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Abstract

This paper took the prevention and control of imported infectious diseases spreading from ports to the domestic territory as the
research scenario, and employed fuzzy comprehensive evaluation to analyze port infectious disease prevention and control
capabilities. Based on the characteristics of port infectious disease prevention and control and relevant policy requirements, an
evaluation system was constructed, comprising three primary indicators—overseas prevention and control in advance, port site
prevention and control, and domestic collaborative prevention and control, along with eight secondary indicators and 25
tertiary indicators. The prevention and control ability of imported infectious diseases at ports was quantitatively evaluated by
using analytic hierarchy process and fuzzy evaluation method. Taking Port J of Jiangsu Province in China as the empirical
research subject, the rationality and operability of the evaluation method were verified. The findings indicated that factors such
as professional personnel teams, local government investment, policies and laws, and communication and collaboration have
significant impacts. The fuzzy evaluation of J Port has the highest membership degree in the "good" level, with an overall
score of 76.51. The ability to prevent and control imported infectious diseases of J Port is at a level of "good" to "average".
Based on these findings, relevant policy recommendations were proposed.
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1. Introduction

In recent years, public health emergencies of international
concern such as HIN1 influenza, poliomyelitis, monkeypox,
ebola and the like, have frequently occurred, which has led to
increasing international attention on the prevention and con-
trol of cross-border transmission of infectious diseases. Faced
with the characteristics of rapid spread, high infectivity, and
strong variability of newly emerging infectious diseases, if
governments of various countries do not prevent and control
them properly, it is extremely easy for infectious diseases to
spread from overseas to these countries' territories, which will
pose a serious threat to local socio-economic development
and people's lives and health. Frontier ports are important
barriers to prevent the cross-border spread of infectious dis-
eases, and improving the prevention and control capabilities
of ports for infectious diseases is of great significance for
maintaining national security. As the government's entry and
exit supervision and management department, customs con-
ducts health quarantine on all personnel, goods, and trans-
portation vehicles in accordance with the law, becoming the
key to building a strong public health defense line at ports. At
the same time, local governments, hospitals, disease control
centers, airlines and other departments also play an important
role in preventing and controlling imported infectious dis-
eases, becoming an important component of the port epidemic
prevention and control system [1].

With the closer international economic and trade ties, more
frequent flow of goods and personnel, convenient transporta-
tion has broken through the time and space limitations of
cross-border transmission of infectious diseases, posing huge
challenges to health and quarantine at border ports. In 2024,
the World Health Organization (WHO) revised the Interna-
tional Health Regulations (2005). As the largest goods trading
country in the world, China's level of openness to the outside
world continues is increasing, accompanied by an increasing
risk of imported infectious diseases. The Chinese government
attaches great importance to the prevention and control of
cross-border infectious diseases and strives to enhance the
prevention and control capabilities of imported infectious
diseases at ports. The "Healthy China 2030" Plan Outline
explicitly requires active prevention of imported infectious
diseases, and response to overseas public health emergencies
[2]. The General Administration of Customs of China actively
cooperates with international organizations and closely mon-
itors the development trend of the international epidemic
through monthly reports and other means [3]. The outbreak of
the Coronavirus Disease 2019 (COVID-19) has revealed that
the ability of border ports to prevent and control imported
infectious disease is still insufficient. At the same time, the
mutation of pathogens and changes in transmission methods
have made it urgent for border ports to continuously enhance
their ability to prevent and control newly emerging infectious
diseases. Therefore, a comprehensive analysis of the preven-
tion and control capabilities of imported infectious diseases at
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ports, scientific evaluation of prevention and control effects,
and precise screening of weak links are of great significance
for enhancing the core public health capabilities of ports and
safeguarding national security. Hence, this article starts from
the practical need to strengthen the defense line against im-
ported infectious diseases at border ports, and combines epi-
demic prevention and control policies and relevant theoretical
research to construct an evaluation index system for the pre-
vention and control capacity of imported infectious diseases at
ports. Taking J Port in Jiangsu Province, China as an example,
the Analytic Hierarchy Process (AHP) and Fuzzy Compre-
hensive Evaluation Method are used for empirical analysis to
explore the optimization path for improving the public health
capacity of ports.

2. Literature Review

Preventing and controlling cross-border transmission of
infectious diseases has long been a hot topic in academic
research. Especially after the outbreak of the COVID-19, the
role of border ports in preventing the spread of infectious
diseases between different countries and regions has become
more prominent. The research on the prevention and control
ability of infectious diseases at ports has attracted more
scholars' attention, which mainly includes two aspects: eval-
uation indicators and evaluation methods.

2.1. Evaluation Indicators

At present, the research perspectives on the evaluation of
the prevention and control capabilities of imported infectious
diseases at ports at home and abroad are mainly divided into
three categories. The first category mainly starts from the port
health and quarantine process, advocating for improving port
hardware facilities and enhancing risk prevention and control
capabilities. Starting from the airport business process, Jiang
analyzed the risk factors of infectious diseases in various
stages of entry and developed an assessment plan for port
prevention and control capabilities [4]. Liao studied the prac-
tice of preventing and controlling COVID-19 at Chinese ports,
and pointed out that legal policies, international cooperation,
technical support, and cooperation of public institutions are
the key to improving the ability to prevent and control infec-
tious diseases [5]. Sun believed that the risk of epidemic
prevention and control in airport terminals can be divided into
internal risks and external risks, and the former mainly in-
cludes equipment configuration, human factors, and man-
agement factors, while the latter mainly includes biological
and social factors [6]. The second category mainly starts from
the perspective of infectious disease prevention and control
principles, focusing on the ability of border ports to control
the source of infection, cut off transmission routes, and pro-
tect susceptible populations. Wen had constructed risk as-
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sessment indicators for imported infectious disease from three
aspects: input possibility, disease influence and population
resistance, and analyzed the risk of imported epidemic situa-
tion of countries along the "the Belt and Road" from 15 in-
dicators, including the number of passengers, incidence rate
of infectious diseases, and per capita health expenditure [7].
Zhang established a global infectious disease monitoring and
early warning system by utilizing the interrelationships be-
tween pathogens, hosts, vectors, socio-economic factors, and
natural environments [8]. Han analyzed the pathogen char-
acteristics, transmission routes, and domestic and interna-
tional epidemic trends of monkeypox, and proposed sugges-
tions for port prevention and control, including strengthening
joint prevention and control, enhancing public awareness, and
strengthening staff training [9]. The third category mainly
starts from the governance of public health at ports, advo-
cating the combination of policy guidance and joint preven-
tion and control. Based on the analysis of the quarantine sys-
tem of the South Korean General Administration of Customs,
Jin pointed out that power structure, decision-making proce-
dures, and departmental cooperation play an important role in
the prevention and control of infectious diseases at ports [10].
Li proposed optimization suggestions for the risk assessment
of imported infectious diseases at ports based on the "14th
Five Year Plan for Port Development" issued by the General
Administration of Customs of China and the "International
Health Regulations” [11]. Based on the analysis of the WHO's
"self-assessment annual report tool for contracting parties”,
Lu proposed assessment criteria for optimizing the core ca-
pabilities of port public health [12].

2.2. Evaluation Methods

The methods for evaluating the ability to prevent and con-
trol infectious diseases at ports mainly include Delphi method,
risk matrix, expert meeting, etc. Cheng used the Delphi
method to establish a warning index system for respiratory
infectious disease prevention and control at Chinese ports,
which includes 19 three-level indicators [13]. Some scholars
also used the risk matrix method to qualitatively assess the
input risk of COVID-19 and cholera epidemic respectively
[14, 15]. Ren used expert panel analysis to assess the risk of
dengue fever imported into China from overseas [16]. In
addition, methods such as geographic information system
technology [17] and 4R crisis management theory [18] have
also been effectively applied in the study of infectious disease
prevention and control capabilities at ports. These methods
have made positive contributions to accumulating research
experience in the prevention and control of infectious diseases
at ports, but most of them rely on qualitative analysis, making
it difficult to accurately identify weak links in the public
health capacity of ports. There is a lack of evaluation of the
effectiveness of port epidemic prevention and control, and it is
difficult to measure the prevention and control capabilities of
border ports for potential new emerging infectious diseases in
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the future, which has certain limitations.

Based on the theory of fuzzy mathematics, this article
transforms the qualitative analysis of port infectious disease
prevention and control into quantitative analysis through the
fuzzy comprehensive evaluation method, thereby more intui-
tively evaluating the imported infectious disease prevention
and control capability and analyzing the potential weaknesses
of China's port health quarantine. Meanwhile, the prevention
and control of infectious diseases at border ports is a complex
system engineering involving multiple levels and factors. The
AHP combines quantitative and qualitative analysis to meet
the practical needs of decomposing complex problems into
quantifiable sub problems layer by layer. Therefore, this arti-
cle attempts to comprehensively evaluate the prevention and
control capabilities of imported infectious diseases at Chinese
ports using AHP and fuzzy comprehensive evaluation meth-
ods, providing a reference for enhancing the core public
health capabilities of border ports.

3. Construction of the Evaluation Model

3.1. Principles for Evaluating the Prevention
and Control Capabilities of Imported
Infectious Diseases at Ports

Imported infectious diseases refer to infectious diseases
that did not originally exist in the country, have not yet been
discovered, or have been eliminated, but were introduced
from abroad (outside the region) [19]. Due to the long chain of
responsibility for the prevention and control of imported
infectious diseases, evaluating the ability to prevent and con-
trol the spread of infectious diseases through ports to the
domestic society is unique and complex. Therefore, the con-
struction of an evaluation index system for the prevention and
control capabilities of imported infectious diseases at ports
needs to follow four principles. The first principle is policy
orientation. The prevention and control of imported infectious
diseases is an administrative action taken by the government
to ensure national health and social stability. The government
formulates laws and regulations to standardize the monitoring
and prevention of infectious diseases, reducing the risk of
imported infectious diseases. The selection of evaluation
indicators needs to comply with relevant government policy
guidance. The second principle is systematic. The prevention
and control of imported infectious diseases at ports is a sys-
tematic project that covers multiple links. Different influ-
encing factors are interrelated and mutually constrained, ob-
jectively forming a structurally completed system. The eval-
uation index system needs to be analyzed from different levels
and overall processes to form a rigorous evaluation logic loop.
The third principle is importance. There are many factors that
affect the prevention and control capabilities of imported
infectious diseases at ports, but the impact of different factors
may vary significantly. In order to control the complexity of
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the evaluation model and avoid including too many redundant
indicators, it is necessary to select key indicators that are
representative and have a significant impact on the port's
prevention and control capabilities when constructing the
evaluation system. The fourth principle is operability. The
selected evaluation indicators need to have clear connotations
to avoid ambiguity in the subsequent analysis process.
Meanwhile, these indicators should be observable or directly
obtainable, and able to be compared and analyzed among
different research subjects.

3.2. Construction of Evaluation Indicators

The transmission of pathogens into the country mainly
involves three risk stages: pre entry, entry, and post entry. The
Chinese government has emphasized on multiple occasions
the need to strengthen the construction of defense lines before,
during, and after entry, in order to prevent overseas epidemics
from entering the country through ports [20, 21]. At the same
time, China's "14th Five Year Plan" for port development
further clarified the requirements for strengthening the three
quarantine lines of "overseas, port, and domestic”, which has

also been supported by relevant academic research [22].
Based on the interpretation of laws and regulations for the
prevention and control of infectious diseases at ports, as well
as the collection and analysis of relevant literature, this article
organized experts in the field of port health and quarantine to
conduct discussions according to the above evaluation prin-
ciples. Three primary indicators were proposed: overseas
prevention and control in advance (B1), port site prevention
and control (B2), and domestic collaborative prevention and
control (B3). Corresponding secondary indicators were also
proposed based on each primary indicator. Among them, the
indicator B1 includes two secondary indicators: information
acquisition (C1) and import environment (C2). The indicator
B2 includes four secondary indicators: prevention and control
mechanism (C3), infrastructure (C4), clearance disposal (C5),
and logistics support (C6). The indicator B3 includes two
secondary indicators: joint prevention and control (C7) and
medical response (C8). Based on the main influencing factors
of each secondary indicator, 25 scheme level tertiary indica-
tors were proposed. The evaluation index system for the
prevention and control capacity of imported infectious dis-
eases at ports is shown in Figure 1.

Evaluation of prevention and control ability of imported infectious

Target layer

diseases at ports A N
| |
overseas prevention and port site prevention domestic collaborative criterion

control in advance By and control By prevention and controlB; layer B
- - - prevention
information import : — " -

o - and control Infrastructure clearance logistics joint prevention medical -
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Figure 1. Evaluation index system for the prevention and control capability of imported infectious diseases at ports.

In order to use AHP to determine the weight of indicators,
the three hierarchical indicators are classified into the crite-
rion layer, sub-criterion layer, and scheme layer in sequence,
and the relevant indicators are explained as follows.

Information acquisition (C1). Before the entry of infectious
diseases, the port needs to collect relevant information on
potential imported infectious diseases, conduct risk prediction,
and strengthen monitoring of key pathogens, so as to prepare
in advance for high-risk populations, goods, transportation
vehicles, etc. C1 can be subdivided into three scheme level
indicators. International epidemic situation (D1): The occur-
rence and prevalence of infectious diseases worldwide, as
well as their future development trends, including public
health emergencies of international concern and infectious
diseases monitored by the General Administration of Customs
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of China. Epidemic situation at ports for intercourse (D2):
Whether monitoring points have been established and
whether there have been outbreaks of infectious diseases in
the overseas ports for intercourse. Cross border cooperation
(D3): Whether a cooperation mechanism has been established
with overseas health organizations, and whether good coop-
eration can be maintained in infectious disease monitoring
information sharing, overseas health quarantine, and other
aspects with overseas ports for intercourse.

Import environment (C2). The objective conditions for the
importation of infectious diseases through ports include the
natural environment affecting pathogen transmission, as well
as individuals and goods that may carry pathogens. C2 can be
further subdivided into three scheme level indicators. Cli-
matic factors (D4): Whether the climatic conditions such as
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temperature, humidity, precipitation, and wind speed at the
port location facilitate the spread of pathogens. Inbound pas-
senger volume (D5): The scale of inbound passengers, where
a higher volume increases the number of individuals poten-
tially carrying pathogens. Inbound cargo volume (D6): The
total amount of goods entering through the port, as a greater
volume of inbound cargo and more cross-border transporta-
tion vehicles increase the likelihood of carrying pathogens.

Prevention and control mechanism (C3). The government
has established a comprehensive system to prevent and control
the spread of imported infectious diseases through ports and
ensure the normal operation of ports, including laws and regu-
lations, technical specifications, emergency plans, etc. C3 can
be subdivided into two scheme level indicators. Policy and
legal provisions (D7): The laws and regulations established by
the state at the legislative level for the prevention and control of
imported infectious diseases at ports, as well as the rules and
regulations conducted at the practical operational level. Emer-
gency response plan (D8): When an emergency situation sud-
denly occurs, there is an emergency response plan for imported
infectious diseases in advance, and the situation could be ef-
fectively controlled to minimize losses.

Infrastructure (C4). The infrastructure established by ports
to fulfill the function of preventing and controlling imported
infectious diseases, including hardware conditions such as
venues, equipment, platforms, etc.. C4 can be subdivided into
three scheme level indicators. Area setting (D9): The port
plans channels and areas for passengers and goods of different
risk categories, as well as physical spaces such as screening
rooms, isolation areas, quarantine points, etc. prepared to deal
with potential abnormal situations. Quarantine inspection
equipment (D10): Facial recognition devices, infrared thermal
imagers, X-ray machines, and other equipment used at ports
to inspect and identify the risk sources of imported infectious
diseases. Digital platform (D11): Utilizing information tech-
nology such as big data, collecting and analyzing input in-
formation on infectious diseases, as well as data related to
inbound personnel and goods, to realize a port information
management for risk warning and precise control.

Clearance disposal (C5). The port adopts relevant health
and quarantine technologies and methods, as well as person-
nel teams that meet professional requirements, to identify and
handle the risk sources of imported infectious diseases. C5
can be subdivided into four scheme level indicators. Profes-
sional personnel team (D12): Professional technical personnel
engaged in the prevention and control of imported infectious
diseases at ports, possessing professional knowledge and
skills in quarantine inspection, health supervision, personal
protection, etc., and regularly receiving business training.
Risk identification screening (D13): The techniques and
methods used to identify suspicious objects, including medi-
cal surveillance, medical screening, symptom monitoring,
epidemiological investigation, sample collection, etc. Rapid
detection at ports (D14): The technical capability of ports to
conduct on-site rapid identification and appraisal of suspi-
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cious objects detected through screening. Risk disposal (D15):
The port shall take appropriate control measures and stand-
ardized disposal methods for suspected or confirmed im-
ported infectious disease targets to prevent the spread of in-
fectious diseases, including harmless treatment of goods and
transportation of risk personnel.

Logistics support (C6). Logistics management auxiliary
measures taken by border ports include cleaning and disin-
fecting the working environment, waste disposal, material
reserves, etc. C6 can be subdivided into three scheme level
indicators. Public hygiene (D16): It mainly refers to the
cleaning and disinfection of public areas at the port, the hy-
giene guarantee of food and water, and the ventilation and
cleaning of areas where personnel and goods gather. Waste
disposal (D17): Standardized disposal of solid, liquid and
other waste generated from the prevention and control of
imported infectious diseases at ports to avoid pollution. Port
protective equipment (D18): When conducting frontline work
such as infectious disease detection and disposal at ports,
sufficient necessary equipment such as masks, goggles, and
protective clothing should be provided.

Joint prevention and control (C7). The joint efforts of border
ports, local governments, and relevant functional departments
to prevent and control imported infectious diseases form a
management loop and block the chain of transmission of in-
fectious diseases within the country. C7 can be subdivided into
three scheme level indicators. Organizational structure (D19):
A joint prevention and control organizational system led by the
local government, including customs, centers for disease con-
trol and prevention, hospitals, public security and other de-
partments, clarifying the prevention and control process and
task division. Local government investment (D20): The degree
to which the local government attaches importance to preven-
tion and control work, as well as the level of investment in
funds, personnel, venues, and other aspects, in order to prevent
imported infectious diseases from entering the location through
ports. Communication and collaboration (D21): The actual
operational efficiency of local joint prevention and control of
imported infectious diseases, including the completeness and
timeliness of data sharing, and the degree of coordination and
cooperation among relevant responsible departments.

Medical response (C8). The support capacity of local
medical and health resources for the prevention and control of
imported infectious diseases at ports, as well as the potential
for effective containment of infectious disease risks. C8 can
be subdivided into four scheme level indicators. Medical
service institutions (D22): The adequacy and treatment capa-
bilities of local medical service institutions, including suffi-
cient professional medical personnel, ward beds, diagnostic
equipment, isolation facilities, etc. Medical supplies reserve
(D23): The adequacy of medical supplies for local treatment
and prevention of infectious diseases, including drugs, vac-
cines, equipment, decontamination products, and other sup-
plies. Laboratory testing (D24): The local high-level labora-
tory conditions enable analysis and screening of rare patho-
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gens, referral samples, etc., providing laboratory technical
support for the identification of infectious diseases at ports.
Public awareness (D25): The level of local promotion and
education on infectious disease prevention and control, the
public's knowledge of hygiene and disease prevention, and the
awareness of individual proactive protection.

3.3. Method for Determining Indicator Weights

According to the evaluation index system for the preven-
tion and control capability of imported infectious diseases at
ports, AHP is used to further determine the weights of the
index system. Experts engaged in border port health quaran-
tine work and port public health research were invited to score
the evaluation indicators. Experts will compare the indicators
at the same level pairwise, and the scoring rules will use a
9-point scale, as shown in Table 1. The weight vector of the
evaluation index will be calculated by judging the eigenvec-
tors of the matrix, and the maximum eigenvalue will be used
for consistency testing. The steps are as follows.

Table 1. Scale and meaning of judgment matrix.

Scale Meaning

1 Element i is equally important as element j

3 Element i is slightly more important than element j

5 Element i is significantly more important than ele-
ment j

7 Element i is more strongly important than element j

9 Element i is extremely more important than element
]

2,4,6,8 The median of the adjacent scales mentioned above
If the ratio of the importance of element i to element

Countdown jis aij, then the ratio of the importance of element j

to element i is aji=1/ajj

3.3.1. Constructing Judgment Matrices

Geometric mean processing will be performed on the ex-
pert rating results to construct a judgment matrix, as shown in
equation (1). Among them, ajj is the geometric mean of the
comparison results between indicators i and j at the same level,
and n is the number of indicators. Based on this, judgment
matrices for the criterion layer, sub-criterion layer, and
scheme layer can be constructed separately.

Q1 8 - G

M

a a e a
a=|® Bz B

8y 8y - @

Using the summation method to calculate weight vectors

W=(Wy, Wa, ... Wn)T,
by = =7 — @)
4%

n
U = jzlb'j (3)

W= i
[ 4
n U (4)

i=1

In the above equations, bj; is the corresponding element in
the new matrix B obtained by normalizing each column of the
judgment matrix A, u; is the accumulated value of all elements
in the i row of the new matrix B, and w; is the normalized
corresponding value of element u;, which is the corresponding
weight value of evaluation indicator i.

3.3.2. Consistency Check

By calculating the consistency ratio (CR), further con-
sistency testing is performed on the judgment matrix to de-
termine the logical rationality of expert evaluation. The
maximum eigenvalue Amax Of the judgment matrix can be
calculated using formula (5). The Consistency Index (CI)
represents the consistency index of the judgment matrix, and
the calculation formula is shown in equation (6).

_ 1 (AW,
Fa =~ iZ:l]—Wi (5)
_ ﬂ'max il
Cl == (6)
CR=CI/RI (7)

RI is a random consistency indicator, as shown in Table 2.

Table 2. Random consistency index.

Matrix 2 3 4 5 6 7 8
order
RI 0 0 052 089 112 126 136 141

When CR<0.1, the judgment matrix passes the consistency check,
otherwise it needs to be readjusted until the judgment matrix meets
the consistency requirements.
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3.4. Fuzzy Comprehensive Evaluation Method

3.4.1. Factor set and Comment Set

The factor set U is a collection of relevant factors that have
an impact on the evaluation object. The evaluation index
system mentioned above constitutes the factor set for evalu-
ating the prevention and control capabilities of imported in-
fectious diseases at ports, which is specifically divided into
four layers, U={ui} (i=1, 2, 3, 4). The first target layer is the
evaluation of the ability to prevent and control imported in-
fectious diseases at the port us, the second criterion layer u;
consists of 3 factors, the third criterion layer us consists of 8
factors, and the fourth scheme layer us consists of 25 factors.
The comment set V={vi, Vo, ..., Vm} is the collection of all
evaluation results given by the evaluation subject to the
evaluation object. According to the implementation of pre-
vention and control of imported infectious diseases at Chinese
border ports, the evaluation results are divided into 5 levels.
The evaluation set is defined as V={very good, good, average,
poor, very poor}, with corresponding scores of {100, 80, 60,
40, 20}, thus comprehensively demonstrating the level of
cross-border transmission prevention and control of infectious
diseases.

3.4.2. Fuzzy Comprehensive Evaluation

On the basis of determining the factor set and comment set,
the membership degree of the evaluation indicator u; can be
further calculated and quantified by distributing question-
naires. The fuzzy evaluation matrix is R=(rij)n-m, Where rjj is
the membership value of the evaluation index corresponding
to the comment set. Multiplying the weight vector W of the
evaluation indicators for the prevention and control capability
of imported infectious diseases at the port with the fuzzy
evaluation matrix R yields the evaluation result vector G of

the corresponding hierarchical evaluation indicators, as
shown in equation (8).

G =W xR
hi ho i
= (W, owy)| 22T )
M1 T2 fom
=(91,92,"Om)

According to the principle of maximum membership
degree, the evaluation grade of the target can be determined.
Through the comment score and the corresponding weight,
the score of the target can be further calculated. In this
paper, the fuzzy comprehensive evaluation will start from
the lowest level of the scheme layer factors, step by step
upward evaluation, until the calculation of the evaluation
vector of the target layer, to evaluate the prevention and
control ability of imported infectious diseases at border
ports in China.

4. Empirical Analysis

4.1. Calculation of Indicator Weights

According to the calculation steps of indicator weights ex-
plained earlier, experts in the field of infectious disease pre-
vention and control at ports were invited to compare the in-
dicators at the target layer, criterion layer, and sub-criterion
layer pairwise, assign values, and perform geometric mean
processing on the data to calculate the element values of the
judgment matrix. The evaluation values of the five experts are
shown in Table 3.

Table 3. Expert evaluation.

Indicator

Overseas prevention and control in advance B1 1
port site prevention and control B2 5;3;8;2;1
domestic collaborative prevention and control B3 3;5;5;1;1

According to equation (5), the maximum eigenvalue is
calculated, A, =3.015.

Cl = (Apay —N)/ (N—1=0.0075 ,

CR=CI/RI=0.0144,

Overseas prevention and
control in advance B1
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port site preven- domestic collaborative
tion and control B2  prevention and control B3

\
1

\
\

0.5;0.2;05;1;1 1

Since the CR is less than 0.1, it is considered that the
judgment matrix has passed the consistency test, and the
weight vectors of the target layer indicators are calculated as
(0.1549, 0.5209, 0.3242).

Similarly, through consistency testing, the indicator
weights of the criterion layer and the sub-criterion layer can
be solved separately. The weights of the indicator system are
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shown in Figure 2.

Evaluation of prevention and control ability of imported infectious
diseases at ports A

B,(0.155)
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IMHI T
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Figure 2. Weight of evaluation indicators for the prevention and control capability of imported infectious diseases at ports.

4.2. Analysis of Indicator Weight Results

From the perspective of criterion level indicators, the
weight of indicator B2 is 52.09%, accounting for more than
half of the total, and is the most core indicator for evaluating
the ability of ports to prevent and control imported infectious
diseases. Border ports are key places for preventing and con-
trolling the spread of imported infectious diseases within the
country, and the government has invested a large number of
personnel, equipment, and platforms at the ports. A special-
ized health and quarantine system has become an important
guarantee for safeguarding the biological safety of national
borders. The weights of indicators B3 and B1 are 32.42% and
15.49% respectively, indicating that the reuse of domestic
linkage prevention and control is more prominent. The local
government attaches great importance to the prevention and
control of imported infectious diseases, which can form an
important supplement to the prevention and control work at
ports, thereby limiting the risk of imported infectious diseases

within a controllable range and avoiding large-scale outbreaks.

Pre prevention and control measures taken overseas have a
positive effect on the normalization of monitoring and early
warning of imported infectious diseases, which can provide
more favorable conditions for ports to prevent and control key
infectious diseases in advance.

From the perspective of sub-criteria indicators, the two in-
dicators of clearance disposal (C5) and joint prevention and
control (C7) have a relatively high weight, accounting for
over 15% of the total. This indicates that the prevention and
control of imported infectious diseases should be addressed
through the inspection, identification, and standardized dis-
posal of infectious diseases at ports, as well as effective col-
laborative measures taken by local governments. Secondly,

the three indicators of prevention and control mechanism (C3),

infrastructure (C4), and medical response (C8) have similar
weights, accounting for over 10% of the total. Comprehensive
policies and regulations can provide institutional guarantees
for the prevention and control of imported infectious diseases
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at ports, advanced infrastructure can provide reliable hard-
ware support, and strong local medical and health resources
can effectively control the risk of infectious disease spread.
Therefore, these indicators are relatively important. The three
indicators of information acquisition (C1), import environ-
ment (C2), and logistics support (C6) account for a relatively
low proportion. Due to the fact that the physical links of in-
fectious disease prevention and control are at ports and do-
mestic medical facilities, and more emphasis is placed on
innovation in program design, inspection methods, medical
technology, etc., the requirements for routine matters are not
high. Therefore, these three indicators have a relatively small
direct impact on the prevention and control of imported in-
fectious diseases at ports compared to other indicators.

From the perspective of scheme level indicators, the compre-
hensive weight of the professional personnel team (D12) is the
highest, reaching 9.15%, indicating that high-quality health and
quarantine professionals have played a significant role in infec-
tious disease identification, sanitation treatment, port construc-
tion, and are crucial for preventing and controlling imported
infectious diseases. The weights of indicators such as local gov-
ernment investment (D20), policy and legal provisions (D7), and
communication and collaboration (D21) all exceed 5%, indicat-
ing that scientific health and quarantine legal basis, sufficient
resources invested by local governments in infectious disease
prevention and control, and close cooperation between relevant
responsible departments can significantly improve the ability to
prevent and control infectious diseases. In contrast, indicators
reflecting objective factors from overseas and indicators reflect-
ing domestic public environment have smaller weights. The
weights of six indicators, namely international epidemic situation
(D1), cross border cooperation (D3), climate factors (D4), area
setting (D9), public hygiene (D16), and public awareness (D25),
are all less than 2.5%, with international epidemic situation (D1)
having the lowest proportion. The above results analysis is ba-
sically consistent with the policy orientation and practical work
of imported infectious disease prevention and control at ports,
and meets the relevant requirements for enhancing the core ca-
pacity of public health at ports.
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4.3. Analysis of Fuzzy Comprehensive
Evaluation Results

This article takes J Port in Jiangsu Province, China as the
empirical research object and conducts a fuzzy evaluation of
its ability to prevent and control imported infectious diseases.
The evaluation level set V={v1, V2, v3, V4, vs}={very good,

good, average, poor, very poor}. 15 experts in the field of
imported infectious disease prevention and control at J port
were invited to conduct a fuzzy evaluation of the 25 indicators
at the scheme level based on their professional theoretical
knowledge and daily work. The evaluation results of the
evaluation indicators are shown in Table 4.

Table 4. Results of Evaluation Indicators.

Indicator Vi V2

D1 0.067 0.333
D2 0.067 0.467
Ds 0.133 0.467
D4 0.133 0.267
Ds 0.133 0.200
Ds 0.133 0.267
D~ 0.333 0.600
Ds 0.267 0.600
Ds 0.200 0.467
D1o 0.067 0.533
Du 0.200 0.400
D12 0.133 0.533
D13 0.067 0.600
D14 0.133 0.467
Dis 0.133 0.733
Dis 0.200 0.733
D17 0.267 0.667
Dis 0.533 0.467
Dio 0.600 0.333
D20 0.267 0.267
D21 0.400 0.467
D22 0.267 0.667
D23 0.400 0.467
D24 0.267 0.400
D2s 0.067 0.533

From the above table, it can be found that the evaluation
opinions of the four indicators D1, D9, D11 and D12 are
relatively scattered, and five different fuzzy evaluation levels
are included. The evaluation opinion of indicator 18 is the
most concentrated, including only two evaluation grades.
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V3 Va4 Vs

0.267 0.267 0.067
0.200 0.267 0.000
0.267 0.133 0.000
0.267 0.333 0.000
0.333 0.333 0.000
0.533 0.067 0.000
0.067 0.000 0.000
0.067 0.067 0.000
0.133 0.133 0.067
0.333 0.067 0.000
0.200 0.133 0.067
0.133 0.133 0.067
0.267 0.067 0.000
0.333 0.067 0.000
0.133 0.000 0.000
0.067 0.000 0.000
0.067 0.000 0.000
0.000 0.000 0.000
0.067 0.000 0.000
0.333 0.133 0.000
0.067 0.067 0.000
0.067 0.000 0.000
0.133 0.000 0.000
0.267 0.067 0.000
0.267 0.133 0.000

Based on the evaluation results of the scheme layer indi-
cators, a fuzzy evaluation matrix for the sub-criterion layer
can be obtained. The fuzzy evaluation matrix Rc: of indicator
Clis:
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0.067 0.333 0.267 0.267 0.067
Rcp =| 0.067 0.467 0.200 0.267 0.000
0.133 0.467 0.267 0.133 0.000

According to the multi-level fuzzy comprehensive evalua-
tion theory, equation (8) was used to calculate the fuzzy
evaluation vector of the sub-criterion layer indicator C1:

0.067 0.333 0.267 0.267 0.067
Gep =(0.1333,0.5708,0.2959) x| 0.067 0.467 0.200 0.267 0.000
0.133 0.467 0.267 0.133 0.000

= (0.0864,0.4489,0.2286,0.2272,0.0089)

Similarly, the fuzzy evaluation vectors of the remaining 7
indicators in the sub-criterion layer can be calculated se-
quentially.

Gc2=(0.1333, 0.2299, 0.3859, 0.2509, 0)

Gc3=(0.3053, 0.6000, 0.0667, 0.0280, 0)

Gc4=(0.1395, 0.4761, 0.2450, 0.1031, 0.0364)

Gc5=(0.1185, 0.5702, 0.1999, 0.0833, 0.0281)

Gcs=(0.3677, 0.5952, 0.0372, 0, 0)

G¢7=(0.3730, 0.3439, 0.1966, 0.0865, 0)

Ges=(0.2579, 0.5229, 0.1757, 0.0435, 0)

According to the principle of maximum membership de-
gree, the six indicators of C1, C3, C4, C5, C6, and C8, have
the highest degree of membership in the "good™ category, so
these indicators are judged to be at the "good" level. The
indicator C2 has the highest degree of membership in the
"general™ level, therefore it is considered that the input envi-

Gg, = (0.4543,0.5457) x[

ronment indicator is at the "general” level. In addition, the
indicator C7 has the highest degree of membership in the
"very good" level, so it is judged that the joint defense control
is at the "very good" level.

According to the fuzzy evaluation vector of the
sub-criterion layer, the fuzzy evaluation matrix of the corre-
sponding criterion layer indicators can be obtained, where the
fuzzy evaluation matrix Rg; of indicator B1 is:

_ (0.0864,0.4489,0.2286,0.2272,0.0089
B1710.1333, 0.2299, 0.3859, 0.2509, 0 |’

Thus, the fuzzy evaluation vector of indicator B1 can be
further calculated.

0.0864,0.4489,0.2286,0.2272,0.0089
0.1333, 0.2299, 0.3859, 0.2509, 0

=(0.1120,0.3294,0.3144,0.2401,0.0040)

Similarly, the fuzzy evaluation vectors of the other two
indicators in the criterion layer can be calculated.

Gg2=(0.2048, 0.5619, 0.1530, 0.0613, 0.0190)

Gg3=(0.3218, 0.4236, 0.1873, 0.0674, 0)

It is not difficult to find that both the indicator B2 and
Blare at a "good" level. The indicator B1 is at a "good" level,
but its membership degree between "good" and "general"

levels is very close, indicating that the overseas pre prevention
and control measures actively taken by J port are slightly
insufficient.

Next, based on the fuzzy evaluation matrix of the criterion
layer, the fuzzy evaluation vector of imported infectious dis-
ease prevention and control capability of J port can be calcu-
lated.

0.1120,0.3294,0.3144,0.2401,0.0040
G, =1(0.1549,0.5209,0.3242) x| 0.2048,0.5619,0.1530,0.0613,0.0190
0.3218,0.4236,0.1873,0.0674,0.0000

=(0.2284,0.4810,0.1891,0.0910,0.0105)

Matching the scores of each element in the evaluation set
with their corresponding membership degrees can further
quantify the evaluation result F.

F=[0.2284, 0.4810, 0.1891, 0.0910, 0.0105]*[100, 80, 60, 40,
20]"=76.51

Based on the above results, it can be found that the im-

ported infectious disease prevention and control capability of
J port belongs to the highest membership degree of “good"
level, which is 0.481. Therefore, the fuzzy comprehensive
evaluation result is "good". The quantitative results further
show that the imported infectious disease prevention and
control capability score of J Port is 76.51, which is between
"good" and "average". It can be considered that the imported
infectious disease prevention and control capability of J Port
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is at a level of "good" to "average". Therefore, there is still
room for improvement in the prevention and control capabil-
ities of imported infectious diseases at J Port.

5. Research Conclusions and Suggestions

5.1. Research Conclusions

Preventing and controlling the spread of imported infectious
diseases through ports into the country is an important com-
ponent of building a national public health system, playing a
crucial role in maintaining social security and stability, and
safeguarding people's physical health. Faced with the increas-
ingly severe situation of infectious disease prevention and
control, grasping the key points of imported infectious disease
prevention and control at ports, and accurately identifying weak
links have become important theoretical and practical issues.
Based on this, this article combines existing theoretical re-
search and China's port imported infectious disease prevention
and control policy system, and uses AHP to construct an eval-
uation index system for imported infectious disease prevention
and control capabilities of border ports, which includes 3 crite-
rion level indicators, 8 sub-criterion level indicators, and 25
scheme level indicators, solving the uncertainty problem be-
tween qualitative indicators. Meanwhile, taking J Port in
Jiangsu Province, China as an example, the fuzzy comprehen-
sive evaluation method was used to empirically evaluate its
ability to prevent and control imported infectious diseases,
verifying the rationality and operability of the indicator system.
The results show that the professional personnel team has the
greatest impact on the prevention and control capabilities of
infectious diseases at ports, while the influence of local gov-
ernment investment, policies and laws, and communication and
collaboration is more important. The overall prevention and
control capability of imported infectious diseases at J Port is at
a "good" to "average" level. This article can provide reference
for optimizing the prevention and control path of imported
infectious diseases and enhancing the core capacity of public
health at ports.

5.2. Suggestions

Firstly, strengthen the construction of professional talent
team. Professional talents are the most important factor in
preventing and controlling imported infectious diseases.
Specific work in infectious disease prevention and control,
such as medical examinations, epidemiological investigations,
medical assistance, and emergency response, cannot be sep-
arated from professional talents. A high-quality health and
quarantine team can provide comprehensive talent support
and intellectual support for improving the prevention and
control capabilities of imported infectious diseases at ports.
Therefore, it is necessary to improve the quality of talent
introduction at the source and strengthen the effective con-
nection between the talent training system in universities and
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the practice of port health and quarantine. Strengthening
professional knowledge and skills training, improving incen-
tive mechanisms for career development, and actively en-
gaging in international cooperation can all help improve the
comprehensive quality of the existing talent team in customs.

Secondly, accelerate technological innovation in health and
quarantine. The construction of smart customs is an important
measure for Chinese ports to enhance their ability to prevent
and control infectious diseases. Technological innovation can
significantly improve the accuracy and timeliness of the
prevention and control of imported infectious diseases at ports.
Therefore, ports need to actively integrate information tech-
nology such as artificial intelligence and big data into the
application scenarios of infectious disease prevention and
control, vigorously develop and promote the use of intelligent
detection equipment and digital platforms, and continuously
improve the monitoring, identification, and early warning
capabilities of imported infectious diseases using new tech-
nologies. In addition, the customs need to provide policy
guidance, encourage frontline personnel to participate in
academic research, patent applications, scientific research
projects, etc., and actively create a strong scientific research
atmosphere, so as to enhance the innovative potential of in-
fectious disease prevention and control work.

Thirdly, deepen cooperation in epidemic prevention and
control among relevant regions. Preventing and controlling
the spread of imported infectious diseases within the territory
is the joint responsibility of customs and local governments.
Through multi-party cooperation, all parties can leverage their
respective advantages to jointly ensure the public health and
safety of the territory. Therefore, customs and relevant local
responsible departments need to carefully formulate and
strictly implement joint prevention and control plans for im-
ported infectious diseases, regularly communicate and judge
the development situation of infectious diseases, timely share
infectious disease risk information, and build a clear division
of labor and closely coordinated work chain. The local gov-
ernment needs to increase its support for customs on infec-
tious disease prevention and control, further improve policies
and regulations, timely allocate necessary medical supplies
and emergency personnel, strengthen the construction of
medical institutions and laboratories, and provide strong local
comprehensive support.
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