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Abstract

Background: The current surveillance system only focuses on notifiable infectious diseases in China. The arrival of
the big-data era provides us a chance to elaborate on the full spectrum of infectious diseases.

Methods: In this population-based observational study, we used multiple health-related data extracted from the
Shandong Multi-Center Healthcare Big Data Platform from January 2013 to June 2017 to estimate the incidence
density and describe the epidemiological characteristics and dynamics of various infectious diseases in a population
of 3,987,573 individuals in Shandong province, China.

Results: In total, 106,289 cases of 130 infectious diseases were diagnosed among the population, with an incidence
density (ID) of 694.86 per 100,000 person-years. Besides 73,801 cases of 35 notifiable infectious diseases, 32,488 cases
of 95 non-notifiable infectious diseases were identified. The overall ID continuously increased from 364.81 per 100,000
person-years in 2013 to 1071.80 per 100,000 person-years in 2017 (x° test for trend, P<0.0001). Urban areas had a
significantly higher ID than rural areas, with a relative risk of 1.25 (95% CI 1.23-1.27). Adolescents aged 10-19years had
the highest ID of varicella, women aged 20-39years had significantly higher IDs of syphilis and trichomoniasis, and
people aged > 60 years had significantly higher IDs of zoster and viral conjunctivitis (all P < 0.05).

Conclusions: Infectious diseases remain a substantial public health problem, and non-notifiable diseases should not
be neglected. Multi-source-based big data are beneficial to better understand the profile and dynamics of infectious
diseases.

Keywords: Infectious disease profile, Big data, Incidence density, Epidemiological characteristics, Spatiotemporal

dynamics
Introduction

:Correspondence: xuefzh@sdu.edu.cn; caowuchun@126.com Infectious diseases remain a leading cause of human
Lin Zhao and Hai-Tao Wang contributed equally to this work 1. I . .
Fu-Zhong Xue and Wu-Chun Cao contributed equally as joint senior mo.rbldlt}" ar%d mortahty in the world. (1]. The eplfiemlo—
authors logical distribution and trends of infectious diseases,
? Institute for Medical Dataology, School of Public Health, Cheeloo especially of non-notifiable infections, have rarely been
College of Medicine, Shandong University, 12550 Erhuan Donglu, . tigated i inland Chi [2] ki it difficult t
Jinan 250002, China nvestigated 1n main an. ma , maKing 1 1 cu (o]
4 State Key Laboratory of Pathogen and Biosecurity, Beijing Institute refine targeted prevention and control strategies. Cur-
of Microbiology and Epidemiology, 20 Dong-da Street, Fengtai District, rently, China is mainly relying on a traditional surveil-

Beijing 100071, China
Full list of author information is available at the end of the article

©The Author(s) 2022. Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which
permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the
original author(s) and the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or

other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line
to the material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory
regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this
licence, visit http://creativecommons.org/licenses/by/4.0/. The Creative Commons Public Domain Dedication waiver (http://creativeco
mmons.org/publicdomain/zero/1.0/) applies to the data made available in this article, unless otherwise stated in a credit line to the data.

lance system, the China Information System for Disease


http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s12879-022-07313-6&domain=pdf

Zhao et al. BMC Infectious Diseases (2022) 22:332

Control and Prevention, to monitor notifiable infectious
diseases [3]. Other infectious diseases are usually unre-
ported; therefore, the burden of infectious diseases has
been underestimated.

Along with the rapid development of computer sci-
ence and information technology, massive datasets are
available for infectious diseases, which provide a new
approach to monitor all types of infectious diseases [4].
In this study, we used a dataset derived from Shandong
Multi-Center Healthcare Big Data Platform (SMCH-
BDP) to describe the full spectrum of infectious diseases
in a population of 3,987,573 individuals in Shandong
province, China, and characterize the incidence density,
population, and spatiotemporal distributions of all types
of infectious diseases to guide evidence-based decision-
making for the prevention and control of infectious
diseases.

Methods

Integration and management of multi-source data
SMCHBDP is a hybrid system developed by the Health
Commission of Shandong Province in 2017. Multiple
data of health-related sources involving electronic health
records, electronic medical records, the resident medical
insurance payment system, and death registry were inte-
grated through identity card numbers (Additional file 1:
Fig. S1). Information regarding demographic character-
istics (sex, age, and residence location) and medical his-
tory (diagnoses, symptoms, therapies, payment records,
past diseases, and chronic diseases) was extracted and
included into the database for analysis.

The studied population

SMCHBDP had initially recruited potentially eligible par-
ticipants who were classified into nine subgroups accord-
ing to the data sources and population characteristics
(Additional file 1: Table S1). The participants who did not
provide necessary information or had duplicate or incor-
rect identity card numbers were excluded. This study
was approved by the Ethics Committee of the School of
Public Health, Shandong University, China. All informa-
tion regarding individual persons has been anonymized.

Data extraction

Individual records concerning infectious diseases were
extracted from January 1, 2013, to June 30, 2017, and
the outcome of interest was the incidence of specific
infectious diseases. All infectious diseases were defined
according to the Law of the People’s Republic of China on
Prevention and Treatment of Infectious Diseases (2013
Amendment; Additional file 1: Text S1) and the 10th
revision codes established by the International Statistical
Classification of Diseases and Related Health Problems
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(ICD—10). Infectious diseases were divided into five
categories based on the main transmission route, i.e.,
respiratory, gastrointestinal, vector-borne, blood- and
sexually transmitted, and mucocutaneous infections [5].
Data were collected and cleaned by Shandong Univer-
sity. Researchers can only use the encrypted data on the
SMCHBDP server after approval by the official review
committee.

Statistical analysis

The ID of infectious diseases was defined as the number
of new cases (incident number) divided by person-time
over the period (per 100,000 person-years). We compared
the ID of each disease and disease category, stratified by
sex, age, and area (urban vs. rural and prefecture-level
dimensions), and estimated the relative risks (RRs) and
their 95% confidence intervals (ClIs) using Miettinen’s
formula. The annual incidence trend was identified by
the Cochran Armitage test. The monthly ID was calcu-
lated to demonstrate the changing pattern and seasonal
distribution of infectious diseases. Joinpoint regression
models were used to estimate the annual percentage
change (APC) of each infectious disease from 2013 to
2017 [6]. Prefecture-level disease maps were visualized
using ArcGIS software (version 10.3; ESRI Inc., Redlands,
CA, USA). All descriptive analyses were conducted using
R software (version 3.4.1, R Foundation for Statistical
Computing, Vienna, Austria), and joinpoint regression
analyses were conducted using the Joinpoint Regression
Program (version 4.8.0.1, National Cancer Institute, MD,
USA).

Results

In total, 3,987,573 participants from 16 prefecture-level
cities of Shandong province, China, were included in
our study. The sample size, geographical coverage, and
composition of participants in each city are displayed in
Additional file 1: Fig. S1. Among them, 47.81% were male
and 57.30% lived in urban areas. More than 3,000,000
participants were recruited in 2013 (Table 1).

From January 2013 to June 2017, 106,289 cases belong-
ing to 130 types of infectious diseases were identified,
with an ID of 694.86 per 100,000 person-years. Approxi-
mately two-thirds (73,801) of the cases belonged to 35
notifiable infectious diseases, while up to 95 types of non-
notifiable infectious diseases were discovered, involving
32,488 cases. The most common infectious diseases were
respiratory, followed by mucocutaneous. The ID of vec-
tor-borne infections was the lowest (Table 1).

Overall, urban areas had a significantly higher ID of
infectious diseases than rural areas (RR 1.25, 95% CI
1.23-1.27). As to each category, the ID of gastrointes-
tinal infections was significantly higher in rural areas
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Table 1 Basic information of study participants, January 2013 to June 2017
Participants P value*
(n=3,987,573)
Sex distribution of population, n (%)
Male 1,906,485 (47.81)
Female 2,081,088 (52.19)
Urban-rural distribution of population, n (%)
Urban 2,284,975 (57.30)
Rural 1,702,598 (42.70)
Recruiting time (year), n (%)
2013 3,017,631 (75.67)
2014 338,850 (8.50)
2015 332,129 (8.33)
2016 214,279 (5.37)
2017 84,684 (2.12)
Case number of infectious diseases (incidence density, per 100,000 person-years)
Total 106,289 (694.86) <0.0001
Notifiable infections 73,801 (482.47) <0.0001
Non-notifiable infections 32,488 (212.39) <0.0001
Case number of five categories of infectious diseases (incidence density, per 100,000 person-years)
Respiratory 1,951 (405.00) <0.0001
Gastrointestinal 9862 (64.47) <0.0001
Vector-borne 28 (7.37) <0.0001
Blood- and sexually transmitted 70 (66.48) <0.0001
Mucocutaneous 78 (151.52) <0.0001

Annual case number of infectious diseases (incidence density, per 100,000 person-years)

2013
2014
2015
2016
2017

10,313 (364.81)
12,813 (397.04)
81(771.20)
67(931.37)
20,815 (1071.80)

*Calculated by x* test for trend from 2013 to 2017

(RR 1.19, 95% CI 1.15-1.24), while the IDs of the other
four categories were significantly higher in urban areas
(all P < 0.05; Fig. 1). For respiratory infections, people
aged > 70years had an approximately 3-times higher risk
compared with younger age groups (RR 3.23, 95% CI
3.17-3.29). Men had a 12% higher risk than women (RR
1.12, 95% CI 1.10-1.14). The ID of gastrointestinal infec-
tions was highest in people aged > 60years (all P < 0.05).
Women aged 20-59years were more vulnerable to gas-
trointestinal infections than men of the same age group
(all P < 0.05). The working population aged 40—49years
had a significantly higher ID of vector-borne infections
than any other age group (all P < 0.05). Blood- and sexu-
ally transmitted diseases were most common in young
adults aged 30-39years (RR 1.56, 95% CI 1.49-1.63). In
urban areas, the ID was the highest among those aged
50-59years for men and among those aged 20-39years
for women (all P < 0.05). Children aged<10years and
older individuals aged>70years had a significantly

higher ID of mucocutaneous infections than those aged
10-69years (RR 3.05, 95% CI 2.96—3.14 and RR 2.69, 95%
CI2.59-2.79, respectively; Fig. 1).

Among the 130 types of infectious diseases, 23 were
respiratory, 37 gastrointestinal, 27 vector-borne, 13
blood- and sexually transmitted, and 30 mucocutaneous.
The most frequent infections were influenza, followed by
zoster and pneumonia, which accounted for 61.38% of all
cases. Additionally, typhoid was the most common gas-
trointestinal infection, hepatitis B was the most common
blood- and sexually transmitted disease, and brucellosis
was the most common vector-borne infection (Fig. 2,
Additional file 1: Table S1).

The most vulnerable groups were identified for each
infection type (Fig. 2, Additional file 1: Fig. S2). Young
people aged <20years in rural areas were more likely to
be infected with mumps and scarlet fever (all P < 0.05).
Infants and children aged 0—10years had the highest ID
of pneumonia, whereas adolescents aged 10-19years
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had the highest ID of varicella (all P < 0.05). Some gas-
trointestinal infections, such as gastroenteritis due to
Rotavirus and other infectious diarrhea, had the highest
IDs in children aged < 10years, while amoebic dysentery
had the highest ID in older individuals aged > 60years
(all P < 0.05). Women aged 20—39years had significantly
higher IDs of syphilis and trichomoniasis (all P < 0.05).
Most new cases of human immunodeficiency virus (HIV)
infection occurred in young people aged 20-29years (RR
2.74, 95% CI 1.80-4.16), and men had a 60-fold higher
risk than women in this age group (RR 60.12, 95% CI
34.20-105.69). The working population aged 40—49years
had the highest ID of brucellosis (RR 2.04, 95% CI
1.73-2.41). Among mucocutaneous infections, people
aged > 60years had the highest IDs of zoster and viral
conjunctivitis, while infants and children aged <10years
had the highest ID of “hand, foot, and mouth disease” (all
P <0.05).

Figure 3 illustrates the secular trends and seasonal-
ity of infectious diseases from 2013 to 2017. The ID of
all infectious diseases increased remarkably from 364.81
to 1,00,000 person-years in 2013 to 1071.80 per 1,00,000
person-years in 2017, and a similar trend was observed
for the five categories of infections (y* test for trend, all
P<0.0001; Table 1; Fig. 3 A and 3B). For both notifiable
and non-notifiable diseases, the overall ID increased con-
tinuously throughout the study period, and the rise in
non-notifiable diseases was greater than that in notifiable
diseases, with an annual increase of 32.84% and 20.30%,
respectively (Fig. 3A). Significant seasonal features were
noted in different categories of infectious diseases. Res-
piratory infections peaked in winter (mainly in January),
whereas gastrointestinal infections peaked twice per
year (January and August to September). Moreover, the
highest ID of vector-borne diseases and mucocutaneous
infections typically occurred in summer (between May
and August). In contrast, there was less seasonality in
the pattern of blood- and sexually transmitted diseases
(Fig. 3C). The changing pattern and seasonal distribu-
tion of 130 infectious diseases are shown in the appendix
(Additional file 1: Figs. S3—S4). We further analyzed the
seasonality of the five categories of infectious diseases in
16 cities, and a similar pattern was observed (Additional
file 1: Fig. S5).
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According to the joinpoint regression analysis, 19 of the
top 50 infectious diseases showed a significantly increas-
ing trend in ID from 2013 to 2017, including six notifi-
able infectious diseases and 13 non-notifiable infectious
diseases (all P < 0.05). Conversely, the IDs of mumps and
bacterial dysentery decreased significantly during the
study period (all P < 0.05), with annual declines of 29.0%
and 21.6%, respectively (Fig. 4). In addition, the IDs of
some imported and parasitic diseases notably increased
as evidenced by the higher APCs (Additional file 1: Fig.
S6).

The IDs of infectious diseases varied greatly across the
geographical regions. Overall, Jiaodong Peninsula had a
higher ID than did inland areas (RR 4.66, 95% CI 4.61—
4.71, Fig. 5A). Figure panels 5B—5 F show the incidence
maps of the five categories of infectious diseases. Among
the 16 prefecture-level cities, Qingdao had the highest
IDs of respiratory, gastrointestinal, and mucocutane-
ous infections (all P < 0.05). The IDs of vector-borne and
blood- and sexually transmitted infections were highest
in Weihai (all P < 0.05). In addition, notifiable infectious
diseases were mainly concentrated in Jiaodong Peninsula,
whereas the non-notifiable infectious diseases were dis-
tributed in a more scattered manner (Additional file 1:
Fig. S7).

Discussion

This population-based observational study identified 130
infectious diseases among nearly four million individuals
in Shandong province, China, with an ID ranging from
0.01 to 291.49 per 100,000 person-years. A significant
increasing trend in ID was noted from January 2013 to
June 2017. To our knowledge, this was the first study to
utilize a multi-source big data platform to actively moni-
tor all types of infectious diseases in China. The dataset
enabled us to profile the epidemic features of notifiable
infectious diseases and to report the status of non-notifi-
able infections.

During the study period, 73,801 cases of 35 notifiable
infectious diseases and 32,488 cases of 95 non-notifiable
infectious diseases were identified. These non-notifiable
infections might also cause substantial morbidity, and
their public health significance deserves further inves-
tigation. The three infectious diseases with the highest
ID were influenza, zoster, and pneumonia, of which the

(See figure on next page.)
Fig. 2

Incidence density of 130 infectious diseases and incidence density stratified by sex, urban-rural region, and age group. A IDs of 130

infectious diseases (per 100,000 person-years). B Incidence ratio between male and female individuals. C Incidence ratio between urban and rural
populations. D Age-stratified IDs. The ID of each infectious disease is standardized from 0 to 1 according to the percentile rank and is represented
by heat maps (with color scale from 0 to 1, where 1 is the highest incidence and 0 is the lowest incidence). IDincidence density, HIVhuman
immunodeficiency virus, PIPSM picornavirus infections presenting in the skin or mucous membranes




Zhao et al. BMC Infectious Diseases ~ (2022) 22:332 Page 6 of 12

e 7
© Incidence density (per 100 000 person-years)
= Notifiable infectious diseases 0 050 1:00
ifiable infectious di = B = .
o Non-notifiable infectious diseases Male Female Urban Rural lim
— i — i — Vector-b
piratory
—— Blood- and sexually i _—
Influenza ] 29149 ®
Pneumonia 6550 O
Pulmonary tuberculosis. 2146 W
Varicella 754 O
Scarlet fever 524 W
Mumps 407 ®m
Measles 403 ®m
i 139 O
Rubella _Ji 097 m
Whooping cough |\ 092 ®m o —
pergillost 074 O - EE——
Roseola infantum |- 048 O -
Influenza A HIN1 029 ® — . o
i 027 O LB
disease 024 O — —
Leprosy |- 012 ® O ——
Pharyngis 008 0 —] N .
Legionellosis | 006 O —1 — —
ingitis 0.03 = |
Nocardiosis |/ 003 O —— ]
Histoplasmosis |\ 002 O e
Erythema infectiosum | 001 O [ |
Coccidioidomycosis | 001 O |
ryphoid 3673 W I ee——
Other infectious diarrhoea 588 W (— I .
Ascariasis. 545 O | — [ |
Bacterial dysentery 409 = — I
ypl 399 W L e |
Amoebic dy y 211 = e
due to Rotavirus 141 O = — ———
Intestinal infections due to Escherichia coli | 135 O ]
O i 1.02 O S
Hepatiis A 067 = o
iasi 054 O [ N
Hepatitis £ |\ 051 ®m [ e ——
Bacterial foodborne intoxications, unspecified 035 O - [
Enteritis due to Norovirus | 027 O [} [
Cysti i 027 O e
Infections due to other Salmonella |\ 022 O - =
iasis | 009 O [ U
C i 007 O ] [ I
006 O |
Clonorchiasis | 006 O S —
Botulism 006 O — B ]
Paragonimiasis | 005 O [ — = |
Trichuriasis |- 0.04 O
Cryptosporidiosis |/ 003 O
Capillariasis 003 O
Enteritis due to Adenovirus |\ 003 O
Listeriosis |- 002 O
Epidemic myalgia | 002 O
Foodborne Bacillus cereus intoxication _| 001 O
Intestinal infections due to Yersinia enterocolitica |/ 001 O
Foodborne Clostridium perfringens intoxication | 001 O
Giardiasis | 001 O
Foodborne staphylococeal intoxication |\ 001 O
Dipylidiasis | 001 O
Cystoisosporiasis | 001 O ]
Fascioliasis | 001 O ]
Syngamosis | 001 O -—
Brucellosis 418 ® L
fever 099 = o
Typhus fever 032 ® - EE—
of 031 0 [ |
Erysipeloid 029 O I e
Severe fever with ia syndrome. 029 O | ——— ]
Malaria ] 024 ®
Spotted fever 015 O ]
Tularemia 013 O I
Leptospirosis | 007 =
B 007 = .
yersiniosi 006 O — ]
Glanders | 006 O |
Cat-scratch disease |\ 003 O
Relapsing fever |\ 003 O ]
Monkeypox | 003 O
Qfever ] 003 O —
Yellow fever 002 O —
Eastern equine encephalitis | 001 O |
Melioidosis i 001 O I
African trypanosomiasis |\ 001 O |
Visceral leishmaniasis | 001 ®
Dengue - 001 ®
Bartonellosis |\ 001 O
Cri fever 001 O
Rickettsialpox |\ 001 O
Lyme borreliosis | 001 O
Hepatitis B 4303 ®
Syphilis 10.90 = I . e
Hepatitis C 338 W - IO
Gonorrhea 283 W ! I
i i 258 O I
Anogenital warts 153 O . I
disease 120 O — I o ]
HIV infeection |1 058 ® E——— .
‘Anogenital h implex infection 035 O | B
Granuloma inguinale 7| 008 O j— C —
dtis D | 006 = — I
Chancroid - 001 O I
Warts of lips or oral cavity ] 001 O —
Zoster 69.63 O e
Hand, foot, and mouth disease 3392 W [ |
Viral conjunctiviti 1251 O @ ]
Trachoma 769 O I ——
mon warts. 756 O (Dol |
Herpes simplex infections 489 O N
Plane warts. 318 O I
Impetigo 313 O [ I
Ne superficial 222 o I
Molluscum 179 O [T
Infectious 159 O [ I
Scabies | 109 O I
PPSMT 101 O — )
Myiasis | 047 O [ BN
Tetanus ] 023 O -
Rabies | 019 = E——
Yaws 019 O L e
Acute iviti 008 ™ |
Eumycetoma | 007 O B
Infestation by mites | 007 O I N .
Infantile papular acrodermatitis | 006 O [—
Echinococeosis | 005 = [ - E——
Sporotrichosis |\ 0.05 O R a—]
Strongyloidiasis | 003 O —
Obstetrical tetanus ] 003 O E—
Hookworm diseases | 003 O - |
Gasgangrene | 002 O e
Acanthamoebiasis | 002 O —
External hirudiniasis |/ 001 O -
O 001 O ||
T T T T
0 0.01 0.10 1.00 10.00 100.00  1000.00 111 11 0- 10- 20- 30- 40- 50- 60- 70-
L Fig. 2 (See legend on previous page.)




Zhao et al. BMC Infectious Diseases (2022) 22:332

latter two are non-notifiable infectious diseases. Globally,
influenza and pneumonia lead to considerable morbidity
and mortality with high healthcare costs [7, 8], while zos-
ter is a major health burden that can affect individuals of
any age [9].

We noted that infectious diseases were more common
in urban than in rural areas. During the last few decades,
China has witnessed an unprecedented economic boom
and rapid urbanization. In urban areas, high population
density, increased shared airspace, and heavy air pollu-
tion have increased the risk of respiratory infections [10].
Moreover, urbanization and globalization have increased
the probability of zoonotic emergence in urban areas by
affecting the ecology and distribution of arthropod vectors
and increasing the spread of new infections globally [11].
Economic growth has also led to the reemergence of sex
services; the influx of many rural-to-urban male migrant
workers without spouses has created a growing demand
for sex services, increasing the transmission of blood- and
sexually transmitted diseases [12].

In contrast, gastrointestinal infections were more fre-
quent in rural than in urban areas. This may be attribut-
able to lower socioeconomic statuses, poor sanitation, and
malnutrition in rural areas [13]. In addition, some vector-
borne diseases, especially natural-focal diseases such as Q
fever and hemorrhagic fever, were more common in rural
than in urban areas, likely because rural areas tend to have
diverse habitats that can be exploited by more species of
vectors [14].

Sex and age groups that are vulnerable to infectious dis-
eases were identified in the present study. Some respira-
tory infections tended to mostly affect men aged > 70vears.
This may be due to the substantial adverse effects of smok-
ing on the immune system and respiratory tract [15]. With
the introduction of global varicella vaccination programs,
the burden of varicella has been reduced. However, most
countries (including China) have chosen to vaccinate high-
risk groups rather than to conduct universal vaccination
[16]. In our study, adolescents between ages 10 and 19 who
were not prioritized for varicella vaccination [17], had the
highest ID of varicella. Zoster is a mucocutaneous infec-
tion caused by the reactivation of the latent varicella zos-
ter virus (VZV). The recombinant zoster vaccine, which
is the most effective measure to prevent zoster infection,
has been introduced into China in 2019. Besides, ageing of
the population, reduced immune function, and previous
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VZV exposure are also important reasons for the high inci-
dence of zoster among older individuals [18, 19]. Therefore,
continuous surveillance of VZV infections is necessary
to assess the need for catch-up vaccination in high-risk
groups.

We found that, among individuals aged 20-39years,
the risk of contracting gastrointestinal infections was
higher in women than in men; the reasons for this sex
difference are unclear. Besides host factors, women as
the principal food handlers in China may have a higher
risk of exposure to foodborne gastrointestinal infections
[20]. Regarding mucocutaneous diseases, viral conjuncti-
vitis had the highest IDs in adults aged > 60years, partly
because of the gradual decline of the immune system
with age, whereas “hand, foot, and mouth disease” domi-
nated in children aged < 10years. Such variations suggest
the need for age-specific control measures for different
mucocutaneous diseases. Based on the findings of our
study, adults aged 40—49years, especially men, are most
affected by vector-borne infections, possibly because this
age group most actively herds or handles domestic ani-
mals; thus, they have a higher risk of exposure to vector-
borne infections [21].

In our study, the ID of blood- and sexually transmitted
diseases was higher in men than in women. One possi-
ble reason is that sexually transmitted infections in men
who have sex with men have increased since the late
1990 [22]. Additionally, the relaxation of traditional cul-
tural norms has yielded new patterns of behavior that
involve changes in sexual activity and the use of rec-
reational drugs [10]. Notably, men living in urban areas
aged 50—59years had the highest ID of blood- and sexu-
ally transmitted infections. Many adults continue to be
sexually active throughout their lives. Among them, men
living in urban areas nearing retirement are more likely
to engage in unsafe sex [23]. Our study indicated that
women of child-bearing age (20-39years) are emerging
as another vulnerable group of blood- and sexually trans-
mitted infections, as their open-minded attitude toward
sex and high-risk sexual behavior have increased the risk
of spreading blood- and sexually transmitted diseases
[24].

The overall ID of infectious diseases showed a fluctu-
ating upward trend during the study period. This could
be due to increasing antimicrobial resistance, changes
in human behavior, and improved screening intensity

(See figure on next page.)

Fig.3 Trends in incidence density of infectious diseases by reporting type and transmission route and seasonality of infectious
diseases. A Monthly IDs of infectious diseases by reporting type, from January 2013 to June 2017. B Monthly IDs of infectious diseases
by transmission route, from January 2013 to June 2017. C Seasonal distribution of infectious diseases. IDincidence density, HIVhuman
immunodeficiency virus, PIPSM picornavirus infections presenting in the skin or mucous membranes
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Fig.4 Annual percentage change in the incidence density of the top 50 infectious diseases. The annual percentage change (APC) of each
infectious disease is estimated using the joinpoint regression models. The Z-test is used to assess whether an APC is significantly different from
zero. If the APC is significant (P < 0.05), the incidence trend is identified as an increase or decrease; otherwise, the incidence is maintained stable.
"Joinpoint regression provided significant values (P < 0.05). HIVhuman immunodeficiency virus, PIPSM picornavirus infections presenting in the skin
or mucous membranes
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and diagnostic technologies. Notably, the IDs of some
infections have alarmingly increased, mainly involv-
ing imported infectious and parasitic diseases. In our
study, imported infectious diseases were reported nearly
every year. These imported cases are related to popula-
tion influx from other countries because of globalization

[12]. Thus, pretravel education for migrant workers and
tourists in China should be strengthened, and border
screening and early warnings should be further improved
[25]. Large-scale and aggressive case screening strate-
gies for specific parasites in China may lead to a substan-
tial increase in detected cases of parasitic diseases [26].
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Therefore, enhanced surveillance and investigations are
required to control these infections.

Our results demonstrated that the epidemic peak of
respiratory infections occurred in winter, whereas the
peaks of vector-borne diseases and mucocutaneous
infections occurred in summer. Weather conditions in
winter could affect not only the viability and transmission
of respiratory viruses, but also host immunity, increasing
the contact between infected and susceptible populations
[27]. This facilitates the spread of respiratory infectious
diseases, such as influenza and pneumonia [28]. Season-
ality is a well-known epidemiological phenomenon in
vector-borne diseases, partly because vectors are greatly
influenced by meteorological factors [29]. Additionally,
two epidemic peaks were observed for gastrointestinal
infections (i.e., summer and winter), which might be due
to changes in the pathogen spectrum over time.

In the present study, Jiaodong Peninsula was identi-
fied as the area where individuals had the highest risk
of contracting infectious diseases. The possible reasons
are as follows. The Jiaodong Peninsula region is more
developed and more densely populated than any other
region in Shandong province, China. These cities have
attracted large mobile populations, characterized by
weak immune systems, poor living conditions, and poor
knowledge on epidemic prevention [30], and popula-
tions in these regions are susceptible to various infec-
tious diseases. Among all cities, Qingdao is a hotspot
for many infectious diseases. As an important hub for
international trade and transportation, frequent inter-
national population movement in Qingdao could favor
the emergence and spread of infectious diseases [5].
Additionally, most big data systems differing in report-
ing and health-seeking behaviors across regions are
pervasive [31], and further investigations are required
to confirm our geographical variations.

Our study has some limitations. First, variations in
diagnostic procedures, experimental conditions, tech-
nical levels, and reporting times of different institu-
tions and periods could have introduced bias into the
reported IDs. Second, the case number of typhoid may
be overestimated because its definition in medical
records may be confused with the definition of exog-
enous febrile diseases in Chinese medicine. Third, the
study population was not stratified for comorbidities
and immunological condition because of unavailability
of data and information.

Conclusions

In conclusion, we identified 130 infectious diseases
in approximately 4 million individuals in Shandong
province, China. The challenges posed by infectious
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diseases, especially non-notifiable infections, have been
increasing continuously. Targeted prevention strategies
with an emphasis on children, older individuals, and
people living in urban areas should be implemented.
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