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Effects of lymphocyte, C-reactive protein and prealbumin levels
on clinical typing and course of disease in children
infected with novel coronavirus
Jing Bi 1, Yuanda Zhang 2, Jingzhi Zhang 3,
Qian Han 4, Chaoyu Ji 5, Weina Zhen 6
ABSTRACT
Objectives: To investigate the effects of lymphocyte (LY), C-reactive protein (CRP) and prealbumin (PA)
levels on the clinical typing and course of disease in children infected with novel coronavirus (2019-nCoV)
at the early stage.
Methods: A total of 140 children with 2019-nCoV infection diagnosed in Shijiazhuang People’s Hospital
and Hebei Provincial Chest Hospital from January 2021 to February 2021 were selected for this study.
According to the clinical symptoms, laboratory results and imaging examination, the children were divided
into asymptomatic infection group, mild infection group and common infection group. The levels of white
blood cell (WBC), LY, CRP, PA, albumin (ALB), aspartate aminotransferase (AST), alanine aminotransferase
(ALT), creatine kinase (CK) and creatine kinase MB isoenzyme (CKMB) in the children were recorded on the
2nd d after the positive detection of 2019-nCoV nucleic acid.
Results: There were 73(52.1%) children in the asymptomatic infection group, 35(25.0%) children in the mild
infection group and 32(22.9%) children in the common infection group. LY level in the common infection
group was lower than that in the asymptomatic infection group and the mild infection group (F= 3.152,
both p< 0.05). CRP level in the common infection group was higher than that in the asymptomatic infection
group and the mild infection group (F= 6.343, both p< 0.05). CRP level in the mild infection group was higher
than that in the asymptomatic infection group (t= 2.052, p< 0.05). PA level in the common infection group
and the mild infection group was lower compared with the asymptomatic infection group (F= 5.229, both
p< 0.05). WBC, ALB, AST, ALT, CK and CKMB levels in the three groups showed no statistical significance
(F= 1.803, F= 1.208, F= 2.391, F= 1.973, F= 0.401, F= 1.332, respectively, all p> 0.05). Correlation analysis
demonstrated that LY and PA levels were negatively correlated with hospital stay (r= -0.265, r= -0.325,
both p< 0.050), but CRP level was not correlated with hospital stay (r= -0.039, p> 0.05).
Conclusion: CRP is correlated with the clinical typing of children with 2019-nCoV infection, while LY and
PA levels may be closely correlated with the clinical typing and course of treatment of children with 2019nCoV infection.
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Novel coronavirus pneumonia (COVID-19)
caused by novel coronavirus (2019-nCoV) infection is a new acute respiratory infectious disease,
which was declared by the World Health Organization (WHO) as a global pandemic in March
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2020.1-3 COVID-19 is mainly transmitted through
the respiratory tract. Most of the cases are mild,
but some patients suffer from severe pneumonia,
endangering their lives. Current studies suggest
that patients infected with 2019-nCoV will present normal white blood cell (WBC) count or mild
WBC reduction, significant lymphocyte (LY) reduction, increased C-reactive protein (CRP) and
decreased prealbumin (PA).4-6 Moreover, LY, CRP
and PA levels are closely related to the severity of
COVID-19, which is helpful to evaluate the prognosis of this disease.7-9
Our objective was to explore whether LY, CRP
and PA levels in children with 2019-nCoV infection
will change significantly, and whether it will affect
the clinical typing and course of disease, the blood
routine, hepatic function and myocardial enzymes
of 140 children with 2019-nCoV infection were
retrospectively analyzed in this study.
METHODS
A total of 140 children with 2019-nCoV
infection diagnosed in Shijiazhuang People’s
Hospital and Hebei Provincial Chest Hospital
from January 2021 to February 2021 were
selected as subjects, including 66 males and 74
females, with an average age of 8.3 ± 3.7 years.
The diagnostic and discharge criteria of 2019nCoV infection referred to the Expert Consensus
on Diagnosis, Treatment and Prevention of 2019nCoV Infection in Children. 10 This study was
approved by the ethics committee of Baoding
Children’s Hospital.
Ethical Approval: The study was approved by
the Institutional Ethics Committee of Baoding
Children's Hospital on June 17, 2021 (No.:HBDETKJ-SOP006-03-A/0), and written informed
consent was obtained from all participants
Clinical typing: According to the Expert Consensus
on Diagnosis, Treatment and Prevention of
2019-nCoV Infection in Children,10 the children
were divided into asymptomatic infection, mild
infection, common infection, severe infection and
critical infection.
Observation Indexes: The general clinical data of
the included children were recorded. Additionally,
the levels of WBC, LY, CRP, PA, albumin (ALB),
aspartate
aminotransferase
(AST),
alanine
aminotransferase (ALT), creatine kinase (CK)
and creatine kinase MB isoenzyme (CKMB) in the
included children were recorded on the 2nd day
after the positive detection of 2019-nCoV nucleic
acid.
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Specimen collection and detection: All specimens
were collected and detected by qualified personnel.
Specimen collection: In the morning, 2-ml fasting
venous blood was collected into one purple cap
tube and one red cap tube, respectively. The blood
in the red cap tube was kept at 4 0C-20 0C for 30
minutes and centrifuged at 3000 r/min for 10 min,
and then the serum was collected for detection. The
blood specimens were measured using a XN-2800
full-automatic hematology analyzer (Hysenmek,
Japan).The detection was performed using a C800
biochemical analyzer (Roche), and the reagents
were purchased from Roche.
Statistical Analysis: In this study, the data were
analyzed using SPSS 25.0. The measurement
data were expressed as ( ± S), and inter-group
comparison was conducted with the analysis of
variance and t test, with p< 0.05 considered as
statistically significant. Correlation analysis was
performed using Pearson’s linear correlation
analysis, with p< 0.05 considered as statistically
significant.
RESULTS
Of the 140 children enrolled in this study, there
were 73 (52.1%) children in the asymptomatic
infection group, including 35 males and 38 females
aged 8.5 ± 3.4 years, 35 (25.0%) children in the mild
infection group, including 17 males and 18 females
aged 7.2 ± 4.3 years, and 32 (22.9%) children in
the common infection group, including 14 males
and 18 females aged 9.2 ± 3.6 years. No statistical
significance was found in gender or age among
the three groups (p> 0.05). There were no severe
or critical children in the study. LY count reduced
in 6 (4.3%) children, CRP increased in 13 (9.3%)
children, and PA level decreased in 35 (25%)
children.
LY level in the common infection group was
lower than that in the asymptomatic infection
group and the mild infection group (F= 3.152, p<
0.05). LY level showed no statistical significance
between the mild infection group and the
asymptomatic infection group (t= 0.815, p> 0.05).
Compared with the asymptomatic infection
group and the mild infection group, CRP level
in the common infection group was higher (F=
6.343, p< 0.05). CRP level in the mild infection
group was higher than that in the asymptomatic
infection group (t= 2.052, p< 0.05). PA level in
both common infection group and mild infection
group was lower than that in the asymptomatic
infection group (F= 5.229, both p< 0.05). No
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Table-I: Comparison in WBC, LY, CRP, PA, ALB, AST, ALT, CK and CKMB among three groups.
N

WBC

LY

CRP

PA

ALB

AST

ALT

CK

CKMB

Common
infection
group

32

6.47±1.89

2.46±1.07

6.17±10.07

154±59

42.6±5.3

33±6

19±10

91±35

28±26

Mild
infection
group

35

7.28±2.57

3.01±1.81

4.54±8.82

173±62

42.9±2.5

35±11

15±5

99±34

23±7

Asymptomatic
infection
group

73

6.56±1.73

3.30±1.65

1.42±2.38

185±28

43.6±2.3

31±6

17±10

94±39

23±7

F

1.803

3.152

6.343

5.229

1.208

2.391

1.973

0.401

1.332

P

P= 0.169

P= 0.046

P= 0.002

P=
0.006

P= 0.302

P=
0.095

P=
0.143

P=
0.670

P=
0.267

statistical significance was found in PA level
between the common infection group and the
mild infection group (t= 1.329, p> 0.05). WBC,
ALB, AST, ALT, CK and CKMB levels showed
no statistical significance among the three groups
(F= 1.803, F= 1.208, F= 2.391, F= 1.973, F= 0.401,
F= 1.332, respectively, all p> 0.05). Table-I.
Correlation Analysis: LY and PA levels were
negatively correlated with hospital stay (r= -0.265,
r= -0.325, respectively, both p< 0.050), as shown in
Fig.1. CRP level had no correlation with hospital
stay (r= -0.039, p> 0.05).

DISCUSSION
By the end of 2019, 2019-nCoV infection-caused
COVID-19 was spreading rapidly all over the
world. At present, the reported children account
for 1%-5% of all confirmed cases of COVID-19.1
Compared with adult cases, children with 2019nCoV infection generally have less clinical
symptoms and mild condition, and about 90%
infected children are diagnosed as asymptomatic,
mild or common type.11-14 This is consistent with
that all the children were asymptomatic, mild or

Fig.1: Correlations of LY and PA with hospital stay.
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common type, without severe or critical cases, in
this study.
Currently, it is believed that blood test indexes
such as blood routine have high clinical value
for patients with COVID-19.15 The increase in
CRP and the decrease in LY are closely related
to the severity of COVID-19.6,16-18 The results
of this study showed that LY was lower while
CRP level was higher in the common infection
group than those in the asymptomatic infection
group and the mild infection group, which is in
line with the previous results. People’s Hospital
of Wuhan University reported that COVID-19
patients with decreased LY had longer hospital
stay.17 Our results demonstrated that LY level was
negatively correlated with the length of hospital
stay in the infected children, suggesting that LY
level may be closely related to the clinical typing
and course of treatment in children with 2019nCoV infection. Additionally, this study also
analyzed whether there was a correlation between
CRP and the length of hospital stay, revealing no
correlation, which indicates that the early increase
in CRP level may be correlated with the clinical
typing in children with 2019-nCoV infection, but
not the course of treatment.
In the early stage of infection, patients with
COVID-19 may present changes in PA level.19
The changes in PA level can be used as an index
to determine the severity and progression of
COVID-19.20 The results of current study showed
that the PA level of the common infection group
and the mild infection group was both lower than
that of the asymptomatic infection group, which
is consistent with previous reports. A study has
suggested that the level of PA is related to the
length of hospital stay.16 This study analyzed
the correlation between PA level and the length
of hospital stay in infected children, revealing
a negative correlation, which indicated that PA
level is related to the clinical typing of children
with 2019-nCoV infection. The more obvious the
decrease in PA level in the early stage of 2019nCoV infection is, the severer the condition may
be and the longer the hospital stay may be.
At present, there are significant differences in
the reported laboratory indicators of children
with 2019-nCoV infection. It has been reported
that 33% children with 2019-nCoV infection will
have LY reduction, 40% will have CRP increase,21
and 78% will have PA decrease.22 However, it has
also been reported that only 3% children present
reduced LY and 13.6% have elevated CRP.23 Our
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results showed that only 4.3% of the children
presented reduced LY count, 9.3% had increased
CRP, and 25% had decreased PA.
Limitations of this study: The sample size is small,
the proportion of children with asymptomatic
infection is high, and the conducted laboratory
test items are limited.
CONCLUSIONS
After the outbreak of this epidemic in
Shijiazhuang, the local residents were strictly
isolated in time, and the local government actively
and repeatedly provided free 2019-nCoV nucleic
acid testing, so that all infected children timely
received nucleic acid testing, and 2019-nCoV
nucleic acid-positive children were actively and
effectively treated free. Therefore, most of the
included children were mild and asymptomatic.
Conflicts of interest: None.
Source of funding: None.
REFERENCES
1.
2.
3.

4.

5.

6.

7.

8.

9.

Tezer H, Bedir Demirdag T. Novel coronavirus disease
(COVID-19) in children. Turk J Med Sci. 2020;50(SI1):592-603.
Xie M, Chen Q. Insight into 2019 novel coronavirus - An
updated interim review and lessons from SARS-CoV and
MERS-CoV. Int J Infect Dis. 2020;94:119-124.
DU HZ, Hou XY, Miao YH, Huang BS, Liu DH. Traditional
Chinese Medicine: an effective treatment for 2019
novel coronavirus pneumonia (NCP). Chin J Nat Med.
2020;18(3):206-210.
Meena J, Yadav J, Saini L, Yadav A, Kumar J. Clinical
Features and Outcome of SARS-CoV-2 Infection in
Children: A Systematic Review and Meta-analysis. Indian
Pediatr. 2020;57(9):820-826.
Li T, Guo Y, Zhuang X, Huang L, Zhang X, Wei F, et al.
Abnormal liver-related biomarkers in COVID-19 patients
and the role of prealbumin. Saudi J Gastroenterol.
2020;26(5):272-278. doi: 10.4103/sjg.SJG_239_20
Liu Y, Yang Y, Zhang C, Huang F, Wang F, Yuan J, et al.
Clinical and biochemical indexes from 2019-nCoV infected
patients linked to viral loads and lung injury. Sci China Life
Sci. 2020;63(3):364-374. doi: 10.1007/s11427-020-1643-8
Ouyang SM, Zhu HQ, Xie YN, Zou ZS, Zuo HM, Rao YW,
et al. Temporal changes in laboratory markers of survivors
and non-survivors of adult inpatients with COVID-19.
BMC Infect Dis. 2020;20(1):952. doi: 10.1186/s12879-02005678-0
Fan H, Cai J, Tian A, Li Y, Yuan H, Jiang Z, et al. Comparison
of Liver Biomarkers in 288 COVID-19 Patients: A MonoCentric Study in the Early Phase of Pandemic. Front Med
(Lausanne). 2021;7:584888. doi: 10.3389/fmed.2020.584888
Henry BM, Benoit SW, de Oliveira MHS, Hsieh WC,
Benoit J, Ballout RA, et al. Laboratory abnormalities in
children with mild and severe coronavirus disease 2019
(COVID-19): A pooled analysis and review. Clin Biochem.
2020;81:1-8. doi: 10.1016/j.clinbiochem.2020.05.012

Vol. 38 No. 5

www.pjms.org.pk

1253

Study on Disease in Children Infected with Novel Coronavirus
10. Shen K, Yang Y, Wang T, Zhao D, Jiang Y, Jin R, et al.
Diagnosis, treatment, and prevention of 2019 novel
coronavirus infection in children: experts’ consensus
statement. World J Pediatr. 2020;16(3):223-231. doi:
10.1007/s12519-020-00343-7
11. Dong Y, Mo X, Hu Y, Qi X, Jiang F, Jiang Z, et al.
Epidemiology of COVID-19 Among Children in
China. Pediatrics. 2020;145(6):e20200702. doi: 10.1542/
peds.2020-0702
12. Zimmermann P, Curtis N. COVID-19 in Children,
Pregnancy and Neonates: A Review of Epidemiologic and
Clinical Features. Pediatr Infect Dis J. 2020;39(6):469-477.
doi: 10.1097/INF.0000000000002700
13. Jiehao C, Jin X, Daojiong L, Zhi Y, Lei X, Zhenghai Q, et al.
A Case Series of Children with 2019 Novel Coronavirus
Infection: Clinical and Epidemiological Features. Clin
Infect Dis. 2020;71(6):1547-1551. doi: 10.1093/cid/ciaa198
14. Patel NA. Pediatric COVID-19: Systematic review of
the literature. Am J Otolaryngol. 2020;41(5):102573. doi:
10.1016/j.amjoto.2020.102573
15. An XS, Li XY, Shang FT, Yang SF, Zhao JY, Yang XZ,
et al. Clinical Characteristics and Blood Test Results
in COVID-19 Patients [Retracted in: Ann Clin Lab Sci.
2020;50(4):560]. Ann Clin Lab Sci. 2020;50(3):299-307.
16. Xue G, Gan X, Wu Z, Xie D, Xiong Y, Hua L, et al. Novel
serological biomarkers for inflammation in predicting
disease severity in patients with COVID-19. Int
Immunopharmacol. 2020;89(Pt-A):107065. doi: 10.1016/j.
intimp.2020.107065
17. Liu X, Zhou H, Zhou Y, Wu X, Zhao Y, Lu Y, et al. Risk factors
associated with disease severity and length of hospital
stay in COVID-19 patients. J Infect. 2020;81(1):e95-e97.
doi: 10.1016/j.jinf.2020.04.008
18. Christensen B, Favaloro EJ, Lippi G, Van Cott EM.
Hematology Laboratory Abnormalities in Patients with
Coronavirus Disease 2019 (COVID-19). Semin Thromb
Hemost. 2020;46(7):845-849. doi: 10.1055/s-0040-1715458
19. Guo XL, Zhang Y, Zeng YH, Zhao FY, Liu WP, Xiao L, et
al. Serum prealbumin deserves more significance in the
early triage of COVID-19 patients. Clin Chem Lab Med.
2020;58(10):e209-e211. doi: 10.1515/cclm-2020-0663
20. Li L, Chen C. Contribution of acute-phase reaction proteins
to the diagnosis and treatment of 2019 novel coronavirus
disease (COVID-19). Epidemiol Infect. 2020;148:e164.
doi: 10.1017/S095026882000165X
21. Yasuhara J, Kuno T, Takagi H, Sumitomo N. Clinical
characteristics of COVID-19 in children: A systematic
review.
Pediatr
Pulmonol.
2020;55(10):2565-2575.
doi: 10.1002/ppul.24991
22. Zhang C, Gu J, Chen Q, Deng N, Li J, Huang L, et al.
Clinical and epidemiological characteristics of pediatric
SARS-CoV-2 infections in China: A multicenter case series.
PLoS Med. 2020;17(6):e1003130. doi: 10.1371/journal.
pmed.1003130
23. Henry BM, Benoit SW, de Oliveira MHS, Hsieh WC,
Benoit J, Ballout RA, et al. Laboratory abnormalities in
children with mild and severe coronavirus disease 2019
(COVID-19): A pooled analysis and review. Clin Biochem.
2020;81:1-8. doi: 10.1016/j.clinbiochem.2020.05.012

Pak J Med Sci

May - June 2022

Authors’ Contributions:
JB & YZ: Carried out the studies, participated in
collecting data, drafted the manuscript, and are
responsible and accountable for the accuracy and
integrity of the work.
JZ & QH: Performed the statistical analysis and
participated in its design.
CJ & WZ: Participated in acquisition, analysis, or
interpretation of data and drafting the manuscript.
All authors read and approved the final manuscript.

Authors:
1.
2.

Jing Bi,
Yuanda Zhang,
Department of Gastroenterology,
Baoding Children’s Hospital,
Baoding, Hebei,
071000, P.R. China;
Key Laborary of Clinical Research on
Respiratory Digestive Disease,
Hebei Baoding,
071000, China.
3.
Jingzhi Zhang,
Department of Endocrinology,
Baoding Children’s Hospital,
Baoding, Hebei,
071000, P.R. China.
4.
Qian Han,
5.
Chaoyu Ji,
Department of Respiratory Medicine,
Baoding Children’s Hospital,
Baoding, Hebei,
071000, P.R. China.
6.
Weina Zhen,
1,4,6: Department of Infectious Diseases,
Baoding Children’s Hospital,
Baoding, Hebei,
071000, P.R. China.
Baoding Accurate Diagnosis and
Treatment Laboratory of Children’s Infectious Diseases,
Hebei, 071000,
P.R. China.
Note: Jing Bi and Yuanda Zhang both contributed this manuscript
equally.
Correspondence:
Jing Bi,
Department of Infectious Diseases,
Baoding Children’s Hospital,
Baoding Children’s Hospital,
Baoding, Hebei,
071000, P.R. China.
Baoding Accurate Diagnosis and
Treatment Laboratory of Children’s Infectious Diseases,
Hebei, 071000,
P.R. China
Email: xinxian7968577@163.com

Vol. 38 No. 5

www.pjms.org.pk

1254

