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Epstein-Barr virus (EBV) is very common, with the infection rate in adults over 90% worldwide. Infectious
mononucleosis (IM) is caused by primary infection with EBV. Most IM patients are generally considered to have a
favorable prognosis, but a few patients will also develop complications. Children with severe symptoms will
require hospitalization. However, the disease burden of children hospitalized with IM in China has been rarely
described. In this study, we included the Face sheets of discharge medical records from 27 member children's
hospitals of Futang Research Center of Pediatric Development from Jan 1st, 2016 to Dec 31st, 2020, and medical
information such as gender, age, region, time of admission, length of stay and expenditure were extracted. There
were 24,120 IM cases, which accounted for 0.42% (24,120/5,693,262) of all hospitalized cases during this period.
The ratio of male to female was 1.48:1. Hospitalization for IM in the 4-6 years age group was the highest among
inpatients of all age groups. Case numbers increased year by year between 2016 and 2020, and the monthly
hospitalization was generally high from Jul to Sep but reduced from Jan to Feb per year. Bronchitis/pneumonia
and hepatic dysfunction were two common complications in hospitalized IM patients. The median length of stay
was 8 days, and the median cost of hospitalization was 970.59 US dollars. This study will help understand the
epidemiological characteristics and disease burden of hospitalized children with IM in China.

1. Introduction (Odumade et al., 2011). Antibodies against EBV can be found in more

than 90% of adults (Klutts et al., 2009). Primary EBV infection can lead to

Epstein-Barr virus (EBV) is a virus with envelope and double-stranded
DNA. It is a human lymphotropic herpes virus, belonging to the family
Herpesviridae, genus Lymphocryptovirus, y-subfamily (Odumade et al.,
2011). In 1968, EBV was confirmed to be associated with infectious
mononucleosis (IM) (Shurin, 1979). EBV is mainly transmitted through
saliva, blood transfusion, and organ transplantation (Dunmire et al.,
2015, 2018; Lennon et al., 2015). After being infected with EBV, the
individual becomes a lifelong carrier of this virus. The latent virus in the
pharynx can be reactivated and excreted. Thus, the long-term carrier
serves as an important source of infection. EBV infection is very common
in the general population, with a high infection rate worldwide

* Corresponding authors.

IM, as well as some serious non-neoplastic diseases that can seriously
affect the health and quality of life of the children, such as chronic active
EBV infection (Kimura and Cohen, 2017) and EBV-associated hemo-
phagocytic lymphohistiocytosis (EBV-HLH) (Ishii, 2016). In addition,
EBV infection is also closely associated with various tumors, including
Burkitt's lymphoma, nasopharyngeal carcinoma, Hodgkin's lymphoma,
EBV-associated gastric carcinoma, and a variety of malignant tumors in
patients with either congenital or acquired immunodeficiency (Dunmire
et al., 2015).

IM is a clinical syndrome caused by primary EBV infection, which is
characterized by a long incubation period of six weeks (Dunmire et al.,
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2018). Laboratory examination shows an increase in peripheral blood
lymphocytes and atypical lymphocytes (Fernbach and Starling, 1972;
Naughton et al., 2021). In children, the typical clinical manifestations of
IM are the classic triad consisting of fever, pharyngitis, and lymphade-
nopathy, sometimes accompanied by edema of eyelids, hep-
atosplenomegaly, liver dysfunction (Gao et al., 2011; Hu et al., 2021).
Adult IM patients may present with a sore throat, lymphadenopathy, and
fatigue (Gao et al., 2011; Dunmire et al., 2015).

In developed countries, IM mainly occurs in adolescents and young
adults. Primary EBV infection in children under 6 years (y) old is mostly
asymptomatic or only presents non-specific manifestations such as upper
respiratory symptoms. Data from a prospective study at the University of
Minnesota showed that 74% of college students aged 18-22 who were
experiencing EBV infection were considered IM patients (Dunmire et al.,
2015). However, as a developing country, a high incidence of IM in China
was found in the preschoolers, among which children aged 4-6 years
reach the peak (Hu et al., 2021).

IM is a benign self-limiting disease with a favorable prognosis in most
cases, while some patients may be complicated with pneumonia, en-
cephalitis, and myocarditis, and a few may present severe complications
such as HLH (Fernbach and Starling, 1972; Ishii, 2016). There are few
multicenter studies on the clinical, epidemiological characteristics, and
disease burden of childhood IM in China. Due to the application of the
hospitals' electronic medical record management system, the medical
data generated during the hospitalization of patients can be summarized
into a Face sheet of discharge medical records (FSMRs) (Feng et al.,
2019). Based on China's national pediatric patient medical record data-
base, FSMRs of 5,693,262 inpatients from 27 tertiary children's hospitals
from Jan 1st, 2016 to Dec 31st, 2020 were included, and we extracted
relevant information for retrospective analysis. We aimed to summarize
and provide relevant data on the clinical epidemiology and disease
burden of IM in hospitalized children in China and provide a useful
reference to clinicians.

2. Materials and methods
2.1. Data sources

Futang Research Center of Pediatric Development (FRCPD) is the first
non-profit social service organization established in China to care for
children's life and health and engage in children's development research
(Feng et al., 2019). The center currently consists of 47 provincial and
municipal medical institutions and has established a nationwide chil-
dren's health service network (Guo et al., 2021). In Dec 2015, FRCPD
began to collect the data on FSMRs from its member hospitals. In 2020,
FRCPD developed a system for reporting and aggregating FSMRs' data,
with dedicated staff organizing and reviewing the uploaded data. It has
realized data sharing among member hospitals, improved data utilization
efficiency, and promoted all hospitals' common development and coop-
eration in FRCPD. The National Center for Children's Health (Beijing),
Beijing Children's Hospital, Capital Medical University collected the data
on the hospitalized children's medical records from Jan 1st, 2016, to Dec
31st, 2020, in 27 tertiary children's hospitals under the FRCPD, to form
the FUTang Updating medical REcords (FUTURE) database.

2.2. Research design

We designed this study to collect basic medical information of chil-
dren hospitalized with IM in the FUTURE database from 2016 to 2020,
and we extracted information from the system based on the tenth revi-
sion of the International Statistical Classification of Diseases and Related
Health Problems (ICD-10) code for children hospitalized with IM diag-
nosis. In detail, we extracted relevant medical information such as
gender, age, time of hospitalization, admission diagnosis, complications,
and hospitalization expenditure for analysis. The demographic infor-
mation is displayed in Table 1. Twenty-seven hospitals were divided into
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Table 1
Demographic information of children hospitalized with IM between Jan 1st,
2016, and Dec 31st, 2020.

Categories Hospitalization (%, n)
No. Patients 24,120
Gender
Male 59.64% (14,386)
Female 40.36% (9734)
Age (Years, y)
0-1y 0.47% (114)
1-3y 41.75% (10,070)
4-6y 38.45% (9274)
7-12y 17.89% (4315)
13-18y 1.44% (347)
Area
Northeast China 3.45% (831)
North China 18.23% (4397)

Northwest China

Central China

East China

South China

Southwest China
Year of Hospitalization

13.91% (3354)
17.52% (4227)
34.1% (8226)
5.32% (1284)
7.47% (1801)

2016 14.65% (3534)
2017 16.1% (3884)
2018 19.74% (4761)
2019 25.48% (6145)
2020 24.03% (5796)
Residence
Rural 30.1% (7260)
Urban 69.9% (16,860)

LOS (Lenth of stay, days, median IQR)
Expense (USD, median IQR)

8 (6-10)
970.59 (715.60-1343.29)

seven geographic regions according to China's geographic regions,
including east China, north China, central China, northwest China,
southwest China, south China, and northeast China. The geographic lo-
cations of the member hospitals are shown in Table 2. Hospitalized
children were divided into five groups according to age, including infant
(0-1y), toddler (1-3 y), preschooler (4-6 y), school-age children (7-12
y), adolescence (13-18 y).

2.3. Inclusion and exclusion criteria

This retrospective study collected basic medical information from the
FUTURE database for all children hospitalized with IM based on ICD-10
codes as selection criteria. The clinical manifestations and laboratory
tests of these 24,120 children met the proposed diagnostic criteria for IM
(Subspecialty Group of Infectious Diseases and Children, 2016; Xie et al.,
2018), and the complications were defined as reported previously
(Fernbach and Starling, 1972; Jenson, 2000; Hu et al., 2021). When the
aspartate aminotransferase (AST) or alanine aminotransferase (ALT) is
elevated two or more times the upper limit of reference, without other
causes of elevated AST or ALT, it can be diagnosed that the existence of
IM is complicated by hepatic dysfunction. Data of children who had
unclear gender, ethnicity, and disease burden were excluded. Patients
aged >18 years who belonged to general hospitals with adult de-
partments were excluded.

2.4. Statistical analysis

The number of children hospitalized due to IM was presented in ab-
solute percentages. Categorical variables such as gender, age, regional,
year distribution, and the complication grouping were described in ab-
solute percentages. The length of stay (LOS) and expenditure were pre-
sented in the median and interquartile range (IQR) to assess the major
and discrete trends in the data. The chi-square test or Fisher exact test
compared the percentages between groups for unordered categorical
variables. For non-normally distributed and ordered categorical data, the
nonparametric Wilcoxon test or Kruskal-Wallis test was conducted for the
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Table 2
The geographic distribution and hospitalization of 27 children's hospitals in the
FUTang Updating medical REcords (FUTURE) database.

Region Hospitals in FUTURE database Cases
(n)
Northeast 831
China
Changchun Children's Hospital 71
Liaoning Children's Hospital 307
Dalian Women and Children's Medical Group 453
North China 4397
Beijing Children's Hospital, Capital Medical University 1054
Children's Hospital of Hebei Province 1165
Baoding Children's Hospital 897
Inner Mongolia Maternity and Child Health Care 183
Hospital
Children's Hospital of Shanxi 1098
Northwest 3354
China
Urumgi Children's Hospital 394
Xi'an Children's Hospital 2682
Qinghai Province Women and Children's Hospital 10
Gansu Provincial Maternity and Child-care Hospital 268
Central China 4227
Henan Children's Hospital 1172
Hunan Children's Hospital 1553
Wuhan Children's Hospital, Tongji Medical College, 1502
Huazhong University of Science & Technology
East China 8226
Children's Hospital Affiliated to Shandong University 787
Women and Children Hospital in Liaocheng 566
Children's Hospital of Nanjing Medical University 2432
Children's Hospital of Soochow University 1159
Hangzhou Children's Hospital 702
Fuzhou Children's Hospital of Fujian Province 173
Anhui Provincial Children's Hospital 1260
Jiangxi Provincial Children's Hospital 1147
South China 1284
Liuzhou Maternity and Child HealthCare Hospital 5
Shenzhen Children's Hospital 1279
Southwest 1801
China
Guiyang Children's Hospital 487
Kunming Children's Hospital 1314

group comparison. All statistical data were analyzed using SPSS 19.0
software (SPSS Inc., USA). P-value < 0.05 was considered statistically
significant.

3. Results
3.1. Demographics

Based on ICD-10 disease codes, we collected information of 24,120
hospitalized children diagnosed with IM among 27 hospitals, from Jan
1st, 2016, to Dec 31st, 2020, under the FUTURE database (Table 1). From
2016 to 2020, 24,120 children were hospitalized with IM, accounting for
0.42% (24,120/5,693,262) of all hospitalized cases. Among these chil-
dren, males accounted for 59.64% (14,386 cases), females accounted for
40.36% (9734 cases), and the male to female ratio was 1.48 (Table 1).
The proportions of males were more than that of females in different
regions, age groups, admission years, and residence (Fig. 1A-D). In all IM
hospitalized cases, the children aged 1-3 years old accounted for 41.75%
(10,070 cases), followed by 4-6 years old, 7-12 years old, 13-18 years
old, and 0-1 year old, accounted for 38.45% (9274 cases), 17.89% (4315
cases), 1.44% (347 cases), and 0.47% (114 cases), respectively; in terms
of the regional distribution, the number of hospital admissions for chil-
dren in east China was the largest, accounting for 34.1% (8226 cases),
then, number of admissions in north China ranked second, accounting for
18.23% (4397 cases), followed by central China, northwest China,
southwest China, south China, and northeast China, with proportions of
17.52% (4227 cases), 13.91% (3354 cases), 7.47% (1801 cases), 5.32%
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(1284 cases), and 3.45% (831 cases), respectively (Table 1). The number
of annual hospitalizations due to IM increased year by year, among which
the number of admissions in 2019 was the largest with a proportion of
25.48% (6145 cases), and that number in 2020 slightly decreased when
compared with that in the previous year. Hospitalized children with IM
living in urban and rural areas accounted for 69.9% (16,860 cases) and
30.1% (7260 cases), respectively. The median LOS for hospitalized IM
patients was 8 d (IQR 6-10), and the median expense was 970.59 USD
(IQR 715.60-1343.29) from 2016 to 2020.

3.2. Ratios of IM hospitalizations by region, age, year, and residence

We analyzed the ratios of IM hospitalization to total hospitalization
within the corresponding groups in different regions and age groups. As
shown in Fig. 2, the highest and lowest ratios of IM hospitalization were
found in north China (0.53%, 4397,/825,410) and south China (0.30%,
1284/421,288), respectively, and the ratios of east China (0.44%, 8226/
1,890,164), northwest China (0.43%, 3354/772,883), southwest China
(0.41%, 1801/439,962), central China (0.39%, 4227/1,095,411), and
northeast China (0.33%, 831/248,144) were similar (Fig. 2A); In
different age groups, the highest ratio of 0.85% (9274/1,096,791) was
observed in children aged 4-6 y, followed by 1-3y, 7-12y, 13-18 y, 0-1
y, with 0.45% (10,070/2,239,404), 0.42% (4315/1,028,939), 0.19%
(347/180,665), 0.01% (114/1,147,463), respectively (Fig. 2B). Mean-
while, we found that the ratio of hospitalizations for IM increased year by
year between 2016 and 2020, from 0.35% (3534/1,017,037) in 2016 to
0.58% (5796/1,005,594) in 2020 (Fig. 2C). IM hospitalization ratios for
rural and urban children were 0.37% (7260/1,978,443) and 0.45%
(16,860/3,714,819), respectively (Fig. 2D).

3.3. Seasonality of hospitalization with IM

Based on the data in our study, the admission time of children with IM
may be seasonal to some extent (Fig. 3). The hospitalization peaked from
Jul to Sep each year, gradually decreased month by month, dropped to
the minimum between Dec and Feb, and gradually increased again until
reaching a peak in Jul to Sep of the year (Fig. 3).

3.4. Complications

Among those who were admitted to the hospital with the diagnosis of
IM, 29.56% (7130/24,120) had no complications, whereas 70.44%
(16,990/24,120) had (Fig. 4). We ranked the children according to the
proportion of complications, enumerated the complications ranked top
five, and defined the other associated complications as “Others” (mainly
including neutropenia, thrombocytopenia, sepsis.) with a percentage of
28.71% (6925/24,120, Fig. 4). The largest proportion of children with
bronchitis/pneumonia was found, which accounted for 21.9% (5282/
24,120) of the total, and the second was hepatic dysfunction with
17.49% (4218/24,120). Myocardial damage, anemia, and encephalitis
were miserly 1.61% (388/24,120), 0.57% (138/24,120), and 0.16%
(39/24,120) of the total, respectively. Statistical analysis shows differ-
ences in the composition of complications across age groups. Bronchitis/
Pneumonia was the main complication in hospitalized IM patients aged
under 6-year-old, while hepatic dysfunction was dominant in inpatients
over 7-year-old (Supplementary Table S1).

3.5. LOS and hospitalization expense

We conducted statistical analysis on the data of LOS and hospitali-
zation cost of the IM children (Table 3), and found that the median LOS
was 8 d (IQR 6-10) and the median hospitalization cost was 970.59 USD
(IQR 715.60-1343.29). According to the classification, we found differ-
ences in LOS and costs between gender, age groups, regions, and
admission years (P < 0.05). In detail, the median LOS in males was
shorter than in females (Z = 3.270, P = 0.001), and the LOS in the 7-12'y



M. Liu et al. Virologica Sinica 37 (2022) 637-645

>
w

< Southwest | o 13-18y |
Q 8
g North| | >
= g 712y} |
O Northwestf | s
D c
£ 5 46vp |
= East | _,}15’ y
S Central| [ <
L entra =
: g
o South} | 5
2 s ol
S Northeast} | s
I} [}
S 2
0 50 e 50 0 50
Male Female © Male Female
— S
£ 2020} | p
s 3
8 c Urban
= =
2 2019f | 8
S )
g =
= g
£ 2018} | 5
kel <
T
Q S Rural
g 2017} | g
5 g
= 5
g 2016 | s
[ o]
V) 2
ko] 4.
50 0 50 © 50 0 50
Male Female Male Female

Fig. 1. Gender proportion of hospitalized children with IM in different areas (A), age groups (B), years of admission (C), and residence (D).

A
s s
= 06 s 1or
= E
[ = ——ey
5= S osf
T [
N N o
g5 04F s 3
a8 ! 5 06
8 = S o
£ c = %
s g o - 04F
SE 02} 58
2 8 02
s g .
g s | |
[0} (0]
< < 0.0
= Northeast North Northwest Central  East South Southwest F

0-1y 13y 46y 7-12y 13-18y
Region of China Age group
D

(@]

= =

; 0.6 = 0.6

= — g

s &=

T® < — T o —

‘% % 04} '}—Ng g 0.4k

= o= ]

29 28

£ c -E 5

k] § 65

s 02r 5% 02F

£ 52

o o

[0} [0}

< 0.0 < 0.0

= 2016 2017 2018 2019 2020 = Rural Urban
Year Residence

Fig. 2. The ratio of IM hospitalizations to total hospitalizations in different regions of China (A), age groups (B), years (C), and residence (D). Statistical analyses were
performed using the chi-square test or Fisher exact test. A P-value < 0.05 was considered statistically significant.

640



M. Liu et al.

Percentage of monthly hospitalized children

°

14%
12%
10%
8%
(Year)

R
©

4%
2%
0%

2017 2018 2019 2020

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
2016

186 193 202 266 311 377 373 412 385 320 244 198 188 208 279 266 322 403 413 484 424 329 332 236 214 205 279 391 450 489 463 459 477 427 418 345 316 310 406 481 553 582 627 664 646 601 516 443 387 305 420 344 430 489 560 714 670 574 526 377

~——o— Percentage 5.36 5.57 5.83 7.67 8.97 10.8 10.7 11.8 11.1 9.23 7.04 5.71 4.84 5.36 7.18 6.85 8.29 10.3 10.6 12.4 10.9 8.47 8.55 6.08 4.49 4.31 5.86 8.21 9.45 10.29.72 9.64 10.0 8.97 8.78 7.25 5.14 5.04 6.61 7.83 9.00 9.47 10.2 10.8 10.5 9.78 8.40 7.21 6.68 5.26 7.25 5.94 7.42 8.44 9.66 12.3 11.5 9.90 9.08 6.50

o o

o = o o o o
=} S o o =} o =} =} =
«© ~ © wn < [5p) N = g
€
(u) uaipjiyo pazijendsoy Ajyjuow jo Jaqunn 3

Fig. 3. Monthly cases of children hospitalized for IM from Jan 1st, 2016, to Dec
31st, 2020.

641

Virologica Sinica 37 (2022) 637-645

was longer than that in the 4-6 y age group (Z = 3.170, P = 0.023), and
the 4-6 y age group was longer than the 1-3 y (Z = 3.999, P = 0.001).
LOS in children admitted to hospitals in east China was the longest. In
terms of hospitalization cost, the median hospitalization expenses were
118391 USD (IQR 874.59-1643.43) and 1197.17 USD (IQR
880.11-1649.54) for males and females, respectively, without statistical
significance (Z = 1.029, P = 0.303). The highest median expense was
found in the 13-18 y age group, with discrepancies in hospitalization
costs (Z =200.487, P < 0.001). We observed that in South China, the LOS
of children was the shortest (Z = 18.53, P < 0.001), and the expense was
the lowest (Z = 18.53, P < 0.001). The LOS and expense in 2016 were the
longest (Z = —4.28, P < 0.001) and the highest (Z = —5.664, P < 0.001).

Regarding the relationship between complications and the LOS and
cost, we found that the LOS without complications was shorter, and the
cost was less than that with complications (Fig. 5). The LOS of children
with hepatic dysfunction and encephalitis was the longest, and the LOS
and cost of children with hepatic dysfunction were higher than those of
children with encephalitis (Z = 3.449, P = 0.011), while there was no
statistical significance in LOS and expense among other groups (P >
0.05).

3.6. Death cases

Among the 24,120 IM children included in our study, six patients died
during hospitalization, accounting for 0.02% (6/24,120, Table 4).
Among them, four were male, two were female, the oldest was 14 years
old, and the rest were all under 6 years old; half patients were from East
China, and the other half were from Northwest China. HLH occurred in
four children between 2 and 6 years old.

4. Discussion

IM is an acute infectious disease caused by primary EBV infection,
usually is benign and self-limited. In this study, we summarized and
analyzed the FSMRs information data of 24,120 hospitalized children
with IM from 2016 to 2020 in China.

Our results indicate that the ratio of male to female is 1.48:1, with no
preference by region, age, or year of hospitalization, which is consistent
with the previous results reported in some literature. Kiran Devkota et al.
reported that the male to female ratio was 1.5:1 among pediatric patients
with EBV infection in Hubei, China (Devkota et al., 2018). Hu et al.
analyzed the epidemiological characteristics of children hospitalized for
IM in Beijing, China, and indicated that the male to female ratio was 1.6:1
(Hu et al., 2021). Keun Hyung Son et al. reported that the male-to-female
ratio of hospitalized children with IM in South Korea was 1.53:1 (Son and
Shin, 2011). In short, more hospitalized boys with IM were documented
than girls.

In terms of the at-risk age of onset, our results showed that children
hospitalized for IM were mainly 4-6 years old in China, which was
similar to the data analyzed by the single-center study of hospitalized IM
children (Gao et al., 2011; Hu et al., 2021). In China and other devel-
oping countries of Asia and Africa, most primary EBV infections occur in
children, especially preschoolers, who make up a large portion of IM
patients (Dunmire et al., 2015; Shi et al., 2022). However, in developed
countries, such as Western countries, the peak age of IM is mostly in
adolescence and adulthood (Dunmire et al., 2015). For instance, Dunmire
et al. suggested that the seroprevalence of EBV was lower in children than
in adolescents in the US (Dunmire et al., 2015, 2018). Exposure to
EBV-positive saliva is considered the primary transmission route in
young children, either through direct contact or food. Children in
developing countries acquire EBV infection in the first few years of life,
and seroconversion is usually established at 3-4 years of age, whereas
infection in developed countries tends to be delayed until adolescence
and beyond, which is considered a difference related to the socioeco-
nomic status (Chabay and Preciado, 2013). In addition, based on the
FUTURE database, we found that the ratio of IM hospitalization to total



M. Liu et al.

n=24,120

Virologica Sinica 37 (2022) 637-645

I No complication (n=7130)
Others (n=6925)

Bronchitis/Pneumonia (n=5282)
Hepatic dysfunction (n=4218)

I Myocardial damage (n=388)
Anemia (n=138)

I Encephalitis (n=39)

Fig. 4. Distribution of complications in children hospitalized for IM (n = 24,120).

Table 3
Basic information on LOS and hospitalization expense by gender, age, region, and admission year.

Categories LOS (d, Median IQR) ¥%/Z value P-value Expense (USD, IQR) x2/Z value P-value

Gender
Male 7 (6-10) 3.273 0.001" 1183.91 (874.59-1643.43) 1.029 0.303
Female 8 (6-10) 1197.17 (880.11-1649.54)

Age
0-1ly 7 (5-10) 51.580 <0.001" 1237.42 (798.57-1952.22) 200.487 <0.001°¢
1-3y 7 (6-10) 1149.25 (848.04-1574.73)
46y 8 (6-10) 1191.10 (883.47-1654.77)
7-12y 8 (6-10) 1264.30 (930.57-1778.34)
13-18y 8 (6-10) 1456.71 (1037.95-2076.81)

Region
Northeast China 8 (6-10) 1039.81 (823.13-1438.77)
North China 8 (7-10) 2626.443 <0.001¢ 1613.03 (1219.62-2064.10) 3985.074 <0.001°¢
Northwest China 7 (5-8) 934.97 (688.62-1279.94)
Central China 7 (6-9) 1042.53 (837.19-1372.43)
East China 8 (7-10) 1320.07 (997.35-1740.05)
South China 5 (4-6) 823.78 (661.01-1065.49)
Southwest China 7 (7-10) 1042.15 (833.52-1349.49)

Admission Year
2016 8 (6-10) 991.10 (697.55-1439.38)
2017 8 (6-10) 170.619 <0.001° 931.81 (686.81-1325.72) 27.518 <0.0018
2018 8 (6-10) 984.13 (720.45-1362.99)
2019 7 (6-9) 964.40 (720.72-1310.93)
2020 7 (6-9) 980.83 (731.38-1322.25)

2 Chi-squared test.

b Kruskal-Wallis test, 1-3 yvs.4-6y,Z = 3.999, P = 0.001; 4-6 y vs. 7-12'y, Z = 3.170, P = 0.023.

¢ Kruskal-Wallis test, 1-3 y vs. 4-6 y, Z = 6.141, P < 0.001; 4-6 y vs. 7-12y, Z = 6.752, P < 0.001; 7-12 y vs. 13-18 y, Z = 4.789, P < 0.001.

d Kruskal-Wallis test, East China vs. Southwest China, Z = —6.205, P < 0.001; Southwest China vs. Central China, Z = —6.812, P < 0.001; Central China vs. Northwest
China, Z = —7.600, P < 0.001; Northwest China vs. South China, Z = 18.530, P < 0.001.

¢ Kruskal-Wallis test, North China vs. Southwest China, Z = —6.205, P < 0.001; Northeast China vs. Central China, Z = —6.812, P < 0.001; Northwest China vs. South

China, Z = 0.708, P < 0.001.

f Kruskal-Wallis test, 2016 vs. 2017, Z = —5.664, P < 0.001; 2018 vs. 2019, Z = —3.624, P < 0.001.
8 Kruskal-Wallis test, 2016 vs. 2017, Z = —4.280, P < 0.001; 2018 vs. 2017, Z = 4.120, P < 0.001.

hospitalization in north China was higher than that in other regions,
which has not been reported before, and the underlying reasons for the
difference were unclear.

Moreover, our data showed that the hospitalization ratio for IM
increased between 2016 and 2020, indicating an upward trend in the
number of children with clinical symptoms requiring hospitalization
after primary EBV infection in China. Although the proportion of hos-
pitalizations due to IM to total hospitalizations had increased over the
years, 5796 hospitalizations in 2020 were recorded, showing a 5.68%
decrease relative to 2019. This decline may be related to prevention
measures such as wearing masks and social distance to prevent the
COVID-19 epidemic.
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Younger children primarily infected with EBV are mostly asymp-
tomatic, while adolescents and young adults with primary EBV infection
are more likely to develop IM (Dunmire et al., 2018). Xiong et al. re-
ported that EBV seropositivity rates dropped among young children in
China (Xiong et al., 2014). Other papers described that the EBV sero-
prevalence of children within the same age group in different regions
gradually decreased in recent years to a certain extent (Fourcade et al.,
2017; Kuri et al., 2020), which suggested that the age of primary EBV
infection may be increasing with an increased number of adolescent IM
patients, which may be related to the year-over-year ratio of IM hospi-
talizations. Our previous serological study based on 733 children un-
dergoing elective surgery found that the age of onset of primary EBV
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Table 4

Basic sociodemographic information and disease burden of six dead children hospitalized for IM.

No. Gender Age (y) Region Admission Time (month, year) Complication LOS (d) Expense (USD)
1 Male 1 East China Aug 2016 Sepsis 7 6121.96
2 Male 2 Northwest China May 2017 HLH 18 6505.54
3 Male 3 East China Dec 2019 HLH 7 4407.16
4 Female 5 East China Feb 2017 HLH 4 2520.74
5 Male 6 Northwest China Oct 2020 HLH 6 2974.32
6 Female 14 Northwest China Apr 2017 Leukemia 4 3036.55

infection was delayed in 2012 compared with that in the 1980s and is
still further delayed as economic conditions improved (Liu et al., 2012).
More urban residents than rural residents were hospitalized for IM in
children, also a higher proportion of urban residents were hospitalized
for IM, which may still be caused by the difference in socioeconomic
status between urban and rural areas (Gao et al., 2011; Hu et al., 2021).
Better medical conditions in the urban set promote more active medical
visits, while reduced visit and hospitalization rates are found in rural
patients.

We observed that the cases of IM admissions were higher from Jul
through Sep and then decreased month by month, reaching a minimum
in Feb of the following year, and then it rose again. The data for
2016-2020 were all in line with this trend. A four-year study in Israel
revealed that the incidence of IM was highest in summer (Grotto et al.,
2003). Moreover, another retrospective study showed that the incidence
of IM in Israel peaked in the warm months (Jun-Aug) and then decreased
(Levine et al., 2012). However, there have been inconsistent conclusions.
A survey result published in 1972 suggested that the high-incidence
month of onset of IM in Atlanta, USA was mainly in late winter and
early spring (Heath et al., 1972).

Nonetheless, no seasonal pattern was also recognized in children of IM
who were under 15 years old in London, UK (Newell, 1957), and another
study analyzed IM cases from 1996 to 2001 and found that the temporal
distribution of IM showed no obvious seasonality under the age of 15 who
were hospitalized with IM (Chan et al., 2003). Due to regional and pop-
ulation differences, reports on the seasonal distribution of IM were
inconsistent. We assume that the summer vacation in China from Jul to Sep
may contribute to this annual trend, during which children spend a long
time with family members. These family members are carriers who had
been infected with EBV. In addition, EBV can be reactivated and secreted
with saliva at varying times. Thus, children could be infected with EBV by
sharing cups or utensils with family members during daily activities.
However, there is no clear evidence to prove this hypothesis.

Generally, the prognosis of IM is favorable, and a few patients
developed complications. Fernbach et al. pointed out that the compli-
cations of IM in children were as follows, encephalitis and neuritis,
pneumonia, hepatic dysfunction, myocarditis, thrombocytopenia, and
hemolytic anemia, etc. (Fernbach and Starling, 1972; Jenson, 2000). Our
data showed that the majority of the hospitalized children with IM had
complications, and the more common -complications were
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bronchitis/pneumonia and hepatic dysfunction. The children with
bronchitis/pneumonia were mainly in 0-1 y, 1-3 y, and 4-6 y groups,
which may be caused by bacterial, viral, and mycoplasma pathogen
infection (Jenson, 2000). In addition, children at 0-6 y have a high
incidence of pneumonia in China (Oumei et al., 2018), thus the reason for
bronchitis/pneumonia complicated with IM cannot be confirmed easily.
Hepatic dysfunction is the main complication in 7-12 and 13-18 years
old groups and is mostly considered to be reversible and may be only
related to the severity of the condition (Fernbach and Starling, 1972;
Shurin, 1979).

We analyzed the median LOS and hospitalization costs for IM patients
and found that the children without complications had a shorter LOS and
a lower expense than those with complications. Among children with
complications, the LOS and the expense of children with hepatic
dysfunction were the greatest, followed by those of encephalitis, which
was consistent with common perception. Our statistics also showed that
the LOS was the longest in the over 7-year-old group, and the expenses
were the highest. We suppose that this phenomenon may be related to
hepatic dysfunction, the most common complication in this age group.
Furthermore, we found that children complicated with hepatic
dysfunction had the longest LOS and the highest expenses. Additionally,
in south China, the LOS was the shortest, and the expense was the lowest.
Also, the LOS and the expense in 2016 were the longest and the highest.
However, the reason for this finding remains unknown.

EBV-HLH is caused by EBV infection and is the most common type of
virus-associated HLH during childhood. Young IM complicated with HLH
is mainly associated with primary immunodeficiency, such as X-linked
lymphoproliferative disease that affects males (Ishii, 2016; Chinn et al.,
2018; Imashuku et al., 2021). In our study, four children died due to
HLH. It is more common among Asian populations and has a poor
prognosis with a fatality rate of over 50% (Qiang et al., 2012). Although
the four IM children with HLH did not have primary immunodeficiency
documented in the FSMRs, three of the four were male, and their mean
age was 4 years, suggesting that they were likely to suffer from primary
immunodeficiency. The other two dead children diagnosed with sepsis
and leukemia, respectively, cannot be speculated on the relationship
between death and IM.

There are some limitations to this study. 1) The FUTURE Database
only contains the data generated from hospitalized children rather than
outpatients. As a self-limited disease, IM is mostly treated in outpatient
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clinics. Thus our report only represents real data from some inpatients in
China. 2) Since the FSMRs only have the basic medical information of
hospitalized children, we fail to obtain more comprehensive data on
clinical information and laboratory test results. 3) There was no follow-
up to assess long-term outcomes.

5. Conclusions

In this study, we investigated 24,120 children cases with IM, which
accounted for 0.42% (24,120/5,693,262) of all hospitalized cases from
2016 to 2020. The annual ratio of hospitalization for IM increased year
by year. Hospitalizations for IM were higher among children aged 4-6
years across age groups. Most IM patients had complications, of which
bronchitis/pneumonia and hepatic dysfunction were the main compli-
cations in hospitalized IM patients under 6 years and over 7 years,
respectively. The median LOS of IM was about 8 d, and the hospitaliza-
tion expenditure was 970.59 USD. Meanwhile, LOS and expenditure for
hospitalization were closely associated with complications. These will
help understand better the epidemiological feature of IM in China. The
data are beneficial for developing targeted strategies related to moni-
toring and optimizing the allocation of medical resources.
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