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Abstract
Background: The ongoing pandemic of COVID‐19 has led to an unprecedented global crisis with
problems of fragmentation in healthcare services in many severely affected countries. A key issue is
distinguishing the clinical manifestations of COVID-19 from other respiratory infectious disease,
especially in children and teens.

Methods: To provide precise and comprehensive information on SARS-CoV-2 infected children, a total 62
hospitalized patients, aged from 1 to 14 years old and con�rmed with the infection of either SARS-CoV-2
or in�uenza A virus, were enrolled from September 2019 to February 2020. The epidemiological, clinical
and laboratory characteristics, as well as the outcomes of these pediatric patients were collected,
followed by comparisons and regression analysis on clinical features and hematological parameters
among the COVID-19 patients and the �u patients.

Results: We reported that SARS-CoV-2 infected children showed less fever (43.33% vs 100%, p<0.001)
with mild elevation of the body temperature (p<0.001), as well as attenuated in�ammatory responses in
comparison with patients with in�uenza A infection. We further showed the signi�cant correlations
between initial body temperature and multiple immune parameters (white blood cell counts and
in�ammatory markers) among SARS-CoV-2 infected children.

Conclusions: Children with SARS-CoV-2 infection were more likely to have mild symptoms and relatively
slow progression with a hypo-in�ammatory response. Furthermore, the correlation results suggested that
distinct immune responses were involved during SARS-CoV-2 infection.

Background
Starting from 1918, in�uenza A pandemic has occurred four times, resulting in more than 30 million
infections and 20 thousand deaths, and continued to spread in the world as a seasonal �u virus. Since
last December 2019, the SARS-CoV-2 infection, represented as much more contagious and infectious
disease, has outbreak and rapidly spanned over the world with over 70 million cases and 1.6 million
deaths by the middle of December 2020. 

Children are at high risk of in�uenza A infection, which commonly causes the respiratory tract related
complications with fever, cough, runny nose, as well as sore throat, and contributed to a prevalence of
over 20% in children every year [1]. In some cases they developed to lethal pneumonia by triggering an
extreme in�ammatory response in the body, and even leaded to life threatening sepsis [2]. Similar to
in�uenza, COVID-19 is characterized by acute pneumonia symptoms including fever, dry cough, myalgia
and dyspnea and the severity was considered associated with age and comorbidities [3].
Although predominant children and younger teen with SARS-CoV-2 infection represented mild to
moderate respiratory illness [4, 5]with less than 1% of con�rmed cases [6], there were several cases
developing into multisystem in�ammatory syndrome with high fever and cytokine storm [7]. 
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To better understand the immunological reaction to SARS-CoV-2 in children, we provide precise and
comprehensive comparisons on SARS-CoV-2 and in�uenza A virus infected children to elucidate the
relationship between thermal activation and immune responses in COVID-19 infections.

Methods
Population

In this retrospective cohort study, all subjects were collected from inpatient populations in Shenzhen
Third People’s Hospital from September 2019 to February 2020.All the cases met the following
recruitment criteria on the de�nition of SARS-CoV-2 and in�uenza infection, respectively. 

Recruitment Criteria

1. The admitted participants aged from 1 to14 years.

2. The potential participants met the de�nitions for either SARS-CoV-2 or in�uenza infections.

De�nition for in�uenza cases in our study: (1) onset of at least one of the following systemic symptoms:
fever, headache, myalgia or malaise; (2) At least one of the following three respiratory symptoms: cough
(dry cough), sore throat or dyspnea; (3) Laboratory criteria on detection of in�uenza (A and B) virus
nucleic acid in a clinical specimen. Any person meeting the (1) and (3) or (2) and (3) will be regarded as
con�rmed case of in�uenza.

De�nition for COVID-19 cases in our study. Clinical criteria: (1) Acute onset of fever or cough (dry cough);
(2) The respiratory infection with the following symptoms: cough, fever, dyspnea; (3) Radiological
evidence showing lesions compatible with COVID-19;

Epidemiological criteria: (1) Once close contact with a COVID-19 con�rmed case in the last 14 days prior
to onset of symptoms; (2) Residing or working in or travel to an area with high risk of transmission in the
last 14 days. Laboratory criteria: A positive result on detection of SARS-CoV-2 nucleic acid in a clinical
specimen. Any individual meeting the laboratory criteria with either clinical or epidemiological criteria will
be regarded as the con�rmed case.

Exclusion Criteria

(1) Under the age of 1 or Over the age of 14; (2) Prior receipt of any vaccine in the past 6 months; (3) Have
received immunoglobulins and/or any blood products within three months; (4) History of chronic
in�ammatory disease (rheumatological disease, autoimmune disease); (5) Use of antipyretic medication
(acetaminophen or ibuprofen) within 72 hours; (6) Con�rmed with SARS-CoV-2/in�uenza or in�uenza A/B
co-infections; (7) History of hypersensitivity to gentamicin or vancomycin, other aminoglycoside
antibiotics; (8) Missing data on medical records; (9) Other medical or psychiatric conditions that may
interfere with study participation;
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Data Collection

Pharyngeal swab samples were collected in a tube with 150 μL of virus preservation solution, followed by
total RNA extraction. In�uenza A And B Viruses Real Time PCR Kit (Bioperfectus Technologies Co., Ltd.,
China) was used for the detection of in�uenza A and B viruses. Coronavirus (2019-nCoV) RNA Detection
Kit (PCR Fluorescence probing) manufactured by Da An Gene Co., Ltd. and approved by China's National
Medical Products Administration, was used for SARS-CoV-2 virus testing in pharyngeal swabs.
Conditions for the ampli�cations include reverse transcription at 50°C for 15min, pre-denaturation at 95°C
for 15 min, followed by 45 cycles of 94°C for 15 s and 55°C for 45 s for �uoresce detection. The receiver
operating characteristic curve analysis was used to determine the optimal threshold cut-off value. And a
cycle threshold (Ct) value ≤40 was de�ned as a positive test. Demographic and clinical data of involved
patients was derived from electronic medical records. The samples for peripheral blood were collected on
admission day as well as during the hospitalization. The routine blood test was performed by Sysmex XT-
2000i automated hematology analyzer (Sysmex Corporation). In�ammatory biomarker assays were run
on ARCHITECT i2000 SR analyzer (Abbot Diagnostics) according to the protocols recommended by the
manufacturer. In brief, the assay is a two-step protocol. In step 1, 25 μL of sample was incubated with
antigen coated paramagnetic microparticles, followed by a wash step. The second step incorporated the
addition of acridinium-labeled conjugate to create a reaction mixture. After a further washing, trigger
solutions were added to create a chemiluminescent reaction. The light emission was then measured as a
relative light unit which was directly proportional to the amount of target in the sample.

Ethical Approval

This study was approved by Shenzhen Third People’s Hospital Ethics Committee and informed consent in
in�uenza cohort was obtained from parents or guardians. For COVID-19 patients, written informed
consent was waived by the Ethics Commission. Any data we collected and analyzed was derived from
clinical raw record without any intervention and in�uence on clinical treatment. And no additional
collection of human samples or genetic resource materials was performed in our study.

Study Procedures

Shown as in Figure 1, age- and de�nition-matched COVID-19 patients and in�uenza infected patients
were recruited as two separate groups. Overall, 4 COVID-19 cases with incomplete information were
excluded from further analysis, while complete data were available for 30 COVID-19 cases and 36
in�uenza cases, respectively. Furthermore, 4 in�uenza B cases were not taken into consideration because
the sample size is too small to yield statistical signi�cances. Totally, 30 SARS-CoV-2 and 32 in�uenza A
con�rmed cases were enrolled. In particular, 5 of SARS-CoV-2 infected pediatric patients, matching the
inclusion criteria of our previous study, were included in another report [8]. The data were extracted from
the electronic medical records, including demographic characteristics (age and sex), clinical signs and
symptoms, as well as laboratory tests (routine blood test, blood chemistry and in�ammatory marker
assays). Fever was de�ned as an axillary temperature of 37.5°C or higher. All these information were
double checked by two researchers independently. 
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Statistical Analysis

Comparisons were conducted by using the Mann-Whitney non-parametric test. Mean ±standard deviation
(SD) and 95% con�dence interval were reported for normally distributed, continuous variables.
Categorical variables were reported as counts and percentages. While for data not normally distributed,
median with interquartile range (IQR) was used. Pearson correlation coe�cients were used to assess the
relation of in�ammatory parameters and body temperatures. All statistical analysis was done on SPSS
version 25.

Results
The median age of 30 SARS-CoV-2-infected children was con�rmed to be 5.29 years (IQR: 3.04-7.61),
while that of 32 children infected with in�uenza A was 7.09 years (4.08-11.05) (shown in Table 1).
Overall, 63.33% of children with SARS-CoV-2 infection were girls and the in�uenza A group showed the
opposite portion with 59.38% of boys. Comparison on onset symptoms showed that instead of 100%
exhibition of both fever and cough in children infected with in�uenza A , only 43.33% (p<0.001) and
26.67% (p<0.001) patients represented fever and cough respectively in SARS-CoV-2 cases. 

On admission day, lymphocyte count and serum lactate dehydrogenase (LDH) were elevated dramatically
beyond the normal ranges in both two groups. One the other hand, compared with extremely higher levels
of serum C-reactive protein (CRP), procalcitonin (PCT) as well as erythrocyte sedimentation rate (ESR) in
children infected with in�uenza A, those of SARS-CoV-2 cases were considered within the normal ranges.
Particularly, SARS-CoV-2-infected children had signi�cantly less severe neutrophilia with an average
count of 29.6x10^9/L (95%CI: 20.06-38.72 x 10^9/L), while that of in�uenza A patients was as higher as
58.07x10^9/L (46.04-73.08 x10^9/L). 

Once they were admitted to hospital, 100% in�uenza-A-infected patients had fever with the average body
temperature of 39.5℃ (39.3-39.7℃). While only 13 (43.3%) SARS-CoV-2-infected children exhibited with
fever on a signi�cantly lower (p<0.001) average body temperature of 38.3℃ (37.8-38.8℃). After 3 days
of hospital stay, there remained 23 in�uenza-A-patients representing with continuous fever on average of
38.8℃ (38.5-39.1℃). In contrast, only 5 SARS-CoV-2-infected children’s body temperature were hotter
than 37.5℃ (shown as Figure 2A & B). Simultaneously, with 3 days of hospital care, the in�uenza-A-
infected children showed signi�cantly decreased WBC, neutrophil and lymphocyte counts (shown as
Figure 2C-E). On the contrary, a rare change occurred in SARS-CoV-2 cases. Remarkably, both patients
showed obviously elevated platelet levels (shown as Figure 2F). Besides, radiographical imaging
indicated that typical pneumonia patterns of initial 23 (71.88%) in�uenza-A-infected patients
predominately had obvious improvements in 3-5 days. In contrast, 9 (30%) SARS-CoV-2-infected children
showed few changes in extent of the ground-glass opacities and another 2 children represented increased
parenchymal density. Subsequently, all in�uenza-A-infected patients recovered after an average of 5.31
days (4.58-6.04) of hospitalization. Seven SARS-CoV-2-infected children were still in hospital with 15 to
21 days of current stays and the average length of hospital stay was 15.53 days (13.91-17.16). Further
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Pearson correlation analysis indicated that there were substantially signi�cant positive correlations
between the degree of body temperature and these immunological parameters on admission day in
children with SARS-CoV-2 infection (shown in Table 2, WBC: r=0.414, p=0.028; HB: r=-0.387, p=0.042;
CRP: r=0.509, p=0.011; PCT: r=0.51, p=0.013). Dissimilarly, only admission PCT level was signi�cantly
correlated with the body temperature of in�uenza-A-infected children. 

Discussion
COVID-19 and in�uenza, sharing similar symptoms in initiation, were di�cult to differentiate via clinical
manifestations prior to viral identi�cation. However, they represent with different protective measures,
disease progression, therapies, as well as prognoses. First, human to human transmission of SARS-CoV-2
is much more easier compared to in�uenza A. The basic reproduction number for SARS-CoV-2 was
estimated to be 2-4 [15-17], while the median value of that for seasonal in�uenza was about 1.28 [18]. In
addition, the case fatality rate (CFR) of pandemic in�uenza A was estimated to be far below 1% among
young populations[19], and the morbidity and mortality rates increased in those with comorbidities [20].
In comparison, the overall death rate of COVID-19 is much higher than that of seasonal in�uenza with the
worldwide CFR of about 2%–3% [21, 22] and sharply decreasing to less than 0.002% in younger
children [23-25]. Furthermore, some cases of in�uenza A and SARS-CoV-2 co-infection have been reported
in patients with severe acute respiratory syndrome [26], multiple complications [27] and even a 4 month
old infant [28]. It has been estimated that in�uenza A virus could increase diagnostic di�culties in SARS-
CoV-2 infected patients [29] and co-infections may result in a more severe complications or a fatal
outcome in children [30]. Therefore, it is important to differentiate these two diseases via early clinical
presentations in the pediatric population. The current study revealed that SARS-CoV-2-infected children
predominately represented with low-grade fevers on average of 38.3℃ (37.8-38.8℃) and less symptoms,
while children infected with in�uenza A  displayed a high grade fever with the average of 39.5℃ (39.3-
39.7℃) and the signi�cantly higher levels of CRP and PCT, as well as the number of WBCs, especially
neutrophils. We further demonstrated that the initial body temperatures of COVID-19 infected children
were signi�cantly correlated with multiple immune parameters (white blood cell counts, as well as
in�ammatory markers CRP and PCT). These �ndings were consistent with what previous
studies[31] have suggested that majority of SARS-CoV-2-infected children presented as fever with
inconspicuous changes in hematological parameters. Further studies on pathogenesis of COVID-19 may
elucidate the underlying mechanisms.

SARS-CoV-2 infection was identi�ed to activate the host innate immune system via the bindings of its
spike glycoprotein (S-protein) to the angiotensin-converting enzyme 2 (ACE2) receptor and
transmembrane protease serine 2 (TMPRSS2) [32, 33], which engaged macrophages and monocytes to
release cytokines and enhanced adaptive T and B cell immune response [34]. While in�uenza infection is
initiated by adhesion of hemagglutinin (HA) to sialic acids on the epithelial cells, followed with activation
of innate immune signaling and further production of cytokines via host pathogen recognition receptors
(PRPs) [35, 36]. Further gene expression analyses have identi�ed the expression pattern of cytokines,
cytokine receptors, as well as transcription factors in COVID-19 patients, which quite differs from that of
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in�uenza A infected patients [37, 38]. SARS-CoV-2 infections exhibited with TNF/IL-1β-driven pro-
in�ammation and T cell apoptosis. In contrast, in�uenza A patients featured type I IFN-driven
in�ammatory regulation, which was co-existed in severe COVID-19 patients [37]. These results supported
the clinical observations of cytokine storm in severe COVID-19 patients [39, 40] representing with
lymphopenia and increased levels of pro-in�ammatory cytokines, including TNF and IL-6. Here our results
documented the mild elevation of the body temperature and less activated immune status in children
with mild COVID-19.

In addition, in correspondence with recent cases of SARS-CoV-2-infected children with persistent fever
showing multi-in�ammatory syndrome like Kawasaki-like disease [14, 41], we speculate that non-
susceptibility of children to SARS-CoV-2 virus may lie in the low activity of immune response. Further
explorations will contribute to the management and development of therapeutics for COVID-19 patients.

There were some limitations in the current study. First, �u activity typically starts from late September and
increases from early November to next February, while encountering the sudden outbreak and rapid
spread of COVID-19 in China at the end of 2019. The strict quarantine and lockdown measures in the
COVID-19 pandemic inescapably reduced transmission of �u, which probably resulted in unavoidable
bias. Second, in this retrospective study, SARS-Cov-2 con�rmed cases were originated from several
hospitals in Shenzhen, China, subsequently transferred to Shenzhen Third People’s Hospital for
quarantine and medical treatment. Whereas in�uenza A data came from an independent single center
(Shenzhen Third People’s Hospital). Data collection of the similar cohort would be better to avoid
statistical disequilibrium.

Conclusions
We described the SARS-CoV-2-infected children with mild elevation of the body temperature and
signi�cantly lower levels of CRP and PCT, as well as decreased neutrophil count in comparison with
in�uenza-A-infected children. We further documented the signi�cant correlations between body
temperature and multiple immune functional parameters in children with SARS-CoV-2 infection rather
than in�uenza A. Our results clarify the less activated immune status in asymptomatic children with
SARS-CoV-2 infection. Further explorations will contribute to the therapeutic management of patients
with COVID-19.
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Table 1. Baseline characteristics of SARS-CoV-2 and influenza-A-infected children.
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 SARS-CoV-2 Group, N=30 Influenza A Group, N=32 p value
Age (median,
IQR)

5.29 (3.04-
7.61)

7.09 (4.08-
11.05)

0.155 

Sex (Number,
Percentage)

     

Male 11 36.67% 19 59.38% 0.076 
Female 19 63.33% 13 40.62%
Onset of signs and symptoms (Number, Percentage)
Fever 13 43.33% 32 100.00% <0.001
Dry cough 8 26.67% 32 100.00% <0.001
Pharyngalgia 2 6.67% 5 15.63% 0.268 
Fatigue 2 6.67% 2 6.25% 0.948 
Diarrhea 1 3.33% 0 0.00% 0.326 
Interval of
onset to
admission
(days),
(median, IQR)

1 1-1.25 3 2-5.75 0.417 

laboratory parameters once admission (mean+SD, 95%CI)
WBC (10^9/L) 6.27±2.87 (5.05-

7.86)
8.52±4.61 (4.69-

10.83)
0.029 

Neutrophil
(10^9/L)

29.60±20.83) (20.06-
38.72)

58.07±17.69 (46.04-
73.08)

<0.001

Lymphocyte
(10^9/L)

35.34±24.00 (22.65-
43.72)

32.11±16.43 (17.71-
43.77)

0.541 

Platelet
(10^9/L)

247.64±62.35 (219.00-
275.27)

255.12±72.81 (195.06-
309.54)

0.673 

HB (g/L) 132.57±10.71 (128.97-
139.13)

120.34±14.97 (110.41-
133.39)

0.001 

ALB (g/L) 45.19±2.69 (43.92-
46.31)

43.39±3.34 (40.19-
44.03)

0.280 

ALT (U/L) 17.47±10.88 (13.61-
23.90)

16.73±13.27 (5.01-
34.60)

0.815 

AST (U/L) 33.10±12.95 (26.47-
38.48)

42.37±16.60 (22.52-
49.56)

0.020 

LDH (U/L) 322.50±193.43 (236.74-
408.26)

369.70±165.79 (251.10-
488.30)

0.285 

CK (U/L) 70.36±40.92 (34.17-
103.84)

132.19±88.06 (77.50-
147.41)

0.035 

BUN (mmol/L) 4.55±2.27 2.87-8.29 3.19±0.92 2.85-
3.70

0.006 

ESR (mm/h) 11.11±6.61 (6.57-
14.60)

21.65±12.80 (14.54-
29.21)

0.003 

Cr (umol/L) 36.70±15.66 (25.22-
42.38)

36.42±13.82 (28.66-
37.27)

0.942 

PCT (ng/ml) 0.07±0.08 (0.02-
0.10)

0.32±0.36 (0.15-
0.38)

0.001 

CRP (mg/L) 5.34±10.34 (0.98-
9.71)

17.22±17.61 (10.87-
23.57)

0.003 

Oxygenation
Index

448.52±239.08 (345.13-
551.91)

441.63±55.55 (395.19-
488.07)

0.899 

Length of
hospital stay
(day),
(mean±SD;
(95%CI))

15.53±4.35 (13.91-
17.16)

5.31±2.02 (4.58-
6.04)

<0.001

Hospital cost
(RMB),

12015.87±4449.26 (10179.31-
13852.43)

4168.61±1524.21 (3619.07-
4718.15)

<0.001
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(mean±SD;
(95%CI))

Data of continuous variables are given as mean±SD with 95% CI. While for data not
normally distributed, median with interquartile range (IQR) is used. Categorical variables
are given as counts and percentages. Abbreviations: WBC, white blood cell; HB,
hemoglobin; ALB, Albumin; ALT, alanine aminotransferase; AST, aminotransferase; LDH,
lactate dehydrogenase; CK, creatine kinase; BUN, blood urea nitrogen; ESR, erythrocyte
sedimentation rate; Cr, creatinine; PCT, procalcitonin; CRP, C-reactive protein. P values in
bold are considered to be significant.

 
Table 2. Correlation analysis between body temperature and hematological parameters. 
 WBC HB CRP PCT
 coefficient P-

value
coefficient P-

value
coefficient P-

value
coefficient P-

value
SARS-CoV-
2 group

0.414 0.028 -0.387 0.042 0.509 0.011 0.51 0.013

Influenza
A group

-0.081 0.658 -0.161 0.379 0.105 0.568 0.477 0.01

 
Pearson's correlation coefficients between body temperature on admission day and immune
function parameters. P values in bold are considered to be significant. Abbreviations: WBC,
white blood cell; HB, hemoglobin; CRP, C-reactive protein; PCT, procalcitonin.
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Figure 1

The �ow chart shows the screening procedures of participants in this study.

Figure 2



Page 16/16

Changes of body temperature and laboratory parameters in the peri-hospitalization period. Box plot with
the mean line and 95% CI of the body temperature observations showing comparisons between SARS-
CoV-2 and in�uenza-A-infected children before hospital admission (A) and after 3-day of hospital stay
(B). Only 5 children’s body temperature exceeded 37.5℃ while 23 patients remained continuous fever
after 3 days of hospital stay. Comparisons on counts of white blood cell (WBC) (C), neutrophil (D),
lymphocyte (E), as well as platelet (F) showed signi�cant increase in in�uenza-A-infected children,
represented with blue triangles. While those of SARS-CoV-2-infected children were represented with purple
dot. Error bars: Mean ±SEM.


