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Epidemiological characteristics
of three herpesviruses infections
in children in Nanjing, China,
from 2018 to 2023

Mingwei Wei', Yang Zhang?®, Zhibin Li® Qi Liang*,

Tong Cao® and Jingjing Ma**

INHC Key Laboratory of Enteric Pathogenic Microbiology, Jiangsu Provincial Center for Disease
Control and Prevention, Nanjing, Jiangsu, China, 2Department of Clinical Laboratory, Children’s

Hospital of Nanjing Medical University, Nanjing, China, *Department of Immunology, Nanjing Medical
University, Nanjing, China

Objective: To evaluate the epidemiology characteristics of Herpes simplex virus
type 2 (HSV-2), Epstein-Barr virus (EBV) and Cytomegalovirus (CMV) infection in
children from January 2018 to December 2023, in Nanjing, China.

Methods: We conducted a retrospective analysis of 21,210, 49,494 and 32,457
outpatients and inpatients aged 1 day to 17 years who were subjected to the three
herpesviruses (HSV-2, EBV, and CMV) nucleic acid testing from January 2018 to
December 2023, respectively. Demographic information, laboratory findings,
etc. were collected and analyzed. HSV-2, EBV and CMV nucleic acid testing
were performed by real-time PCR.

Results: The total rate of detection of the three herpesviruses for all specimens
was 0.32% (67/21,210), 14.99% (7419/49,494), and 8.88% (2881/32,457),
respectively. A declining trend in the incidence of viral infections over the years
was observed for the three herpesviruses (all P<0.05). The detection rate for
HSV-2, EBV, and CMV was highest among patients aged 1-3 years, 3-7 years, and
28 days to 1 year, respectively (all P<0.05). The presence of HSV-2 and CMV
infection did not exhibit a discernible seasonal pattern, whereas EBV typically
demonstrated an elevation during the summer and autumn.

Conclusion: EBV and CMV were both prevalent among children in China, except
for HSV-2. The annual prevalence of the three herpesviruses show decreasing
trend from 2018 to 2023, and no difference in gender (except for EBV). EBV
infections usually occur in the summer and autumn, whereas HSV-2 and CMV do
not exhibit significant seasonality. The positivity rate of HSV-2 is highest in 1-3
years, EBV is highest in 3-7 years, and that of CMV is highest in 28 days to 1 year.
Positive detection rates are higher in outpatients than in inpatients.
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Introduction

Human herpesviruses (HHV1-8) are ubiquitous human
pathogens belonging to the Herpesviridae, a large family of
double-stranded DNA viruses, which is divided into three
subfamilies: alphaherpesviruses [varicella-zoster virus (VZV),
herpes simplex virus type 1 and 2 (HSV-1 and HSV-2)],
betaherpesviruses [Human herpesviruses 6 (HHV-6), HHV-7 and
human cytomegalovirus (HCMV)], and gammaherpesviruses
[Epstein-Barr virus (EBV) and Kaposi’s sarcoma-associated
herpesvirus (KSHV)] (Lan and Luo, 2017; Olsson et al.,, 2017;
Noor et al., 2018). Moreover, herpes virus infections are life-long,
enabling them to establish latency after primary infection prior to
reactivation later in life.

HHYVs are widely distributed worldwide, and more than 90% of
the human population is infected by one or multiple HHVs (Lan
and Luo, 2017), which can cause multiple diseases, such as Herpes
simplex virus encephalitis (HSE) (Armangue et al., 2018; Piret and
Boivin, 2020), Newborn Hearing Loss (Kadambari et al., 2020),
genital herpes, infectious mononucleosis (IM) (Kuri et al., 2020;
Sharifipour and Rad, 2020; Fedyanina et al., 2021), etc. HSV
(including type 1 and type 2), EBV, and CMV are commonly
present herpes viruses in human beings and are typically acquired
during childhood. The neonatal herpes simplex virus (HSV)
infection is an uncommon but severe disease with a high case-
fatality rate (CFR) caused by HSV acquired during the neonatal
period (Lao et al., 2019). It has been proven that primary or reactive
EBV infection is associated with a variety of diseases, such as
infectious mononucleosis (IM), respiratory infections,
encephalitis, malignant lymphoma, nasopharyngeal carcinoma,
aplastic anemia, hemophagocytic lymphohistiocytosis (HLH),
immune dysfunction, and autoimmune diseases (Kasahara and
Yachie, 2002; Shi et al., 2020; Shi et al., 2021; Ye et al., 2023).
CMV is the most common viral cause of congenital infection
worldwide and is the leading nongenetic cause of sensorineural
hearing loss in children (Lan and Luo, 2017; Liu et al, 2017).
However, all of three viruses’ primary infections in childhood are
often asymptomatic or atypical, which may lead to misdiagnosis or
missed diagnosis. In addition, limited research has been conducted
on the etiological epidemiology of the three herpesviruses in
children, especially for HSV-2.

Hence, understanding the epidemiology and other factors
related to the three herpesviruses in children is crucial to
updating existing guidelines, promoting antenatal hygiene
behaviors, enhancing the utility of neonatal screening, and
facilitating the development of related vaccines. In this
retrospective study, we applied quantitative real-time polymerase
chain reaction (QRT-PCR) assay to detect HSV-2, EBV, and CMV
DNA in a substantial number of samples from children and
adolescents at Children’s Hospital of Nanjing Medical University.
Additionally, we further elucidated the epidemiological
characteristics of HSV-2, EBV, and CMV among children in
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China, including age distribution, gender distribution, and
seasonal patterns.

Materials and methods
Ethics statement

The study was approved by the Medical Ethics Committee of
Children’s Hospital, Nanjing University School of Medicine (No.
202403007-1). Written consent was waived due to the use of pre-
existing routine medical data for this retrospective research, and did
not require additional biological samples.

Study population and sample collections

The study participants included outpatients and inpatients aged
0-17 years admitted in the Children’s Hospital of Nanjing Medical
University and subjected to HSV-2, EBV, and CMV nucleic acid
testing from January 2018 to December 2023. The data were obtained
from outpatients and inpatients in the electronic medical record
system, and the data analysis was anonymous. Demographic data and
laboratory tests were recorded for each participant. All experiments
conducted in this study adhered to the applicable guidelines and
regulations. We collected samples of EDTA whole blood, plasma,
cerebrospinal fluid, alveolar lavage fluid, sputum, urine, and
secretions to detect CMV. For EBV detection, we used samples of
EDTA whole blood, plasma, cerebrospinal fluid, alveolar lavage fluid,
and sputum. We utilized samples of EDTA whole blood, plasma,
cerebrospinal fluid, and secretions for HSV-2 detection.

Specimens nucleic acid testing

The nucleic acids of all samples were extracted using Xi'an
Tianlong nucleic acid extraction kit (Tianlong Technology).
Subsequently, real-time quantitative fluorescence PCR was
performed to detect the content of HSV-2/EBV/CMYV in the
samples by SLAN96P (Shanghai Hongshi Medical Technology).
Detection Kit (Real-Time PCR) produced by Daan Gene,
Guangzhou, China, was used in this study. HSV-2/EBV/CMV
nucleic acid load detection was performed according to the
protocol of the detection kits, and a negative, critical, positive,
and four quantitative standards were used in each test.

Statistical analysis
Statistical analysis was performed using the Statistical Package

for Social Sciences (SPSS; version 24.0). The chi-square test was
used to compare the classified variable groups, and the cartogram
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was drawn using Excel software. All reported P values were two
sided, and P<0.05 was considered as statistically significant.

Results
Demographic characteristics

From January 2018 to December 2023, a total of 21,210, 49,494,
and 32,457 eligible specimens were collected for Herpes simplex
virus type 2 (HSV-2), Epstein-Barr virus (EBV), and
Cytomegalovirus (CMV), respectively. In total, 1349, 16,750, and
3848 specimens were from outpatients, while 19,861, 32,744,
and 28,609 specimens were from inpatients among the HSV-2,
EBV, and CMV groups. The ratio (male/female) of the three
herpesviruses (HSV-2, EBV, and CMV) groups was 1.41, 1.44 and
1.40, respectively. The median patient age was 0.17, 4.00, and 0.58
years (all range 0-17 years) in the three herpesviruses groups,
respectively. Among the HSV-2, EBV, and CMV groups, the
seasonal distribution of patients sampled was 5268, 11,581, and
8188 in spring (March to May), 5564, 14,442 and 8510 in summer
(June to August), 5123, 12,280 and 8089 in autumn (September to
November), and 5255, 11,191 and 7670 in winter (December to
February), respectively.

Viral prevalence

The total detection rate of the three herpesviruses (HSV-2, EBV,
and CMV) for all samples was 0.32% (67/21,210), 14.99% (7419/
42,075), and 8.88% (2881/29,576), respectively (Table 1). The
annual positive rates from 2018 to 2023 were 0.45%, 0.81%,
0.27%, 0.06%, 0.03% and 0.00% for HSV-2, 17.94%, 20.15%,
15.24%, 12.61%, 9.64% and 13.55% for EBV, and 12.11%, 11.34%,
9.95%, 8.61%, 5.60% and 4.96% for CMV. A statistically significant
difference was found among six years (all P<0.05). A declining trend
in the incidence of viral infections over the years was observed for
the three herpes viruses (all P<0.05) (Table 1).

The total viral detection rates (all six years) for all outpatients
were 25.52% and 18.97% in EBV and CMYV, respectively, which was
higher than that of inpatients (9.60% and 7.52%); the difference in
detection rates was statistically significant for EBV and CMV (both
P<0.05), except for HSV-2 (P>0.05) (Figure 1). The total viral
detection rates (all six years, 2018-2023) of the HSV-2 and CMV
were basically equal between males and females, and the differences
were not statistically significant (all P>0.05), except for EBV
(P<0.05) (Figure 2).

10.3389/fcimb.2024.1448533

Age distribution

The detection rates of three herpesviruses varied significantly
among the five age groups, and the difference was statistically
significant (all P<0.05) (Table 2). The detection rate for HSV-2,
EBV, and CMV was highest among patients aged 1-3 years, 3-7
years, and 28 days to 1 year, respectively (all P<0.05) (Table2
and Figure 3).

Seasonal distribution

The overall viral detection rates (all six years) of the three
herpesviruses in spring, summer, autumn, and winter were 0.42%,
0.22%, 0.25% and 0.38% for HSV-2, 13.96%, 15.50%, 16.63% and
13.59% for EBV, and 8.73%, 7.99%, 9.35% and 9.52% for CMYV,
respectively. A histogram for six study years showing the seasonality
distribution of the three herpesviruses pathogens was drawn, and
the detection rates decreased year by year (all P<0.05) (Figure 4).
Overall, we did not observe a distinct seasonality profile in HSV-2
and CMYV infection; the rate of HSV-2 infection was extremely low
throughout the year, whereas the CMV infection remains
consistently high. EBV infection exhibited a distinct seasonal
profile and was detected more often during the summer (June
and August) and autumn (October-November) (Figure 4).

Discussion

This is the first retrospective study to investigate the
epidemiology of the three herpesviruses, HSV-2, EBV, and
CMYV, in inpatient and outpatient children in Nanjing, China.
Our findings provide a preliminary epidemiological profile and
trends of three herpesviruses pathogens in inpatient and
outpatient children.

In this study, it was found that the overall rates of HSV-2, EBV,
and CMV positivity were 0.32%, 14.99%, and 8.88%, respectively.
These results are lower than the HSV-2 and CMV seroprevalence
levels of 9.9%-63.4% (HSV-2) (Sanchez-Aleman et al., 2018; Reward
etal, 2019; James et al., 2020; Ayoub et al., 2021) and 23.7%-98.1%
(CMV) (Zuhair et al., 2019; Hoehl et al., 2020; Winter et al., 2020;
Rico et al., 2021) observed in foreign, and 3.4%-15.3% for HSV-2
(Zhang et al., 2014; Lin et al., 2011; Huai et al., 2019) and 38.6%-
98.1% for CMV (Huang et al., 2021; Zhou et al., 2021; Huang et al.,
2022) were observed in China, respectively. However, the
seropositive rates of EBV varied widely among studies (Beader
et al., 2018; Cui et al.,, 2018; Franci et al., 2019; Tang et al., 2020),

TABLE 1 Detection rates of the three herpesvirus (HSV-2, EBV, and CMV) in children from 2018 to 2023[n (%)].

Viruses infected 2018 2019 2020
HSV-2 4209(0.45%) 4429(0.81%) 3395(0.27%)
EBV 7791(17.94%) 9231(20.15%) 7486(15.24%)
CMV 5500(12.11%) 5805(11.34%) 5256(9.95%)

Frontiers in Cellular and Infection Microbiology

2021 2022 2023 Total
3359(0.06%) 2860(0.03%) 2958(0.00%) 21,210(0.32%)
7992(12.61%) 7431(9.64%) 9563(13.55%) 49,494(14.99%)
5844(8.61%) 5093(5.60%) 4959(4.96%) 32,457(8.88%)
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Detection rates of the three herpesviruses (HSV-2, EBV, and CMV) in
outpatients and inpatients (%).
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FIGURE 2
Detection rates of the three herpesviruses (HSV-2, EBV, and CMV) in
male and female patients (%).

ranging from 8.9% to 98.0%. The reasons why HSV-2, EBV, and
CMV in this study are so different from previous studies may be as
follows: first, PCR was used for detection in this study, while
serological methods were used in the above studies; second, each
study came from different countries and regions were economic and
sanitary conditions vary widely. Third, the age, type, and specimen
of participants in different studies varied widely. We also found that
the annual positive rates of HSV-2, EBV, and CMV showed a
downward trend from 2018 to 2023 (all P<0.05). The positive rate

10.3389/fcimb.2024.1448533

reduced remarkably from 2020 to 2023 for HSV-2 and CMV, which
also reduced largely from 2020 to 2022 and increased largely in 2023
for EBV. The possible reasons for the above phenomenon are
mainly due to the COVID-19 pandemic, resulting in the
cancellation of public gatherings, delayed opening of schools,
enhanced personal prevention and control measures (such as
frequently washing hands and wearing masks), strict traffic
control, etc. In addition, during the epidemic, maybe some
patients with mild symptoms choose not to seek medical
treatment at a hospital, so the actual number of cases may be
underestimated. These similar phenomena have also been reported
in other studies (Ding et al., 2020; Xiao et al., 2021). Additionally,
this study found that EBV detection focused on school-aged kids
(median age: 4.00 years), while HSV-2 and CMV were more
prevalent in preschoolers (median ages: 0.17 year, 0.58 year).
Post-pandemic, EBV rates rosed likely due to increased
socializing among school-aged children, whereas HSV-2 and
CMV rates slightly declined, likely reflecting different exposure
patterns in preschoolers.

In previous studies, we only focused on EBV prevalence in
hospitalized children (Chen et al, 2013). In the present study, we
first studied the epidemiology characteristics of the three herpesviruses
(HSV-2, EBV, and CMYV) in both outpatient and inpatient children.
The positive rate of outpatients in EBV and CMV was higher than that
in inpatients (both P<0.05), while the positive rate of HSV-2 in
outpatients and inpatients was basically equal (P>0.05). In the
aspect of gender, a similar positive rate of the three herpesviruses in
females and males was observed (both P>0.05), except for EBV, which
was slightly higher in females than in males (P<0.05).

We found that the positivity rate of HSV-2, EBV, and CMV
infection varied among different age groups. The positive rate of
HSV-2 in each age group was low but was relatively high in the 1-3
years group. The participants of the previous related studies were
mainly concentrated on the above 14 years old, which could not be
compared (Xing et al., 2016; Huai et al., 2019). The peak detection
rate of EBV was shown in the 3-7 years group (22.07%). In a similar
study conducted in Shiyan and Suzhou, China, the prevalence of
EBV DNA-positive peaked in <4 years and 3-4 years, respectively
(Devkota et al., 2018; Shi et al., 2022). The differences described
above may be mainly due to sample type, geographic location,

TABLE 2 Detection rates of the three herpesvirus (HSV-2, EBV, and CMV) from different age groups [n (%)].

HSV-2(n=21,210) EBV(n=49,494) CMV(n=32,457)

grgc?ups Positive Negative Positive Negative Positive Negative

(n=67) (n=21,143) (n=7419) (n=42,075) (n=2881) (n=29,576)
<28d 10(0.11%) 9208(99.89%) 0(0.00%) 73(100.00%) 134(1.42%) 9297(98.58%)
[28d-1y) 25(0.77%) 3240(99.23%) 158(2.39%) 6449(97.61%) 2326(28.67%) 5786(71.33%)
[1-3y) 21(0.87%) 2388(99.13%) 2130(16.88%) 10,485(83.12%) 210(6.02%) 3276(93.98%)
[3-7y) 7(0.25%) 2760(99.75%) 3623(22.07%) 12,791(77.93%) 96(2.13%) 4420(97.87%)
[7-18y) 4(0.11%) 3547(99.89%) 1508(10.94%) 12,277(89.06%) 115(1.66%) 6797(98.34%)
1 0.34 126.05 368.23
P value 0.56 <0.01 <0.01
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Detection rates of the three herpesviruses (HSV-2, EBV, and CMV) in different age groups (%).
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economic, and sanitary conditions. CMV showed a peak detection
rate in 28 day-1 year group. A possible explanation for this pattern
is that the transmission routes in children occur mainly via close
contact with their mothers, and the immune system is immature,
which was also confirmed in other studies (Zuhair et al., 2019;
Lanzieri et al., 2021).

This study adds to understanding seasonal variations of the
three herpes viruses infections in Nanjing, China. Through this
study of the three viruses during the 6-year study period, we found
that the infection rate for HSV-2 showed mainly sporadic and no
evident seasonality, which may be caused by the route of its
transmission (such as contact with herpetic lesions, mucosal
surfaces, genital secretions, or oral secretions) (Cole, 2020). We
found that the infection for EBV was relatively high in summer and
autumn, which was similar to previous research (Shi et al., 2022) but
inconsistent with the findings in Hangzhou and Suzhou, China (Liu
et al, 2017; Ayoub et al,, 2021). Besides, we also found that the
infection for CMV showed no apparent seasonal variation, and this
similar phenomenon had also been reported in previous studies
(Zhang et al., 2017; Chen, 2019).

This study had some advantages and limitations. Advantages:
(1) the sample size of this study is relatively large, and the three
herpesviruses were continuously monitored for six years. (2) The
PCR DNA detection was used in this study, which has higher
sensitivity and higher specificity than serology techniques. (3)
The epidemiological surveillance of the three herpesviruses was
performed for the first time on minors in Nanjing, China.
Limitations: (1) Up to the present, the HSV-1 PCR tests have
not been approved for clinical practice by the National
Medical Products Administration (NMPA) in China. Therefore,
the detection of HSV in this study is only for HSV type 2. (2)
The subjects of this study were outpatient and inpatient
children in the hospital rather than the general population,
which may lead to a high positive detection rate. (3) This study
only analyzed the infection characteristics of children without
analyzing their corresponding clinical characteristics. (4) Co-
infection analysis was not conducted in this study. Despite the
above shortcomings, this study provides preliminary evidence for
the prevalence of HSV-2, EBV, and CMV among children in
Nanjing, China.
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FIGURE 4

Seasonal distribution of the three herpesviruses (HSV-2, EBV, and CMV) from 2018 to 2023.
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Conclusion

In conclusion, our study showed that the overall prevalence of
HSV-2 was 0.32%, EBV 14.99%, and CMV 8.88% in outpatient and
inpatient children, and the annual incidences of HSV-2, EVB, and
CMV show a decreasing trend from 2018 to 2023. HSV-2 and CMV
show no clear seasonal variation, whereas EBV typically increases
during the summer and autumn. Outpatients were more often
found to be positive detection for EBV and CMV but this was
basically equal to inpatients for HSV-2. The peaked detection rate
for HSV-2, EBV, and CMV is among patients aged 1-3 years, 3-7
years, and 28 days to 1 year, respectively.

Data availability statement

The raw data supporting the conclusions of this article will be
made available by the authors, without undue reservation.

Ethics statement

The studies involving humans were approved by the Medical
Ethics Committee of Children’s Hospital, Nanjing University
School of Medicine. The studies were conducted in accordance
with the local legislation and institutional requirements. The human
samples used in this study were acquired from previous biological
samples of participants. This study did not require additional
biological samples, and directly adopted the results of the clinical
testing of the participants’ previous biological samples, to conduct
retrospective research. Written informed consent for participation
was not required from the participants or the participants’ legal
guardians/next of kin in accordance with the national legislation
and institutional requirements.

References

Armangue, T., Spatola, M., Vlagea, A., Mattozzi, S., Carceles-Cordon, M., Martinez-
Heras, E., et al. (2018). Frequency, symptoms, risk factors, and outcomes of
autoimmune encephalitis after herpes simplex encephalitis: a prospective
observational study and retrospective analysis. Lancet Neurology. 17, 760-772.
doi: 10.1016/S1474-4422(18)30244-8

Ayoub, H. H.,, Amara, I, Awad, S. F., Omori, R., Chemaitelly, H., and Abu-Raddad,
L.J. (2021). Analytic characterization of the herpes simplex virus type 2 epidemic in the
United States, 1950-2050. Open Forum Infect. Dis. 8, ofab218. doi: 10.1093/ofid/
ofab218

Beader, N., Kolari¢, B., Slacanac, D., Tabain, I, and Vilibic-Cavlek, T. (2018).
Seroepidemiological study of Epstein-Barr virus in different population groups in
Croatia. Isr. Med. Assoc. J. 20, 86-90.

Chen, Y. (2019). Analysis of TORCH screening results of 2917 women of
childbearing age in Fuzhou, Fujian province. J. Med. Theor. Prac. 32, 2809-2811.
doi: 10.19381/j.issn.1001-7585.2019.17.071

Chen, Q., Hu, Z., and Zhang, Q. H. (2013). Analysis of Epstein Barr virus infection in
761 hospitalized children. Zhongguo Dang Dai Er Ke Za Zhi. 15, 183-186. doi: 10.7499/
1.issn.1008-8830.2013.03.005

Cole, S. (2020). Herpes simplex virus: epidemiology, diagnosis, and treatment. Nurs.
Clin. North Am. 55, 337-345. doi: 10.1016/j.cnur.2020.05.004

Cui, J., Yan, W, Xu, S., Wang, Q., Zhang, W, Liu, W., et al. (2018). Anti-Epstein-
Barr virus antibodies in Beijing during 2013-2017: What we have found in the different
patients. PloS One 13, €0193171. doi: 10.1371/journal.pone.0193171

Frontiers in Cellular and Infection Microbiology

10.3389/fcimb.2024.1448533

Author contributions

MW: Writing - original draft, Writing - review & editing. YZ:
Writing - review & editing, Data curation, Investigation. ZL:
Writing - review & editing, Formal analysis. QL: Writing -
review & editing. TC: Formal analysis, Conceptualization, Writing
- review & editing. JM: Writing — original draft, Writing - review &
editing, Conceptualization, Funding acquisition, Resources.

Funding

The author(s) declare financial support was received for the
research, authorship, and/or publication of this article. This work
was funded by the Nanjing Special Fund for Health science and
Technology Development Program of China (grant no. YKK21154,
2021). The funder had no role in study design, data collection and
analysis, decision to publish, or preparation of the manuscript.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be
construed as a potential conflict of interest.

Publisher’'s note

All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations,
or those of the publisher, the editors and the reviewers. Any product
that may be evaluated in this article, or claim that may be made by its
manufacturer, is not guaranteed or endorsed by the publisher.

Devkota, K., He, M., Liu, M. Y., Li, Y., and Zhang, Y. (2018). Increasing Epstein-Barr
virus infection in Chinese children: A single institutional based retrospective study.
FI1000Res 7, 1211. doi: 10.12688/f1000research.15544.2

Ding, Z., Wu, H,, Wu, C, Lu, Q, and Lin, J. (2020). Surveillance for notifiable
communicable diseases in the context of emergency response to COVID-19 in
Zhejiang. Dis. Surveillance. 35, 746-752. doi: 10.3784/j.issn.1003-9961.2020.08.015

Fedyanina, O. S., Filippova, A. E,, Demina, O. I, Zhuliabina, O. A., Tikhomirov, D.
S., Filatov, A. V., et al. (2021). The nature and clinical significance of atypical
mononuclear cells in infectious mononucleosis caused by the Epstein-Barr virus in
children. J. Infect. Dis. 223, 1699-1706. doi: 10.1093/infdis/jiaa601

Franci, G., Crudele, V., Rocca, M. T. D., Melardo, C., Chianese, A., Finamore, E., et al.
(2019). Epstein-Barr virus seroprevalence and primary infection at the university
hospital Luigi Vanvitelli of Naples from 2007 to 2017. Intervirology 62, 15-22.
doi: 10.1159/000496828

Hoehl, S., Berger, A., Ciesek, S., and Rabenau, H. F. (2020). Thirty years of CMV
seroprevalence-a longitudinal analysis in a German university hospital. Eur. J. Clin.
Microbiol. Infect. Dis. 39, 1095-1102. doi: 10.1007/s10096-020-03814-x

Huai, P, Li, F, Li, Z,, Sun, L., Fu, X,, Pan, Q,, et al. (2019). Seroprevalence and
associated factors of HSV-2 infection among general population in Shandong Province,
China. BMC Infect. Dis. 19, 382. doi: 10.1186/s12879-019-3995-2

Huang, K., Lai, Y., Lee, C,, Lin, Y., Tsai, C., Chu, L., et al. (2022). Seroprevalence and
risk factors for cytomegalovirus infection among pregnant women in southern Taiwan,
2014-2015. Taiwan J. Obstet. Gynecol. 61, 323-328. doi: 10.1016/j.tjog.2022.02.022

frontiersin.org


https://doi.org/10.1016/S1474-4422(18)30244-8
https://doi.org/10.1093/ofid/ofab218
https://doi.org/10.1093/ofid/ofab218
https://doi.org/10.19381/j.issn.1001-7585.2019.17.071
https://doi.org/10.7499/i.issn.1008-8830.2013.03.005
https://doi.org/10.7499/i.issn.1008-8830.2013.03.005
https://doi.org/10.1016/j.cnur.2020.05.004
https://doi.org/10.1371/journal.pone.0193171
https://doi.org/10.12688/f1000research.15544.2
https://doi.org/10.3784/j.issn.1003-9961.2020.08.015
https://doi.org/10.1093/infdis/jiaa601
https://doi.org/10.1159/000496828
https://doi.org/10.1007/s10096-020-03814-x
https://doi.org/10.1186/s12879-019-3995-2
https://doi.org/10.1016/j.tjog.2022.02.022
https://doi.org/10.3389/fcimb.2024.1448533
https://www.frontiersin.org/journals/cellular-and-infection-microbiology
https://www.frontiersin.org

Wei et al.

Huang, Y., Li, T, Yu, H,, Tang, J., Song, Q., Guo, X,, et al. (2021). Maternal CMV
seroprevalence rate in early gestation and congenital cytomegalovirus infection in a
Chinese population. Emerg. Microbes Infect. 10, 1824-1831. doi: 10.1080/
22221751.2021.1969290

James, C., Harfouche, M., Welton, N. J., Turner, K. M., Abu-Raddad, L. J., Gottlieb,
S. L., et al. (2020). Herpes simplex virus: global infection prevalence and
incidence estimates, 2016. Bull. World Health Organ. 98, 315-329. doi: 10.2471/
BLT.19.237149

Kadambari, S., Pollard, A. J., Goldacre, M. J., and Goldacre, R. (2020). Congenital
viral infections in England over five decades: a population-based observational study.
Lancet Infect. Dis. 20, 220-229. doi: 10.1016/S1473-3099(19)30416-5

Kasahara, Y., and Yachie, A. (2002). Cell type specific infection of Epstein-Barr virus
(EBV) in EBV-associated hemophagocytic lymphohistiocytosis and chronic active EBV
infection. Crit. Rev. Hematol. 44, 283-294. doi: 10.1016/s1040-8428(02)00119-1

Kuri, A., Jacobs, B. M., Vickaryous, N., Pakpoor, J., Middeldorp, J., Giovannoni, G.,
et al. (2020). Epidemiology of Epstein-Barr virus infection and infectious
mononucleosis in the United Kingdom. BMC Public Health 20, 912. doi: 10.1186/
$12889-020-09049-x

Lan, K, and Luo, M. (2017). Herpesviruses: epidemiology, pathogenesis, and
interventions. Virol. Sin. 32, 347-348. doi: 10.1007/s12250-017-4108-2

Lanzieri, T. M., Kruszon-Moran, D., and Link-Gelles, R. (2021). Breastfeeding
duration and cytomegalovirus seroprevalence among US children aged 1-5 years: the
national health and nutrition examination surveys, 2011-2012 and 2017-2018. Clin.
Infect. Dis. 73, €275-€276. doi: 10.1093/cid/ciaal900

Lao, S., Flagg, E. W., and Schillinger, J. A. (2019). Incidence and characteristics of
neonatal herpes: comparison of two population-based data sources, New York City,
2006-2015. Sex Transm. Dis. 46, 125-131. doi: 10.1097/OLQ.0000000000000923

Lin, H., He, N,, Su, M., Feng, J., Chen, L., and Gao, M. (2011). Herpes simplex virus
infections among rural residents in eastern China. BMC Infect. Dis. 11, 69. doi: 10.1186/
1471-2334-11-69

Liu, G., Hai, R,, and Liu, F. (2017). Detection of congenital cytomegalovirus in
newborns using nucleic acid amplification techniques and its public health
implications. Virol. Sin. 32, 376-386. doi: 10.1007/s12250-017-4055-y

Noor, A., Panwala, A., Forouhar, F,, and Wu, G. Y. (2018). Hepatitis caused by
herpes viruses: a review. J. Dig. Dis. 19, 446-455. doi: 10.1111/1751-2980.12640

Olsson, J., Kok, E., Adolfsson, R., Lovheim, H., and Elgh, F. (2017). Herpes virus
seroepidemiology in the adult Swedish population. . Immun. Ageing 14, 10.
doi: 10.1186/s12979-017-0093-4

Piret, J., and Boivin, G. (2020). Inmunomodulatory strategies in herpes simplex virus
encephalitis. Clin. Microbiol. Rev. 33, €00105-e00119. doi: 10.1128/CMR.00105-19

Reward, E. E., Muo, S. O, Orabueze, I. N. A, and Ike, A. (2019). Seroprevalence of
herpes simplex virus types 1 and 2 in Nigeria: a systematic review and meta-analyses.
Pathog. Glob. Health 113, 5, 229-237. doi: 10.1080/20477724.2019.1678938

Rico, A., Dollard, S. C., Valencia, D., Corchuelo, S., Tong, V. T., Laiton-Donato, K.,
et al. (2021). Epidemiology of cytomegalovirus Infection among mothers and infants in
Colombia. J. Med. Virol. 93, 6393-6397. doi: 10.1002/jmv.26815

Frontiers in Cellular and Infection Microbiology

07

10.3389/fcimb.2024.1448533

Sanchez-Aleman, M. A,, Villar-Tapia, Y. G. D., Gutierrez, J. P., Garcia-Cisneros, S.,
Olamendi-Portugal, M. L., Herrera-Ortiz, A., et al. (2018). Heterogeneity of herpes
simplex virus type 2 seroprevalence from a national probability survey in Mexico, 2012.
Sex Transm. Dis. 45, 111-117. doi: 10.1097/OLQ.0000000000000702

Sharifipour, S., and Rad, K. D. (2020). Seroprevalence of Epstein-Barr virus among
children and adults in Tehran, Iran. New Microbes New Infect. 34, 100641. doi: 10.1016/
j-nmni.2019.100641

Shi, T., Huang, L., Chen, Z., and Tian, J. (2021). Characteristics of primary Epstein-
Barr virus infection disease spectrum and its reactivation in children, in Suzhou, China.
J. Med. Virol. 93, 5048-5057. doi: 10.1002/jmv.26941

Shi, T., Huang, L., and Tian, J. (2022). Prevalence of Epstein-Barr Viral DNA among
children at a single hospital in Suzhou, China. J. Pediatr. (Rio J) 98, 142-146.
doi: 10.1016/j.jped.2021.05.006

Shi, J., Ma, W., and Li, W. (2020). Epidemiologic features of children with Epstein-
Barr virus associated diseases in Hangzhou, China. J. Med. Virol. 92, 1277-1282.
doi: 10.1002/jmv.25633

Tang, Z., Li, H,, Li, Y., Lv, M,, Xu, X,, Zeng, J., et al. (2020). Epstein-Barr virus EA-
IgA, VCA-IgA, and EBVNA-IgG antibodies in a population of Wuhan, China. Curr.
Med. Sci. 40, 168-171. doi: 10.1007/s11596-020-2160-x

Winter, J. R, Taylor, G. S., Thomas, O. G., Jackson, C., Lewis, J. E. A., and Stagg, H. R.
(2020). Factors associated with cytomegalovirus serostatus in young people in England:
a cross-sectional study. BMC Infect. Dis. 20, 875. doi: 10.1186/s12879-020-05572-9

Xiao, J., Dai, ], Hu, J,, Liu, T, Gong, D., Li, X,, et al. (2021). Co-benefits of
nonpharmaceutical intervention against COVID-19 on infectious diseases in China: A
large population-based observational study. Lancet Reg. Health West Pac. 17, 100282.
doi: 10.1016/j.Janwpc.2021.100282

Xing, H., Yu, W,, and Li, Y. (2016). Measuring and assessing HIV/AIDS stigma and
discrimination among migrant workers in Zhejiang, China. BMC Public Health 16, 845.
doi: 10.1186/s12889-016-3518-7

Ye, Z., Chen, L., Zhong, H., Cao, L., Fu, P, and Xu, J. (2023). Epidemiology and
clinical characteristics of Epstein-Barr virus infection among children in Shanghai,
China, 2017-2022. Front. Cell. Infect. Microbiol. 13. doi: 10.3389/fcimb.2023.1139068

Zhang, L., Xu, Y., Chen, D., Zhang, T., Zang, J., Zhang, Q., et al. (2017). A correlation
analysis on TORCH screening results of 62141 women at childbearing age in Wuxi.
Anhui Med. Pharm. J. 21, 2229-2232. doi: 10.3969/j.issn.1009-6469.2017.12.025

Zhang, T., Yang, Y., Yu, F,, Zhao, Y., Lin, F., Minhas, V., et al. (2014) Kaposi's
sarcoma associated herpesvirus infection among female sex workers and general
population women in Shanghai, China: a cross-sectional study. BMC Infect. Dis. 14,
58. doi: 10.1186/1471-2334-14-58

Zhou, Q., Wang, Q., Shen, H., Zhang, Y., Zhang, S., Li, X, et al. (2021).
Seroprevalence of cytomegalovirus and associated factors among preconception
women: A cross-sectional nationwide study in China. Front. Public Health 9.
doi: 10.3389/fpubh.2021.631411

Zuhair, M., Smit, G. S. A., Wallis, G., Jabbar, F., Smith, C., Devleesschauwer, B., et al.
(2019). Estimation of the worldwide seroprevalence of cytomegalovirus: A systematic
review and meta-analysis. Rev. Med. Virol. 29, €2034. doi: 10.1002/rmv.2034

frontiersin.org


https://doi.org/10.1080/22221751.2021.1969290
https://doi.org/10.1080/22221751.2021.1969290
https://doi.org/10.2471/BLT.19.237149
https://doi.org/10.2471/BLT.19.237149
https://doi.org/10.1016/S1473-3099(19)30416-5
https://doi.org/10.1016/s1040-8428(02)00119-1
https://doi.org/10.1186/s12889-020-09049-x
https://doi.org/10.1186/s12889-020-09049-x
https://doi.org/10.1007/s12250-017-4108-2
https://doi.org/10.1093/cid/ciaa1900
https://doi.org/10.1097/OLQ.0000000000000923
https://doi.org/10.1186/1471-2334-11-69
https://doi.org/10.1186/1471-2334-11-69
https://doi.org/10.1007/s12250-017-4055-y
https://doi.org/10.1111/1751-2980.12640
https://doi.org/10.1186/s12979-017-0093-4
https://doi.org/10.1128/CMR.00105-19
https://doi.org/10.1080/20477724.2019.1678938
https://doi.org/10.1002/jmv.26815
https://doi.org/10.1097/OLQ.0000000000000702
https://doi.org/10.1016/j.nmni.2019.100641
https://doi.org/10.1016/j.nmni.2019.100641
https://doi.org/10.1002/jmv.26941
https://doi.org/10.1016/j.jped.2021.05.006
https://doi.org/10.1002/jmv.25633
https://doi.org/10.1007/s11596-020-2160-x
https://doi.org/10.1186/s12879-020-05572-9
https://doi.org/10.1016/j.lanwpc.2021.100282
https://doi.org/10.1186/s12889-016-3518-7
https://doi.org/10.3389/fcimb.2023.1139068
https://doi.org/10.3969/j.issn.1009-6469.2017.12.025
https://doi.org/10.1186/1471-2334-14-58
https://doi.org/10.3389/fpubh.2021.631411
https://doi.org/10.1002/rmv.2034
https://doi.org/10.3389/fcimb.2024.1448533
https://www.frontiersin.org/journals/cellular-and-infection-microbiology
https://www.frontiersin.org

	Epidemiological characteristics of three herpesviruses infections in children in Nanjing, China, from 2018 to 2023
	Introduction
	Materials and methods
	Ethics statement
	Study population and sample collections
	Specimens nucleic acid testing
	Statistical analysis

	Results
	Demographic characteristics
	Viral prevalence
	Age distribution
	Seasonal distribution

	Discussion
	Conclusion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Conflict of interest
	Publisher’s note
	References


