapy were significantly less in pediatric patients (P<0.05) (Table 3). Sum up those data, the pediatric patients showed a milder clinic course than adult patients but had a longer communicable period. 
Discussion
In the present study, we reported clinical data from 12 children with COVID-19 infections identified by using RT-PCR in Changsha, Hunan. The main symptoms of these children were fever and cough, whereas less common symptoms were diarrhea, rigors, and nasal obstruction, similar to previously reported
 ADDIN EN.CITE 
(2, 10, 11)
. The physical examination was normal in most of our patients. Lymphopenia and leukopenia, which were significant risk factors in predicting disease severity in adult
 ADDIN EN.CITE 
(2, 11, 12)
. were uncommon in our patients, that conform with others
 ADDIN EN.CITE 
(4)
. Other inflammatory markers in children had a low incidence of abnormality in early stage of the disease. Radiologic finding, especially chest CT showed near 50% positive rate of chest CT in children and one asymptomatic child also showed radiologic changes. Its typical images are ground-glass opacity as reported previously13()
.
 All children in our study belonged to familial cluster circles, and the infection occurring after the family member. So aggregative onset is an important feature in pediatric cases, household contact is believed to be important routes of transmission, which could put children at particular risk. Up to March 10, 2020, none of the 12 pediatric cases developed severe pneumonia or died, which consistent with Dr. Tong’s report about 2143 pediatric patients, who indicated that asymptomatic, mild or moderate cases totally accounted for 94.1 % of all cases in China14()
. 
The clinic features of pediatric patients enrolled in our study were similar with other studies. What surprised us is that pediatric patients had a significantly longer communicable period which was 15days compared to adult patients in our center who were 10 days. Then we compared clinic characteristic between pediatric and adult patients. The results showed a much milder performance in laboratory examination, imaging examination, clinical classification and treatment compared with adult patients, but the communicable period is much longer due to the virus clearance is slower in children. A case report of a 7yrs child patient from Chongqing15()
, showed that the SARS-CoV-2 RT-PCR assay for throat swab sample has been positive for 20 days, which conformed with our results. There are two reports showed even longer presence of SARS-CoV-2 RNA in feces after showing negative in respiratory specimens
 ADDIN EN.CITE 
(16, 17)
. The estimated median communicable period in asymptomatic pediatric patients was 7days, which was much shorter than symptomatic patients. The communicable period in asymptomatic patients was about 9.5 days reported by Dr. Hu9()
. A study from Shanghai, most of the patients were adults, showed that the median communicable period was 11 days, meanwhile, the viral clearance delay was observed in ICU patients 
 ADDIN EN.CITE 
(18)
. But in our pediatric patients, none of them progressed to severe type, but with a long communicable period.
Why the pediatric patients need to take such long time for viral clearance, especially in symptomatic patients has not been studied yet. The viral clearance is a complex, multi-factor relatively course. For SARS-CoV-2 is homogeneous with SARS-CoV, we reviewed the mechanism studies on SARS-CoV clearance. The humoral response produces neutralizing antibodies which block SARS-CoV entry. Meanwhile, T cells also play an important role in SARS-CoV clearance, the body requires viral specific CD4+ T helper cells for the development of these specific antibodies
 ADDIN EN.CITE 
(19)
. Zhao et al. indicated that virus-specific T cells were necessary and sufficient for virus clearance and protection from clinical disease in mouse-adapted SARS-CoV infected mice20()
. CD4+ T cells in a senescent mouse model were found crucially in viral clearance either. 
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(21)
 Dr. Chen and his colleagues indicated that the lower the absolute value of CD4+ T lymphocytes before treatment, the longer duration of SARS-CoV-2 clearance
 ADDIN EN.CITE 
(18)
. Hence, an effective immune response to eliminate viral pathogens is essential, however, lots of the clinical damage and sequelae to respiratory cells are result of the host immune response to virus and virus-infected cells. The antiviral immune response represents a balancing act between the elimination of virus and immune-mediated pulmonary injury
 ADDIN EN.CITE 
(22)
. To sum up, the long viral clearance period in pediatric patients may related to the inadequate development of children's immune system to effectively response and clear to the virus. In adult patients, the duration of viral RNA detection in the corticosteroid treatment group was longer than that in the non-corticosteroid treatment group23()
, that indirectly proved that the duration of virus detection may related to the host cell immunity status. 
In addition, the viral virulence also related to viral clearance. The first generation patients who discharged or died between Dec 29, 2019 (when the first patient admitted) and Jan 31, 2020 in Wuhan, the median viral clearance period was 20.0 days in survivors
 ADDIN EN.CITE 
(24)
, that much longer than other studies and which had a significant high mortality of >40%.
What’s more, pediatric patients showed a mild disease course, and seldom progressed to acute respiratory distress syndrome, asymptomatic infections were not uncommon either, but the mechanism is still puzzling. This might relate to both exposure and host factors. Children were usually well cared for at home for the winter break, who might have relatively less opportunities to expose themselves to pathogens and/or sick patients. So children are mostly families cluster and belong to the second generation or third-generation infection, SARS-CoV-2 weakening the virus's virulence and the infectivity gradually
 ADDIN EN.CITE 
(25)
. 
For the host factors, one possible reason may be related to their prior exposure to other respiratory viruses, making their immune systems more resilient, that status is defined as trained immunity. Trained immunity, after recovery from infection or the use of certain vaccines such as Bacille Calmette-Gue´rin (BCG) , the functional status of innate immune responses does not return to the steady‐state level, but remains enhanced because of functional reprogramming of innate immune cells
 ADDIN EN.CITE 
(26, 27)
. 
It has been discovered that angiotensin converting enzyme II (ACE2) as cell receptor for SARS-CoV. The gene sequences of 2019-nCoV are share 79.6% identity to SARS-CoV. Recent evidence indicates that ACE2 is also the cell receptor of 2019-nCoV and with higher affinity than SARS-CoV
 ADDIN EN.CITE 
(28, 29)
. So it could be speculated that children mild disease and seldom progressed to server because the maturity and function of ACE2 in children may be lower than that in adults30()
. In addition, children’s immune system is still developing, and may respond to pathogens in differently way to adults. Young children were not able to mount a “heightened” mature immune response as seen in adult patients during the immune dysregulation phase and thus less organ damage ensued with its associated morbidity and mortality. 

Our study showed a mild disease course and long communicable period in pediatric patients, that may make children and infants play a pivotal role in community-based transmission of SARS-CoV-2. Thus, we need to pay more attention to protect and screen in pediatric population, what’s more, the quarantine period of children should be longer and more than 14days.
Limitations of the study
There are some limitations in this study. Firstly, this is a single-center and small sample size retrospective study. We just screened the children who had family contact history and accepted medical treatment, some asymptomatic and mild-symptomatic children may be missed. Secondly, we did not test SARS-CoV-2 daily and analysis of viral RNA on rectal swabs for every patient
 ADDIN EN.CITE 
(17)
, for persistent fecal viral shedding potentially longer than nasopharyngeal or throat swabs. Hence, the actual duration of viral clearance may be shorter. Moreover, we did not quantify the viral load of the SARS-CoV-2, that couldn’t evaluate the relationship between the viral load and viral clearance duration. What’s more, false negative of the PCR result for upper respiratory sample has also been reported. Last, large-scale multicenter studies are needed to verify our findings and mechanism studies need to be done further.
Conclusion

In summary, majority of pediatric patients are mild-symptomatic, and asymptomatic are not uncommon. The communicable period in children are longer than adult, so it is more likely to be a supper source of infection. In view of the fact that Covid-19 has become a global epidemic, special efforts are needed to protect children because they are more vulnerable and communicable period longer. Meanwhile, we ‘d better prolong the quarantine period of children.
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