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Introduction: An outbreak of novel coronavirus disease (COVID-19) had posed an
unprecedented emergency to public health. Documented information on clinical features
in infected households comprising pediatric and adult patients was scarce.

Methods: We retrospectively retrieved clinical data of family clusters with confirmed
COVID-19 in Shenzhen city, China. Clinical features and treatment outcome were
compared between these children and adults.

Results: Of 433 laboratory-confirmed COVID-19 cases in Shenzhen from January
15 to March 20, 2020, 29 family clusters of 29 children (median age 7.17 years) and 54
adults (median age 40 years) were identified. 84% of patients had Hubei exposure two
weeks before the onset of symptoms. On presentation, common symptoms were fever
(35%), dry cough (34%) and fatigue (24%) for children and fever (59%), dry cough
(30%), fatigue (30%) and dyspnea (20%) for adults. Lymphocytopenia was not observed
in children but 35% adults. Radiographic findings revealed viral pneumonia in 45%
children and 78% adults. No children and 30% adults needed oxygen therapy. Two adults
required invasive mechanical ventilation, of them one died. The median time from illness
onset to absence of symptoms and viral replication duration was 6.5 days vs 13 days, and
12 days vs 14 days in children and adults, respectively.

Interpretation: In comparison to adults, children had milder clinical manifestations,
less immune-related organ injury and shorter viral replication cycle. The age-specific
immune difference seems to favor children more in developing less severe clinical
conditions and clearing the virus faster.

Keywords: COVID-19; Pediatrics; Clinical Features; Family Clusters; SARS-CoV-2; Family
Infection

Introduction

An outbreak of a novel coronavirus disease (COVID-19,
previously known as 2019-nCoV) was reported in Wuhan, Hubei
Province of China in December 2019 and later evolved into a

pandemic and threatened the lives of many across the globe.
COVID-19 is caused by the severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2) which belongs to the Coronaviridae

Copyright@ Guofang Deng | Biomed ] Sci & Tech Res | BJSTR. MS.ID.004977.

23538


https://biomedres.us/
http://dx.doi.org/10.26717/BJSTR.2020.30.004977

Volume 30- Issue 4

DOI: 10.26717/BJSTR.2020.30.004977

family [1]. Most coronavirus infections in children used to be mild
and were able to be resolved quickly, even in cases of severe illness
caused by Middle East respiratory syndrome coronavirus (MERS-
CoV) and severe acute respiratory syndrome coronavirus (SARS-
CoV). Most reported fatal cases in children with MERS and SARS
were caused by underlying comorbidities [2-4]. Numerous studies
of COVID-19 infection among infants and children have been
reported since the outbreak [5-8], but no studies have compared
the clinical and virological course and treatment outcomes among
pediatric and adult patients in infected household settings. In
this study, we retrospectively analyzed the clinical course and
treatment outcome of all laboratory-confirmed COVID-19 family
clusters from Jan 15, 2019 to Mar 20, 2020 in Shenzhen City, China.
We aim to describe the clinical difference between children and
their simultaneously SARS-CoV-2-infected adult family members.
We hope our study findings can provide some insights in clinical
management of infected pediatric and adult patients, and disease
containment measure for COVID-19.

Methods

Study Design and Participants

Shenzhen is a city of 12.5 million registered population in 2017
and is located at Southern China [9]. From January 15 to March
20, 2020, 433 patients with laboratory-confirmed COVID-19 were
admitted to The Third People’s Hospital of Shenzhen, the only
designated hospital for COVID-19 treatment in the city. Among
these patients, 83 (29 children <14 years and 54 adults) were family
infections, accounting for 19% of the total confirmed infection in
the city. Each child was residing with at least one infected adult
parent. Some of these households had three generations living
under the same roof and being infected together. This retrospective
cohort study enrolled these 29 families. The study was approved
by the Research Ethics Commission of The Third People’s Hospital
of Shenzhen (No0.2020-120) and the requirement for informed
consent was waived by the Ethics Commission as part of a public
health outbreak investigation.

Data Collection

These patient’s epidemiology linkage to Hubei province,
sociodemographic characteristics, medical history, clinical features,
comorbidities, complications, hospital duration and treatment
outcomes were retrospectively collected using a standardized data
collection form. All data were checked by two physicians (PZ and
Z7) and a third researcher (JW). Exposure to Hubei province, the
place where the COVID-19 epidemic started was defined as residing
in or visiting Hubei or have close contact with visitors from Hubei
within two weeks before the onset of infection symptoms. Clinical
features were reported in the form of symptoms at admission,
clinical type classification, diagnosis, chest imaging and laboratory
findings. Treatment outcomes were recorded as cured and death.

Laboratory Procedures

Nasopharyngeal swabs were collected for diagnosis at
admission. Reverse transcriptionpolymerase chain reaction (RT-
PCR) testing was performed according to the recommended
protocol to detect SARS-CoV-2. Diagnosis of infection was confirmed
when positive test results were attained from both hospital
laboratory and local branches of the Centers for Disease Control
and Prevention.Blood examinations and chest radiographs were
routine procedures and were completed at admission. Tests were
arranged for all patients on blood cell count, serum biomarkers
(including renal and liver function and electrolytes), D-Dimer,
C-reactive protein and procalcitonin. Frequency of re-examinations
was determined by the treating physician. Throat-swab specimens
were obtained for SARS-CoV-2 RT-PCR re-examination every other
day after symptoms remission. The criteria for hospital discharge
were absence of fever and respiratory symptoms for at least three
days, substantial improvement in both lungs in X-ray or chest CT,
and two throat-swab samples and one anus-swab sample negative
for SARS-CoV-2 RNA obtained at least 24 h apart.

Definitions

Children are defined as below 18 years of age. Fever is defined
as axillary temperature of equal to or above 37¢3°C. On admission,
all patients were assessed and classified into one of these four
clinical types according to the Chinese management guideline for
COVID-19 (version 6.0) [10]. Critical type is used to classify patients
who need intubation and mechanical ventilation, with sepsis or
septic shock; severe type is used to classify patients whose arterial
oxygen tension (Pa0,) over inspiratory oxygen fraction (Fi0,) is
less than 300mm Hg (Pa0,/Fi0,<300mm Hg) and need oxygen
therapy and invasive ventilation; moderate type refers to patients
with flu symptom with lung infiltration but Pa0,/Fi0,>300; mild
type refers to patients with flu symptom without lung infiltration.
Lymphocytopenia is defined as lymphocyte count of less than
1.1*¥10°/L.

Statistical Analysis

Continuous variables are expressed as mean (+ SD) and median
(interquartile range [IQR]) values, and they are then tested using
an unpaired t test and the Wilcoxon rank sum test, respectively.
Categoric data are expressed as number and percentages and are
compared by x?* test or Fisher’s exact test between children and
adults. A two-tailed a<0.05 is considered to denote statistical
significance. Statistical software (SPSS, version 22.0, SPSS) is used
for all analyses.

Results

Difference in Clinical Features Between Children and
Adults

Median age was 7.17 years (IQR 1.58-13.0) for the 29 children
and 40.0 years (IQR 34.0-57.0) for the 54 adults in this cohort.
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Female accounted for 59% of pediatric patients and 54% adult
patients, showing no distinctive gender difference. 24 (83%)
children and 46 (85%) adults had exposure to the epicenter,
Hubei province two weeks before illness onset, reflecting a rather
straightforward transmission route. On admission, 19 (65%)
children had no fever; over half (59%) of adults had fever and
among them six (11%) recorded an auxiliary temperature of
over 39°C. Common symptoms presented by children were fever
(35%), dry cough (34%) and fatigue (24%); and that of adults were

fever (59%), dry cough (30%), fatigue (30%) and dyspnea (20%).
In terms of comorbidities, one (3%) child had asthma and one
(3%) had chronic pharyngitis, seven (13%) adults suffered from
diabetes and five (9%) from hypertension. In terms of clinical type
classification, all children were in the mild and moderate categories.
69% adults were classified as moderate, 19% severe, 2% critical.
Significant difference was shown between children and adults in
clinical type categorization (P=0.004) (Table 1).

Table 1: Demographics and baseline characteristics of the 29 family clusters infected with novel coronavirus disease 2019 (COVID-19).

All patients (n=83) <18 (n=29) 218 (n=54) P Value
Age, median (interquartile), y: 34(10.58-45) 7.17(4.75-10.8) 40(34-57) <.001
Sex: 0.667
Female 46 (55%) 17 (59%) 29 (54%)
Male 37 (45%) 12 (41%) 25 (46%)
Hubei exposure within 2 weeks: 70 (84%) 24 (83%) 46 (85%) 0.772
Signs and symptoms
0.085
Auxiliary temperature (°C)):<37.3
41 (49%) 19 (65%) 22 (41%)
Fever (Highest temperature (°C)):
37.3-38.0 24 (29%) 6 (21%) 18 (33%)
38.1-39.0 12 (14%) 4 (14%) 8 (15%)
>39.0 6 (7%) 0 6 (11%)
Dry cough 26 (31%) 10 (34%) 16 (30%) 0.65
Fatigue 23 (28%) 7 (24%) 16 (30%) 0.594
Nasal Congestion 13 (16%) 3(10%) 10 (19%) 0.509
Runny nose 13 (16%) 5(17%) 8 (15%) 0.772
Pharyngalgia 11 (13%) 3 (10%) 8 (15%) 0.816
Myalgia 13 (16%) 3 (10%) 10 (19%) 0.509
Diarrhea 2 (2%) 0 2 (4%) 0.54
Anorexia 9 (11%) 5(17%) 4 (7%) 0.316
Nausea 12 (14%) 4 (14%) 8 (15%) 1
Vomiting 4 (5%) 2 (7%) 2 (4%) 0.912
Expectoration 12 (14%) 3(10%) 9 (17%) 0.65
Dizziness 8 (10%) 2 (7%) 6 (11%) 0.818
Headache 6 (7%) 1 (3%) 5 (9%) 0.596
Dyspnea 11 (13%) 0 11 (20%) 0.007
Clinical Classification 0.004
Mild type 16 (19%) 10 (34%) 6 (11%)
Moderate type 56 (68%) 19 (66%) 37 (69%)
Severe type 10 (12%) 0 10 (19%)
Critical type 1 (1%) 0 1(2%)
Comorbidities 16 (19%) 2 (6%) 14 (26%) 0.036
Asthma 1 (1%) 1 (3%) 0
Hypertension 5 (6%) 0 5(9%)
Diabetes 7 (8%) 0 7 (13%)
NASH* 2 (2%) 0 2 (4%)
HBV carrier 2 (2%) 0 2 (4%)
Atherosclerosis 2 (2%) 0 2 (4%)
Others# 8 (10%) 1(3%) 3(6%)
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*NASH: nonalcoholic steatohepatitis; #Others: 1 child with
chronic pharynitis,1 adult had history of heart surgery,1 adult
had schizophrenia.l adult had hypothyroidism.

Difference in Laboratory and Radiographic Findings
Between Children and Adults

Blood routine test results for white blood cell count were normal
in all COVID-19 children. Lymphocytopenia was not observed in
children (0%) but in 19 (35%) adults. Blood biochemistry test
result abnormality for liver function (including albumin and
aminotransferase) was unremarkable among all children and adults
with COVID-19. No procalcitonin elevation of more than 0.5ng/ml

was observed in children. Elevated C-reactive protein (CRP) and
D-Dimer was seen in 28 (52%) and 18 (33%) adults, respectively.
Serum creatinine was lower than 41pmol/L in 20 (69%) children
and in the range of 41-81umol/L in 47 (87%) adults. X-ray or
chest CT showed no abnormality in 7 (24%) children and 6 (11%)
adults and bilateral lung infiltration and ground-glass opacities
in 13 (45%) children and 42 (78%) adults respectively (Figurel).
Significant difference was observed in serum creatinine level and
radiographic findings between children and adults (P=0.001)
(Table 2).

Table 2: Laboratory and Chest imaging Findings of Patients Infected with COVID-19 on Hospital Admission.

All patients (n=83) ‘ Median (IQR)<18 (n=29) | Median (IQR) 218 (n=54) P Value
Blood routine
Leucocytes (x10%/L) 479 (3.93,6.27) 5.08 (4.40,7.24) 4.62 (3.39,5.79) 0.028
<35 24 (29%) 13 (45%) 11 (20%)
3.5-9.5 57 (69%) 15 (52%) 42 (78%)
>9.5 2 (2%) 1(3%) 1(2%)
Neutrophils 53.80 (43.40,59.85) 40.9 (30,48.8) 56.00 (52.75,65.65) <0.001
<40 15 (18%) 13 (45%) 2 (4%)
40-75 66 (80%) 16 (55%) 50 (92%)
>75 2 (2%) 0 2 (4%)
Lymphocytes 1.70 (1.17,2.37) 2.52 (2.00,3.28) 1.27 (0.94,1.76) <0.001
<11 19 (23%) 0 19 (35%)
1.1-3.2 56 (67%) 21 (72%) 35 (65%)
>3.2 8 (10%) 8 (28%) 00
Platelets 212.00 (167.00,275.50) 245.00 (216.00,316.00) 188.00 (149.50,237.25) 0.141
<125 8 (10%) 1 (4%) 7 (13%)
125-350 67 (80%) 23 (79%) 44 (81%)
>350 8 (10%) 5 (17%) 3 (6%)
Blood biochemistry
Albumin (g/L) 44.00 (42.15,46.85) 45.30 (42.70,47.00) 43.75 (42.00,45.88) 0.251
<40 8 (10%) 1(3%) 7 (13%)
40-55 75 (90%) 28 (97%) 47 (87%)
>55 0 0 0
Alanine a’?g}it)ra““erase 19.00 (12.50,29.50) 16.00 (11.00,25.00) 20.50 (14.00,30.00) >0.99
0-45 79 (95%) 28 (97%) 51 (94%)
>45 4 (5%) 1(3%) 3 (6%)
Aspartate ag}i/“L(;tra“Sferase 26.00 (21.00,35.50) 33.00 (24.00,41.00) 25.00 (19.00,32.50) 0.232
0-45 76 (92%) 25 (86%) 51 (94%)
>45 7 (8%) 4 (14%) 3 (6%)
Urea (mmol/L) 3.73 (3.15,4.8) 3.83 (3.14,4.78) 3.71(3.16,4.8) 0.863
<31 19 (23%) 6 (21%) 13 (24%)
3.1-8.8 63 (76%) 23 (79%) 40 (74%)
>8.8 1(1%) 0 1(2%)
Serum creatinine (umol/L) 53(13.3,1.08) 33.5(13.3,83) 63 (42,108) <0.001
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<41 20 (24%) 20 (69%) 0
41-81 54 (65%) 7 (24%) 47 (87%)
>81 9 (11%) 2 (7%) 7 (13%)
Infection-related
biomarkers
Procalcitonin (ng/mL) 0.03 (0.02,0.06) 0.03 (0.02,0.06) 0.03 (0.02,0.06) 0.571
<0.1 77 (93%) 26 (90%) 51 (94%)
0.1-0.25 5 (6%) 2 (7%) 3 (6%)
0.25-0.5 1(1%) 1 (3%) 0
>0.5 0 0 0
D-Dimer (ng/mL) 0.31 (0.25,0.55) 0.27 (0.25,0.37) 0.37 (0.25,0.63) 0.096
0-0.5 61 (73%) 25 (86%) 36 (67%)
>0.5 22 (27%) 4 (14%) 18 (33%)
C-reactive protein (mg/L) 5.00 (1.62,16.45) 2.15(0.35,5.00) 9.64 (3.85,24.4.00) 0.005
0-8 50 (60%) 24 (83%) 26 (48%)
>8 33 (40%) 5(17%) 28 (52%)
Chest imaging 0.001
No pneumonia 13 (16%) 7 (24%) 6 (11%)
Unilateral pneumonia 13 (16%) 9 (31%) 4 (7%)
Bilateral pneumonia 55 (66%) 13 (45%) 42 (78%)
Pulmonary consolidation 2 (2%) 0 2 (4%)

32X 2)

PE————

D E

F

Figure 1: Chest radiographic presentation of a three-generation family in this study.

A. Chest X-ray of the 2-year-old grandson - no infiltration in both lungs; B. Chest CT of the 12-year-old granddaughter - no
infiltration in both lungs; C. Chest CT of the 35-year-old mother: mild opacity in right upper lung; D. Chest CT of the 41-year-
old father: mild ground-glass opacities in left lung; E. Chest CT of the 61-year-old grandmother - mild ground-glass opacities
in both lower lung; F. Chest CT of the 69-year-old grandfather - patchy ground-glass opacities in the right upper lung.

Difference in Treatment and Clinical Outcome Between
Children and Adults

No administration of antibiotics, steroid or gamma globulin was
needed for children. Two (4%) adults were on antibiotics and ten
(19%) had been given immunoglobulin and methylprednisolone.
No children required oxygen therapy, but 16 (30%) adults did.

Two (4%) adults needed intubation and mechanical ventilation,
among them one died. Clinical symptoms lasted longer in adults
than children. The median time from illness onset to absence of
symptom was six and a half days (IQR 12.0-19.0) in children and 13
days (IQR 12.0-19.0) in adults. No therapy-associated complication
was observed in children. Ten (19%) adults had complication
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(three with ARDS, four with secondary bacterial infection and three
with drug-induced hepatitis) during treatment. The average length
of viral replication lasted for 12 days (IQR 5-21) in children and 14
days (IQR 3-35) in adults. The median time from hospital admission

to discharge was 17 days (IQR 7-31) for children and 21 days (IQR
3-48) for adults. Despite one fatality, all patients were discharged
when this manuscript was being prepared (Table 3).

Table 3: Treatment and outcome of patients with COVID-19 in Shenzhen, China.

Age groups (years):
All (n=83) <18 (n=29) 218 (n=54) P Value
Treatment and outcome
Treatment
Oxygen therapy 16 (30%) 0 16 (30%) 0.001
Mechanical intervention 2 (2%) 0 2 (4%) 0.54
Antibiotics therapy 2 (2%) 0 2 (4%) 0.54
Corticosteroid and gamma globulin 10 (12%) 0 10 (19%) 0.013
Complications 10 (12%) 0 10 (19%) 0.0126
ARDS 3 (4%) 0 3 (6%)
Secondary bacterial pneumonia 4 (5%) 0 4 (7%)
Drug-induced hepatitis 3 (4%) 0 3 (6%)
Acute kidney injury 1 (1%) 0 1 (2%)
Septic shock 1(1%) 0 1(2%)
Venous thrombus 1(1%) 0 1(2%)
Duration of virus replication 13(3-35) 12(5-2) 14 (3-35) 0.0357
Time from illness onset to absence of 11(1-72) 6.5(1-33) 13(2-72) 0.0014
symptom
Time from };’sz}il?rlgidmim“ o 21 (3-51) 17 (7-31) 23 (3-51) 0.016
Treatment outcome 1
Cured 82(98%) 29(100%) 53(98%)
Death 1(1 %) 0(0.0%) 1(2%)

Discussion

Six species of human coronavirus (HCoV) have been reported
to cause infection in human: 0C43, 229E, SARS, NL63, HKU1,
and MERS [11]. Same as severe acute respiratory syndrome
coronavirus (SARS-CoV) and Middle East respiratory syndrome
coronavirus (MERS-CoV), definite person-to-person transmission
of the novel coronavirus 2019 in hospital and family settings had
been confirmed [7,12,13]. Transmission was most likely airborne
via aerosol and respiratory droplets through close contact with
infected individuals or exposure to the epidemic area. The clinical
spectrum of COVID-19 varied from asymptomatic infection to viral
pneumonia with acute respiratory distress syndrome (ARDS).
Previous studies suggested that SARS-CoV-2 was less likely to infect
children [14-16]. There were only a small number of confirmed
cases in children compared to adults, even in the epicenter at the
time of disease outbreak [5,6]. Most documented literature showed
that a substantial proportion of children with COVID-19 were either
asymptomatic or only manifested mild fever and prominent upper
respiratory tract symptoms with a much lower mortality rate than
adults [17]. Progression to respiratory or organ failure and death

cases were rare but had been reported in China as early as February

and other places of the world afterwards [18].

In our study, all pediatric patients acquainted COVID-19
through family infection. Contact tracing showed a rather straight-
forward infection source with 83% children and 84% of the
enrolled patients in this study reported Hubei-related exposure
2 weeks before the onset of symptoms. But in contrast to adults,
clinical symptoms of pediatrics were mild, even among those with
underlying comorbidities (chronic pharyngitis and asthma). Viral
pneumonia indicated by mild ground-glass opacities in bilateral
lungs were observed in 45% (13) children. None of them progressed
to ARDS or other complications. This was like other HCoV infection
in children [2,3,19]. The lack of prominent clinical symptoms on
disease onset in pediatric patients suggests that they could be
a threat in the transmission chain which is a crucial concern in

disease management regimen designs.

Older age has been reported a risk factor for mortality in
patients with SARS, MERS and COVID-19 in several studies [20,21].
Pathological finding from biopsy of COVID-19 patients showed
massive alveolar damage with ARDS [22]. Excessive and aberrant
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non-effective immune response induced by cytokine storm might
lead to severe organ injury in adults with COVID-19. In a household
infection of 3 generations in this study, chest imaging exhibited
bilateral ground-glass opacities in the oldest generation, with the
oldest male patient progressed to ARDS, but the two adults in the
mid generation only exhibited minor viral pneumonia symptoms,
and the youngest generation showed no abnormality in their
radiographic presentation (Figurel). The age-distinct immune
difference may have explained the divergence in inflammatory
responses in control of viral replication of SARS-CoV-2 between
children and adults.

Immune over reaction and T cell exhaustion were demonstrated
in patients with sepsis and other life-threatening infections [23].
Lymphopenia is an important sign of T cell exhaustion [24].
Progressive lymphopenia had been reported a risk factor for
Intensive Care Unit admission and mortality of adult patients
with COVID-19[13,21]. Progressive drop in lymphocyte count was
obvious in patients with severe and critical clinical types. In the
case of the deceased patient in this study, progressive lymphopenia
had been recorded since the patient was hospitalized. The patient’s
clinical conditions deteriorated rapidly with an acute progression
to ARDS. Even with invasive mechanical ventilation the patient
still failed treatment and died. Our study showed that lymphocyte
count between children and adult differed significantly, despite
the physiological difference. None of the children but 35% adults
exhibited lymphopenia. This might attribute to the prolonged
illness and viral shedding in adults. In addition, some inflammation-
related biomarker such as CRP and D-Dimer elevated in adults but
not in children during the treatment process. D-dimer greater than
1pg/ml at early stage of illness onset had been identified with poor
prognosis in adults [21]. The level and duration of viral replication
on the upper respiratory tract are vital factors in assessing the risk
of transmission. A study reported that detectable SARS-CoV-2 RNA
persisted for a median duration of 20 days in adults infected with
COVID-19 and sustained until death of the host cell in non-survivors
[21]. In the current study, the length of viral replication also lasted
longer in adults than children (14 days vs 12 days). Though certain
medications demonstrated effective treatment outcome [25-27], no
specific antiviral medications have been proven to be effective in
clinical trials for this novel coronavirus infection as of to date.

Our study has some limitations. First, no complete genotype
was available for every family. The transmission model of the virus
in the families was not clear, whether children or adults were the
source of transmission was difficult to determine. Second, this is a
modest-sized case series of children and their family admitted to a
single center. As all children had mild symptoms, it is difficult to take
blood test frequently to assess their immune reaction at different
time points. Third, how antibody titers changed during the clinical
course in all these patients was not available. More effort should be
made to address these areas in future studies.Observing from our
study, children are equally susceptible to contracting COVID-19 as

adults, but pediatric patients had milder symptoms, less immune-
related organ injury and shorter viral replication cycle than adults
when being infected. More medical attention could be diverted to
elderly patients and patients with pre-existing medical conditions
to decrease fatality especially in places with shortage in medical
resources. In the absence of specific therapeutic drugs or vaccines
for COVID-19, we believe it is noteworthy to find out the potential
correlation between different age specific immune state for host-
directed interventions to improve treatment outcomes in adults.
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