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Abstract

Background The aim of this study was to analyze the clinical characteristics of 66 pediatric patients with B.1.617.2 (Delta)
variant of coronavirus disease 2019 (COVID-19).

Methods Sixty-six pediatric patients with B.1.617.2 (Delta) variant of COVID-19 admitted to the hospital from July to
August 2021 were classified into mild (n=41) and moderate groups (n=25). Clinical characteristics, laboratory data and
dynamic trends in different time periods were analyzed retrospectively.

Results There were no statistically significant differences in age, gender ratios and clinical symptoms between the mild group
and the moderate group. All the patients in the moderate group had clusters of onsets, and the incubation period was shorter
than that of the mild group. Within 24 hours of admission, the levels of erythrocyte sedimentation rate, cardiac troponin I,
D-dimer in the moderate group were higher than that in the mild group (P < 0.05). The titers of immunoglobulin (Ig) G and
IgM antibodies gradually increased after disease onset. Thirty-five (53.03%) children were tested positive for antibodies in
4-12 days. IgG increased gradually, while IgM decreased obviously in about 15 days after disease onset. The cycle threshold
values of open reading frame lab and nucleocapsid protein gene in the severe acute respiratory syndrome coronavirus 2
genomes increased gradually on the 3rd, 6th, 9th, and 12th days after disease onset, compared with those in day 0.
Conclusions The symptoms of children with B.1.617.2 (Delta) variant of COVID-19 were mild. The description and analysis
of the clinical characteristics and laboratory data can help medical staff to evaluate the condition of children with COVID-19
and to accumulate more clinical experience.
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Introduction

Coronavirus disease 2019 (COVID-19) has spread rapidly
worldwide and has become a global public health inci-
dent [1, 2]. The B.1.617.2 (Delta) variant of severe acute
respiratory syndrome coronavirus 2 (SARS-CoV-2) was
first detected in India in December 2020 and became the
most reported variant in the country starting in mid-April
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2021 [3]. By May 19, 2021, the variant was detected in
43 countries across six continents [4—6]. The B.1.617.2
(Delta) variant has a potentially higher rate of transmission
than other variants [7]. There are currently many research
papers on COVID-19, but data on the effect of the variant
on Chinese pediatric patients are still lacking. This article
retrospectively analyzed pediatric patients infected with
Delta variant, described their clinical characteristics, labo-
ratory data, and compared various biochemical indicators
between the mild group and the moderate group.

Methods
Study design and participants

This single-center retrospective cohort study was con-
ducted at the Second Hospital of Nanjing between July
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2021 to August 2021. All 66 pediatric patients with
B.1.617.2 (Delta) variant infection were included in the
study. The age of the participants ranged from 28 days to
18 years old. The diagnosis of COVID-19 was based on
the Guidelines for the Diagnosis and Treatment of Novel
Coronavirus Pneumonia (8th trial edition) proposed by
the National Health Commission of the People’s Repub-
lic of China and the first edition of Children's COVID-19
Diagnosis and Treatment Recommendations of Jiangsu
Province [8, 9]. Participants were classified into mild
(n=41) and moderate groups (n=25). Compared with
the mild group, patients in the moderate group had sig-
nificant clinical features of fever and respiratory symp-
toms, and most had imaging findings of pneumonia. All
confirmed cases of infection were tested for the pres-
ence of SARS-CoV-2 in the respiratory tract using real-
time polymerase chain reaction (RT-PCR). Patients with
viral pneumonia caused by other pathogenic infections,
advanced malignant tumors, lung infections caused by
autoimmune diseases, and lack of relevant research data
were excluded. This study was reviewed and approved
by the Medical Ethical Committee of Second Hospital
of Nanjing (approval number: 2020-LS-ky003).

Clinical data collection

We collected data on epidemiology including age, gen-
der, underlying diseases, incubation period, cluster
onset, and clinical symptoms. Laboratory tests were
performed on the first day of hospitalization, including
the blood routine variables, such as white blood cell
count, lymphocyte count, acute phase reactants includ-
ing C-reactive protein, procalcitonin, interleukin-6,
erythrocyte sedimentation rate (ESR), liver function
including alanine aminotransferase and lactate dehydro-
genase, blood coagulation function including D-dimer,
and myocardial enzymes including cardiac troponin I
(cTnl), myokines isoenzyme, type B natriuretic pep-
tide (BNP). Cycle threshold (Ct) values of nucleocap-
sid protein (N) and open reading frame lab (ORFlab)
genes in the SARS-CoV-2 genome tests were taken after
disease onset (on day 0, day 3, day 6, day 9, day 12,
respectively), while immunoglobulin (Ig) M and IgG
antibodies tests were taken after disease onset (on the
Ist, 5th, 10th, 15th and 20th days, respectively). All
patients underwent X-ray or high-resolution low-dose
chest tomography examinations as needed.

Virus test

Nasopharyngeal swabs or oropharyngeal swabs were
obtained within 24 hours before admission. The
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pharyngeal swab was placed in a storage solution
(Shengxiang China, X 1001, Sansure Biotech Gene Co.
Ltd, China) and then thoroughly shaken. A 2019-nCoV
nucleic acid kit (Sansure Biotech Gene Co. Ltd, Hunan,
China) was used. We followed the instruction methods to
carry out the PCR process. The detection targets of the
RT-PCR method were the ORFIab and N genes in the
SARS-CoV-2 genome. The detection process included
sample nucleic acid extraction, nucleic acid amplifica-
tion, product detection and result interpretation. When
ORFlab and N genes were positive, the result was
defined as a positive case. Samples of genes of ORFlab
and N with a Ct value <40 and an S-shaped amplification
curve were considered positive.

Anti-human IgG and IgM assays were purchased
from Sansure Biotech Gene Co. Ltd, Hunan, China. In
all patients, IgG, and IgM antibodies against the SARS-
CoV-2 ORFlab and N protein in serum samples were
measured using enzyme-linked immunosorbent assay.
The samples with values > 1.0 S/CO were considered
positive for SARS-CoV-2 infection.

Statistical analysis

The characteristics of the study participants were sum-
marized using descriptive statistics: number and percent-
age for categorical variables; mean and standard devia-
tions for continuous variables. Differences in categorical
variables were assessed with the y? test and Fisher’s exact
test (n <5). The Student’s ¢ test was used to determine
if the means of two groups of data differed. A P value
less than 0.05 was considered statistically significant.
All statistical analyses were performed using SPSS 20.0.

Results
General information

Sixty-six pediatric patients with COVID-19 were not
vaccinated, included 30 (45.45%) males and 36 (54.55%)
females. The mean age was 10.35 + 5.86 years, and the
average incubation period was 3.25+2.52 days. Fifty-
eight (87.8%) cases were clustered; only one child had an
underlying disease, which was obesity with hyperurice-
mia (Table 1).

Clinical features

The 66 pediatric patients included 31 (46.96%) cases of
fever (duration of fever was 2.10 + 1.16 days, peak heat
was 38.32+0.47 C), 31 cases of cough (46.96%), 23
(34.84%) cases of nasal congestion, 17 (25.75%) cases of
sore throat, 7 (10.60%) cases of fatigue, 6 (9.09%) cases
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Table 1 General information and clinical features of pediatric patients with coronavirus disease 2019
Variables Mild group (n=41) Moderate group (n=25) P
Mean age (y), mean=+SD 10.99+5.94 8.43+5.94 0.357
Male, n (%) 17 (41.5) 13 (52.0) 0.281
Cluster onset, n (%) 33 (80.5) 25 (100) 0.018"
Preclinical period (d), mean+SD 3.73+2.62 1.80+1.46 0.037"
Clinical symptom
Fever, n (%) 17 (41.5) 14 (56.0) 0.251
Duration of fever, mean+ SD 221+1.10 1.93+1.20 0.617
Peak heat, mean +SD 38.32+0.41 38.33+0.56 0.949
Cough, n (%) 16 (39.0) 15 (60.0) 0.098
Nasal congestion, n (%) 17 (41.5) 6 (24.0) 0.149
Sore throat, n (%) 11 (26.8) 6 (24.0) 0.799
Fatigue, n (%) 512.2) 2 (8.0) 0.701
Anorexia, n (%) 4(9.8) 2 (8.0) 0.810
Headache, n (%) 2 (4.9) 1(4.0) 0.681
Diarrhea, n (%) 3(7.3) 2 (8.0) 0.633
Vomit, n (%) 2 (4.9) 1(4.0) 0.681
Decreased smell, n (%) 2(4.9) 1(4.0) 0.681
Decreased taste, n (%) 2(4.9) 0(0) 0.382
Conjunctivitis, n (%) 0(0) 1(4.0) 0.379
SD standard deviation. “Compared with mild group, P < 0.05
of anorexia, 3 (4.54%) cases of headache, 3 (4.54%) Laboratory data

cases of decreased sense of smell, 5 (7.57%) cases of
diarrhea, 2 (3.03%) cases of decreased sense of taste, 3
(4.54%) cases vomit, and 1 (1.51%) case of conjunctivi-
tis. Patients in the moderate group had clusters of onset,
but there were no statistically significant differences of
the age, gender ratios and clinical symptoms between
the mild group and the moderate group. The preclinical
period of the moderate group was significantly shorter
than that of the mild group (Table 1, Fig. 1).
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The levels of ESR, cTnl, D-dimer and IgM antibody
in the moderate group were significantly higher than
those in the mild group (Table 2). In the unvaccinated
66 pediatric patients, the titers of IgG and IgM antibod-
ies increased gradually after disease onset. On the 5Sth,
10th, 15th and 20th days, the IgG titers (S/CO) were
1.28+0.60, 3.48 +0.71, 7.85+0.92, and 14.56 +8.14,
respectively; IgM titers (S/CO) were 0.82+0.15,
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Fig. 1 Clinical symptoms of 66 pediatric patients with coronavirus disease 2019. a Mild group (n=41); b moderate group (n=25)
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Table 2 Comparison of lab indicators between two groups of children with coronavirus disease 2019 within 24 hours of admission

Variables Mild group (n=41) Moderate group (n=25) P
WBC (x 10%/L) 6.04+2.34 5.14+1.37 0.149
L (x10%L) 2.30+1.37 1.82+0.84 0.275
PCT (ng/mL) 0.06+0.02 0.07+0.03 0.498
CRP (mg/dL) 4.06+2.37 6.08+2.80 0.649
ALT (mmol/L) 17.46 +3.00 18.99 +3.59 0.807
IL-6 (pg/mL) 5.45+3.21 9.88+2.42 0.397
ESR (mm/h) 1.00+0.01 3.60+0.89 0.012"
LDH (U/L) 272.37 +80.07 299.09 +75.01 0.776
MB (ng/mL) 22.09+5.95 19.48 +4.88 0.350
¢TNI (pg/mL) 1.01+0.42 1.77+0.34 0.047"
BNP (pg/mL) 139.62 +28.29 204.95 +66.78 0.401
D-dimer (ng/mL) 0.26+0.05 0.74+0.32 0.032"
CD3 total T cell count (/uL) 1608.84 +212.77 1092.80 + 140.96 0.240
CDS8 total T cell count (/uL) 450.68 +252.47 411.60+242.19 0.283
CD4 total T cell count (/uL) 801.52 +120.06 554.00+143.26 0.313

Values are presented as mean + standard deviation. WBC white blood cell count, PCT procalcitonin, CRP C-reactive protein, ALT alanine ami-
notransferase, IL-6 interleukin-6, ESR erythrocyte sedimentation rate, LDH lactate dehydrogenase, MB myokinase isoenzyme, cTnl cardiac tro-
ponin I, BNP type B natriuretic peptide. “Compared with a mild group, P < 0.05
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Fig.2 The dynamic trend of immunoglobulin (Ig) M and IgG antibod-
ies levels in pediatric patients with coronavirus disease 2019 (n=66)

3.14+0.61, 2.90+ 1.01, and 1.56 +0.63, respectively.
Thirty-five (53.03%) children tested positive for antibod-
ies in 4-12 days. IgG increased gradually, whereas IgM
decreased obviously in about 15 days (Fig. 2).

On day 0 after disease onset, in the mild group, the Ct
values of N and ORFlab genes were higher than those in
the moderate group but with no significant differences.
The Ct values of ORF1ab and N genes in the SARS-CoV-2
genome increased gradually on the 3rd, 6th, 9th and 12th
days after disease onset. On the 9th to 12th days, the Ct
values of 51 (77.27%) children were higher than 30. On
the 9th to 12th days after disease onset, the Ct values of 51
(77.27%) children were more than 30 (Table 3).

Table 3 Dynamic trends of nucleic acid cycle threshold values in patients with coronavirus disease 2019

Variables Mild group (n=41) Moderate group (n=25) Total (n=66) P

N gene (day 0) 23.57+5.48 22.20+6.85 22.20+6.30 0.484
N gene (day 3) 26.75+6.00 25.58+6.79 26.02+6.47 0.528
N gene (day 6) 31.55+5.30 29.50+6.27 30.29+5.95 0.231
N gene (day 9) 31.93+7.70 30.64+5.05 31.07+5.04 0.443
N gene (day 12) 35.07+4.42 31.78+4.85 33.83+5.04 0.120
ORFlab (day 0) 25.76+6.83 25.63+4.99 25.69 +6.09 0.942
ORFlab (day 3) 29.45+5.95 28.06+6.23 28.58 +6.10 0.428
ORFlab (day 6) 33.16+6.79 31.91+5.94 32.37+5.53 0.440
ORFlab (day 9) 32.75+5.75 32.48+4.97 32.56+4.96 0.879
ORFlab (day 12) 35.64+4.64 33.89+5.38 34.85+5.06 0.471

Values are presented as mean + standard deviation. ORF lab open reading frame lab
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The average Ct values of the N and ORFIab genes of the
two groups on day 0 of the disease onset were assigned as a
reference level. Ct values on day 3, day 6, day 9, and day 12
of each patient were compared with the reference levels. On
the 3rd day, no significant difference of N and ORFlab Ct
values were found in the mild group, whereas these Ct values
increased significantly in the moderator group (P <0.05). All
Ct values measured on the 6th, 9th and 12th days were sig-
nificantly higher compared to the reference level (P <0.001)
in both mild and moderate groups (Fig. 3).

Discussion

COVID-19 is a new acute respiratory infectious disease, and
its worldwide epidemic has produced a major global public
health event [10]. According to data from Jiangsu Provincial
Center for Disease Control and Prevention, the incidence of
COVID-19 among children in the epidemic in Nanjing, 2021
was as high as about 8.0%, and there were no serious cases,
critically ill cases, or deaths. In February 2021, China's CDC
infection statistics for the whole country indicated the child
infection rate was only 2.2%, including one case of death
[11]. Novel coronavirus carried stronger transmission power
with each mutation. In addition to increasing the possibility
of the virus binding to the receptor to gain a greater chance
of entering the human body, the Delta variant also brings a
higher viral load. Studies have shown that the viral load of
Delta variant infection is 1260 times than that of the original
strain, which is the reason why the Delta variant strain has
gradually evolved into a dominant variant [12].

The present study collected 66 pediatric patients who
were diagnosed with COVID-19 [B.1.617.2 (Delta) variant]
after July 20, 2021 in Nanjing, China. The epidemic was
area clustering. It is suggested that the focus of prevention
of children's infection, strengthening the family protection
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Fig.3 The results of polymerase chain reaction showed variation
tendency of N and ORFlab genes at a different time of both mild
and moderate groups. a Ct values of N gene compared to day 0; b
Ct values of ORFIab gene compared to day 0. For both groups of

and daily child health care were very important to prevent
the spread of epidemic among children.

All pediatric patients were mild or moderate cases,
mainly from the mild group with no severe or critically
infected patients. The patients showed nonspecific clinical
features, such as fever, dry cough, fatigue, and stuffy nose.
Some patients presented with a decreased sense of smell and
taste as the first symptoms [13], a few patients with conjunc-
tivitis, myalgia, diarrhea, and other symptoms. Compared
with mild patients, moderate patients had a higher incidence
of fever, shorter incubation period and longer duration. We
found there were no severe or critically ill cases. The rea-
sons for this might be as follows: (1) the innate immunity
and adaptive immunity decline with age [14]; (2) comor-
bidity may be risk factors for poor outcome [2]; (3) under-
developed cellular structure of the lung, which was called
angiotensin-converting enzyme 2 to bind the S protein of the
SARS-CoV-2 viruses, might play a role in decreased injury
to bodies [15, 16]. However, unlike adults with chest pain,
shortness of breath, cough, and fever as the main manifesta-
tion [17], some children had no clear clinical manifestations
at the first diagnosis this year, so suspected asymptomatic
children need to be screened repeatedly and diagnosed in
combination with epidemiological history.

Several studies have shown that the increase of cTnl is
related to the poor prognosis of patients with COVID-19
[18]. Cardiac troponin abnormalities are common in patients
with severe novel coronavirus infection, and most of them
are myocardial infarction caused by non-ischemic myo-
cardial injury or imbalance of myocardial oxygen supply.
Cardiac troponin abnormality has the value of predicting
prognosis. In the present study, through the comparison of
the clinical test data of the two groups, it was found that
the cTnl of moderate patients was significantly higher than
that of mild ones, suggesting that cTnl is also an important
index to judge the severity in children. D-dimer is also an
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the two genes, 3rd day vs. day 0, no significant statistical differ-
ence; 6th, 9th, and 12th days vs. day 0, P <0.001. Ct cycle thresh-
old, N nucleocapsid protein gene, ORF1ab open reading frame lab
gene
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important index to predict the prognosis of patients. Stud-
ies have shown that the value of D-dimer in COVID-19
in critically ill patients is significantly higher than that in
non-critically ill patients. It is found that compared with the
surviving patients, the level of D-dimer in non-survivors
continues to rise [19]. The normal ESR ranges are usually
very high during severe inflammation due to infection [20,
21]. ESR also showed differences between the two groups in
this study, and the same result had also been verified in adult
patients [22]. Different from the results of adult patients,
in the present study procalcitonin [23], lymphocyte count,
BNP, and CD3 were not found to be different between the
two groups. The analysis of the reasons suggested that the
condition of these children was relatively mild, and the dif-
ference of clinical symptoms was not high, which was con-
sistent with the actual situation.

After infection, no corresponding antibodies were
detected in the patients at the initial stage. Thirty-five
children tested positive for antibodies in 4-12 days. IgG
increased gradually, whereas IgM decreased obviously in
about 15 days during the disease. We also have noted a
similar trend of specific antibodies in the research of other
scholars [24-26]. Owing to the compliance of patients’ dis-
charge and examination, the longest observation time in the
present study was 25-31 days. Most of the children showed
a steady increase in IgG and a decrease in IgM at discharge.
As the virus is cleared, IgM also dropped. The patient will
gain a certain degree of immunity within three months after
recovery [27].

Lower Ct value and longer viral shedding in B.1.617.2
provided a potential mechanism for increased transmissi-
bility [28]. To explore the dynamic trend of nucleic acid Ct
value of COVID-19 in 66 pediatric patients, we compared
the Ct values of N and ORFIab genes at admission. We
found that there was no statistical difference between the
two groups, which may indicate that the viral load is not
related to the severity of the disease. The number showed an
upward trend on the 10th-15th day in the course of COVID-
19, the Ct value in the vast majority of cases were more
than 30, but in the next two weeks, it fluctuated between
30 to 40. We observed that many patients showed clinical
asymptomatic or continuous improvement, but the nucleic
acid Ct value fluctuated. The reasons are as follows: (1) the
influence of sampling depth; (2) the post-negative positive
PCR result may be the RNA particles, rather than reinfection
[29]. Although most patients become negative in 20-30 days
or even longer, the clinical symptoms basically disappear
and no further treatment is needed except quarantine. This
might suggest that such patients could receive hierarchical
management of epidemic prevention measures.

In summary, the epidemic situation has a strong ability to
spread among people, and there are fewer cases of COVID-19
infection in children. Most of these cases are mild and moderate
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infections, whose clinical symptoms are relatively mild. Aggre-
gation in the family is the main way for children to become
infected with COVID-19. Early laboratory examination and
imaging examination can be nonspecific. It is very important
to inquire about the history of epidemiology in detail. Because
children are still susceptible to COVID-19 infection, it still
needs to be paid close attention to as a special group. Accord-
ing to the epidemiological characteristics of the epidemic in
this study, the duration of the disease is short, the number of
pediatric patients is small, and there are no severe or critical
cases, which may have a certain impact on the statistical results.
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