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A cross-sectional survey of
international voyage ships
entering Zhoushan Port by
sea, Zhoushan, 2020-2022
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Kefeng Li1, Wei Chen2 and An Tang1*

1Zhoushan Municipal Center for Disease Control and Prevention, Zhejiang, China, 2Outpatient
Department of The Second People's Hospital of Zhoushan, Zhejiang, China
Crew members aboard international voyage ships are susceptible to imported

acute respiratory infections, leading to clusters of outbreaks that pose challenges

to the health of crewmembers. The aim of the proposed study was to optimize a

plan for the quarantine process and rescue measures in response to a

coronavirus disease 2019 (COVID-19) outbreak at sea to provide policy

guidance for the prevention and control of severe infectious diseases on

international voyage ships. Here, we described the baseline characteristics of

international voyage ships and crew members entering Zhoushan Port from

2020 to 2022 and analyzed the factors influencing the incidence rate of COVID-

19 among crew members. There were 161 COVID-19 cases among cargo ships

entering Zhoushan Port by sea, with an average incidence rate of 16.00% (95% CI:

13.73%–18.27%). The incidence rate of COVID-19 was significantly higher among

crewmembers with replacement, long voyage, and those who stayed at multiple

anchorages or stayed for a long time. The risk of COVID-19 infection for crew

members staying at more than 4 anchorage was the highest, which was 2.667

(95% CI: 1.857–3.830) times that of crew members staying at less than 4

anchorage. We developed and refined the workflow for a public health

assistance plan for outbreaks at sea on the basis of our experience with several

COVID-19 outbreaks on international voyage ships. The workflow includes

fundamental requirements, sampling and testing methods, personnel transfer

procedures, medical waste disposal guidelines, and disinfection procedures for

affected ships. Our public health assistance plan can be applied to other

international voyage ships for which urgent public health assistance is needed

during sudden infectious disease outbreaks.
KEYWORDS

international voyage ship, Zhoushan port, COVID-19, cross-sectional survey, public
health assistance
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1 Introduction

Since infection by severe acute respiratory syndrome

coronavirus 2 (SARS-CoV-2) was first recorded in humans in

December 2019, this virus has caused many infections and deaths

(Zhang et al., 2023). At present, coronavirus disease 2019 (COVID-

19) is still a global pandemic that has had a significant impact on

healthcare systems, economic development, and social stability

worldwide (Yuan et al., 2023).

International voyage ships account for more than 80% of

international trade and play an important role in economic and

cultural exchanges (Cardoso et al., 2022). However, crew members

aboard international voyage ships frequently interact with diverse

populations, and these ships have relatively enclosed environments,

with limited onboard medical facilities (Kak, 2015). This has created

great challenges for international voyage ships, including SARS-

CoV-2 infection at sea, crew replacement, and healthcare assistance.

Recently, several COVID-19 outbreaks at sea have been reported

worldwide (Maeda et al., 2021; Plucinski et al., 2021; Walker et al.,

2021). Relevant public health assistance must be implemented to

address these outbreaks at sea.

To address these health threats and minimize the interference of

COVID-19 on maritime traffic, on the basis of our experience in the

investigation and treatment of these COVID-19 outbreaks on

international voyage ships, we developed and refined a plan for

such outbreaks. Here, we describe the epidemiological

characteristics of this COVID-19 outbreak and the rescue

measures implemented for crew members at sea. Through this

plan, we provide policy recommendations for the control and

prevention of sudden severe infectious diseases on international

voyage ships.
2 Materials and methods

2.1 Baseline information

During the period from 2020-2022, the Zhoushan Municipal

Center for Disease Control and Prevention (Zhoushan CDC)

received an online report of 161 COVID-19 cases, which were

distributed on 45 cargo ships entering Zhoushan Port by sea.

Zhoushan has a coastline of over 2440 kilometers, making it the

city with the longest island coastline in China. Zhoushan Port is an

important node in the comprehensive transportation network of the

Yangtze River Delta.
2.2 Data collection

Information on COVID-19 cases imported from the sea at

Zhoushan Port, as well as data from international voyage ships

docking at Zhoushan Port for humanitarian assistance, was

collected from the “Infectious Disease Reporting Information

Management System” (IDRIMS) and the “Public Health
Frontiers in Marine Science 02
Emergency Information Management System” (PHEIMS). We

used the VLOOKUP function to match these data with “ship

name” as the keyword to obtain the epidemiological information

of the crew members and the navigation information of the ships.
2.3 Study population

The inclusion criteria of the study population were as follows: ①

crew members of international voyage ships entering Zhoushan

port from 2020 to 2022; ② a clear history of SARS-CoV-2 exposure;

and ③ cases were diagnosed as SARS-CoV-2 infection by laboratory

tests. The exclusion criteria for the study population were as follows:

① crew members who did not enter Zhoushan port from 2020 to

2022; ② a ship type that was not a cargo ship; ③ no history or

insufficient evidence of SARS-CoV-2 exposure; and ④ cases with

negative results after repeated laboratory tests or suspected cases

and clinically diagnosed cases without laboratory testing

(Kordsmeyer et al., 2021).
2.4 Definitions

A laboratory-diagnosed case was defined as a positive test result

for SARS-CoV-2 infection confirmed by real-time fluorescence

quantitative polymerase chain reaction (real-time PCR) at the

Zhoushan CDC with or without signs and symptoms of COVID-

19 in a crew member of international voyage ships (Guagliardo

et al., 2023). The clinical signs and symptoms of COVID-19

recognized worldwide include fever, fatigue, cough, shortness of

breath, sore throat, headache, and smell and taste disorders

(Alharthy et al., 2021; Dao et al., 2021; Hu et al., 2021).

The incidence rate was defined as the incidence of SARS-CoV-2

infection among crew members of international voyage ships. The

calculation method for the incidence rate was as follows: the total

number of cases ÷ the total number of crew members × 100%.

Crew replacement was defined as when a crew member

disembarked from the ship after completing handover procedures

and another crew member embarked after completing identity

verification and registration. The crew certificates and handover

records of the new crew member must meet the requirements.

Health certificates were also required during the COVID-

19 epidemic.

Voyage time was defined as the actual time a ship moved at sea,

excluding non-voyage time such as port loading, refueling,

and maintenance.

Extreme value was defined as data that were outside the range of

mean ± 2 standard deviations.
2.5 Measures

We took the following measures on the basis of our experience

with the COVID-19 outbreaks on international voyage ships.
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1. Establishment of a rescue system. Professional working

groups on public health assistance were quickly set up,

and the heads of the professional groups were responsible

for arranging the composition and responsibilities of the

staff. The local government has organized relevant

departments to provide good guidance and supervision,

such as customs, the CDC at all levels, and pest control

operations (PCOs).

2. Monitoring of key personnel. The key personnel included

sick crew members, staff who boarded the ship for rescue,

and medical staff from designated hospitals. Given the need

to maintain the ship’s power, sick crew members disembark

in batches for medical assistance according to the severity

of their illness. Crew members who tested negative for

SARS-CoV-2 infection were isolated in the cabin or

transferred to the centralized isolation point for 14 days

of medical observation. The staff who participated in

boarding and rescue implemented “7 + 7” management,

that is, 7 days of centralized isolation observation and 7

days of home health monitoring. Medical staffs in

designated hospitals live in designated places, and they

are picked up in a point-to-point manner by special buses

for commuting.

3. Environmental disinfection and sterilization. Three rounds

of terminal disinfection of the ship involved in the epidemic

were carried out. With the customs department as the main

body, personnel of the provincial and municipal CDC

provided guidance. Personnel of the PCO boarded the

ship to carry out terminal disinfection work in the

epidemic area of concern, involving the crew members’

living area, work area, engine room, and other places. All

daily necessities on board were disposed of in accordance

with medical waste and handled by environmental

protection companies. After the ship was disinfected,

environmental sampling was carried out. Environmental

sampling of the tugboats involved in the rescue was also

carried out.
2.6 Laboratory testing

In accordance with the Plan for the Prevention and Control of

Pneumonia Caused by SARS-CoV-2 (Version 2) issued by the

National Health Commission in 2020, oropharyngeal and

nasopharyngeal swab samples from crew members were collected

to detect SARS-CoV-2. Real-time PCR was used to determine

whether SARS-CoV-2 infection was present. The work was

conducted in a biosafety level 2 laboratory (BSL-2).
2.7 Statistical analysis

The mean was used to describe the age of the crew members.

The rate was used to describe the incidence rate of COVID-19. The
tiers in Marine Science 03
95% confidence interval (95% CI) of incidence rate was estimated

by normal approximation (Daly, 1998). The proportion was used to

describe the proportion of a certain part of a population, expressed

as the percentage (%) in the results. The median was used to define

the threshold for level variables. The Wald chi-square test was used

to evaluate whether there was a significant difference in crew

replacement as well as whether there was a significant difference

between different voyage times, different stay times at anchorages,

and different anchorage numbers. The significance threshold was

0.05. All the statistical analyses were conducted using R software (R

version 4.0.3). All the figures were drawn using WPS Office

(version 12.1.0).

The work received ethical approval from the Ethics Committee

of the Zhoushan CDC (approval number: Zs21-02). According to

the “Ethical Review Measures for Biomedical Research Involving

Human Beings” issued by the former National Health and Family

Planning Commission in 2016, the ethics committee approved the

exemption of subjects from signing informed consent forms.
3 Results

3.1 Basic information

3.1.1 Ships information
Among the international voyage ships entering Zhoushan Port

by sea, 45 crew members were infected with SARS-CoV-2. The

main sources of ship registration were 17 countries and regions.

Among them, Panama had the largest number of ships, accounting

for 24%, followed by Marshall Islands nationality (16%), Russian

nationality (13%), Liberian nationality (11%), and Singaporean

nationality (7%). Please refer to Appendix Table 1 for specific

details. These ships passed through 54 countries and regions

before arriving at Zhoushan Port, mainly Singapore, Japan, the

Philippines, Russia, South Korea, Indonesia, India, and Australia.

Among them, the port in Singapore was one of the busiest Asian

ports, with 15 ships remaining at the anchorage for a total of 43

days. Next, the port in Japan had 9 ships staying at the anchorage

for a total of 60 days. The longest stay in the anchorage of a Russian

port was 121 days, with a total of 7 ships. Please refer to Appendix

Table 2 for specific details.

3.1.2 Crew members’ information
There were 161 COVID-19 cases among international voyage

ships entering Zhoushan Port by sea, with an average incidence rate

of 16.00% (95% CI: 13.73%–18.27%). Among them, the incidence

rate of ships in Hong Kong was the highest (60.0%), followed by the

incidence rate of ships in Bangladesh, which was 37.5%. The

incidence rates of Liberian ships, Panamanian ships and Bahamas

ships were 29.5%, 28.1% and 21.1%, respectively. See Appendix

Table 3 for specific details. According to Table 1, the sex of the sick

crew members was mainly male (99.4%), which was related to the

occupation of the crew members. The age of the sick crew members

ranged from 18–67 years, with an average age of 37.5 years. The 31–

40 year age group had the highest number of sick crew members,
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accounting for 40.0% of all crew members. In terms of race, 65.8%

were Asian, and 34.2% were white. Among the sick crew members,

64.60% had been replaced. The incidence rate of COVID-19 was

significantly higher among crew members with replacement, those

who sailed for more than 38 days, those who stayed at anchorage for

more than 15 days, and those who stayed at more than 4

anchorages. The risk of COVID-19 infection for crew members

staying at more than 4 anchorage was the highest, which was 2.667

(95% CI: 1.857–3.830) times that of crew members staying at less

than 4 anchorage.

3.1.3 Sensitivity analysis
We conducted sensitivity analysis after excluding extreme

values of voyage time. Similarly, the incidence rate of COVID-19

was higher among the crew members with replacement, long

voyage, and those who stayed at multiple anchorages or stayed

for a long time. In addition to Crew replacement, the risk of

COVID-19 infection among crew members with long voyage and
Frontiers in Marine Science 04
those who stayed at multiple anchorages or stayed for a long time

had increased. See Appendix Table 4 for specific details.
3.2 Public health assistance plan

3.2.1 Organizational management
To implement the public health assistance plan, the following

professional working groups were established: a comprehensive

coordination group, an epidemiological investigation group, a

sampling and testing group, a personnel transport group, an

environmental disinfection group, and a logistics support group.

Point leaders were appointed at specific places, including infected

ships, transport ships, wharfs, and designated hospitals, where there

was a risk of spreading the virus to supervise the implementation of

personnel transfer and epidemic control at each point.

3.2.2 Material preparation
Professionals were responsible for the procurement,

management, storage, and distribution of epidemic prevention

materials. Protective equipment included protective clothing,

medical masks, medical hats, goggles, gloves, rubber shoes,

waterproof shoe covers, waterproof aprons, etc., which met the

requirements of WS/T 697-2020. Disinfection materials include

chlorine-containing disinfectants, compound quaternary

ammonium salts, ethanol, etc., which meet the requirements of

GB/T 36758.

3.2.3 Sampling
On the basis of the risk assessment, the samplers wore

secondary protective equipment and collected samples from the

crew members in accordance with the Plan for the Prevention and

Control of Pneumonia Caused by SARS-CoV-2 (Version 2) issued

by the National Health Commission in 2020. Two upper respiratory

tract samples, oropharyngeal swabs and nasopharyngeal swabs,

which were placed in the same sample tube, were taken from

each individual. The decision to collect additional samples was

made on the basis of the results of the risk assessment. The samples

were collected and sent to two departments with testing

qualifications for parallel testing.

3.2.4 Personnel transfer
The transport of infected persons was divided into two

situations on the basis of the number of infected persons (Figure 1):
1. The number of crew members who tested positive for

SARS-CoV-2 infection was relatively small. If crew

members who tested negative for SARS-CoV-2 infection

could still maintain the ship’s power according to the

postsetting requirements, all crew members who tested

positive for SARS-CoV-2 infection were transferred at

one time. Port supervisors took the transfer ship to the

anchorage and supervised crew members who tested

positive for SARS-CoV-2 infection, recommending that

they take secondary protection measures. The personal
TABLE 1 Demographic characteristic of sick crew members on
international voyage ships entering Zhoushan Port by sea.

Variable n % c2 P OR (95%CI)

Sex

Male 160 99.38
/ / /

Female 1 0.62

Age

<20 3 1.86

/ / /

21-30 39 24.22

31-40 65 40.37

41-50 39 24.22

>50 15 9.32

Race

White 55 34.16
/ / /

Asian 106 65.84

Crew replacement

Yes 104 64.60
10.175 0.001 1.786 (1.259–2.535)

No 57 35.40

Voyage time (d)

<38 66 40.99
11.231 <0.001 1.813 (1.287–2.552)

≥38 95 59.01

Staying at anchorage time (d)

<15 53 32.92
22.862 <0.001 2.377 (1.666–3.392)

≥15 108 67.08

Anchorages number

<4 49 30.43
28.719 <0.001 2.667 (1.857–3.830)

≥4 112 69.57
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belongings of crew members were disinfected. Supervisors

maintained a certain distance from crew members who

tested positive for SARS-CoV-2 infection and were not in

the same enclosed space as infected individuals. Individuals

who tested positive for SARS-CoV-2 infection maintained a

distance of more than 1 meter from each other and

disembarked to transfer ships in sequence. After arriving

at the dock, the supervisor guided the crew members who

tested positive for SARS-CoV-2 infection to walk to the

negative pressure ambulance along the designated route.

During the whole process, supervisors were not allowed

direct physical contact with crew members who tested
tiers in Marine Science 05
positive for SARS-CoV-2 infection. In the process of land

personnel transfer, rush hours, congested roads, and

crowded areas were as common as possible. After the

ambulance arrives at the designated hospital, the medical

staff on duty guided the crew members who tested positive

for SARS-CoV-2 infection to enter the isolation ward via

the designated route. Crew members who tested negative

for SARS-CoV-2 were isolated in a single room on the ship.

Daily health monitoring was needed.

2. Many crew members tested positive for SARS-CoV-2

infection. In this situation, crew members who tested

positive for SARS-CoV-2 infection could not maintain
FIGURE 1

Public health assistance for the coronavirus disease 2019 (COVID-19) outbreak on international voyage ships.
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the ship’s power according to the postsetting requirements.

To maintain the safety of ships at sea, it was necessary to

disembark them in batches for rescue. Crew members were

transferred in batches; that is, some of the crew members

were transferred first, and the necessary crew members

were left behind to maintain the ship’s power. After the

shipping company called for a full shift of crew members,

the remaining crew members who tested positive for SARS-

CoV-2 infection were transferred for treatment. In

addition, new crew members were organized to board

and change shifts. All crew members who tested positive

for SARS-CoV-2 infection were subjected to risk

assessment and disembarked in batches according to the

severity of their illness, importance of their position, and

age until new crew members replaced them. If the number

of remaining crew members was not enough to maintain

the ship’s power, the local government arranged enough

tugs to guard the ship and turn on the main lighting on the

ship at night. Crew members who tested negative for SARS-

CoV-2 infection were generally transferred after crew

members who tested positive for SARS-CoV-2 infection

were transferred. The crew members could be transferred

one hour after the point, and the transfer ship was

disinfected. The transfer process was similar to that when

the number of crew members who tested positive for SARS-

CoV-2 infections was small.
4 Discussion

After the outbreak of COVID-19, it was necessary not only to

protect the health of crew members to avoid further spread of the

illness but also to maintain the power of the ship. These conditions

required us to formulate a public health assistance plan for

outbreaks of infectious diseases on these international voyage

ships. We have developed and refined a plan for an outbreak of

acute respiratory infectious diseases, which can provide policy

recommendations for the control and prevention of sudden

severe infectious diseases on international voyage ships.

Because of the enclosed or semienclosed environment and poor

ventilation of international voyage ships, the rapid spread of

infectious diseases easily occurs (Phares and Ortega, 2014).

Among the international voyage ships entering Zhoushan Port by

sea, the average incidence rate of crew members was 16.00% (95%

CI: 13.73%–18.27%). The previous COVID-19 outbreaks involving

international voyage ships were mainly concentrated on cruise

ships, although a few were naval ships and cargo ships. On the

Diamond Princess cruise ship and the Grand Princess cruise ship,

the incidence rate of COVID-19 was 19.20% and 16.60%,

respectively (Moriarty et al., 2020). The USS Theodore Roosevelt

(TR) naval ship had an incidence rate of COVID-19 of 18.02%

(Alvarado et al., 2020). These reports are consistent with our

research findings. The incidence rate of crew members on long

voyage was significantly higher than that of crew members on short
tiers in Marine Science 06
voyage. This may indicate that prolonged exposure to a closed

environment is beneficial for the spread of SARS-CoV-2 in

populations as well as the need to improve ventilation and avoid

air recirculation during ship navigation (Morawska and Cao, 2020).

However, it seems that renovating the ventilation system onboard a

ship is not easy (Cardoso et al., 2022). The incidence rate of crew

members on ships with crew replacement was significantly higher

than that of crew members without crew replacement, which

indicates that the threat of SARS CoV-2 can result from shared

exposure to infections with people carrying the pathogen, contact

with food or water contaminated with the pathogen, etc (Kak,

2015). This finding suggests that we must complete personal health

monitoring before the crew members are replaced and at least carry

out personal protection before the crew members board the ship

even if they are infected with SARS-CoV-2. However, if there is a

lack of possibility for crew replacement due to travel restrictions, the

working hours of the crew may be greatly extended, which poses

challenges to the crew themselves (Kordsmeyer et al., 2021). Our

research showed that the crew members who stayed at multiple

anchorages or stayed at anchorages for a long time have a higher

incidence rate of COVID-19, which may be due to the higher risk of

virus exposure.

As the cornerstone of infectious disease control and prevention,

quarantine ensures early detection of cases by restricting the

movement of individuals who may have been exposed to

pathogens or infected individuals or by separating these

individuals from others (WHO, 2022). Quarantine includes

movement restrictions on the ships and travel restrictions on the

personnel (Moriarty et al., 2020). Restrictions on the movement of

ships, whether isolated on board or on land, can effectively prevent

further spread of the virus (Hatzianastasiou et al., 2021). However,

Yamahata et al. argue that land isolation is not feasible due to

transportation issues and a lack of land isolation facilities

(Yamahata and Shibata, 2020). Cruise ships are suitable for mass

populat ion iso lat ion because of the ir wel l -equipped

accommodation spaces (Anan et al., 2020; Moriarty et al., 2020;

Codreanu et al., 2021a). In addition, the quarantine policy should

include close contacts, suspected cases, and other individuals

involved in the outbreak. It should be isolated according to the

region, and isolated as much as possible in a single compartment

(Zhang et al., 2022). We rescued the sick crew members in batches

and transferred them to the isolation ward of the hospital for

treatment. We isolated crew members who tested negative for

SARS-CoV-2 infection in the cabin to maintain the ship’s power

to the greatest extent possible. If the ship’s power could not be

maintained, they were transferred to a centralized isolation point by

land transportation, which is consistent with the conclusions of a

study by Anan et al (Anan et al., 2020). We required supervisors to

maintain a certain social distance from sick crew members, which

has been proven to be an effective preventive measure (Payne et al.,

2020). Other effective prevention and control measures include

personal protection, antiviral treatment, specific vaccination, and

cleaning and disinfection (Kak, 2015; Moriarty et al., 2020). In

addition, personal hygiene habits, such as following sneezing and

coughing etiquette and washing hands with running water and
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alcohol-based hand sanitizers, are particularly important

(Kordsmeyer et al., 2021). Currently, quarantine is utilized in

conjunction with other measures to control COVID-19 outbreaks

on cruise ships and cargo ships (Codreanu et al., 2021a; Codreanu

et al., 2021b). When COVID-19 breaks out, the ship’s medical

resources may be overwhelmed. To allocate medical resources,

patients can be classified and sent to the corresponding hospital

on the basis of their health status and PCR results (Anan et al.,

2020). This task requires guidance and operation from a

professional medical team, similar to the method we use to

transport patients.

At present, Zhoushan Port has been reopened, and the

maintenance and business of international voyage ships in the port

has resumed, but the risk of the outbreak of acute infectious diseases

such as COVID-19 continues to exist. The outbreak of COVID-19

has had a major impact on human health and international trade at

sea. Therefore, effective prevention and control measures, including

efficient public health assistance, must be taken. Our public health

plan showed great advantages for controlling the COVID-19

outbreak on this international voyage ship. First, we transferred the

ship according to the severity of the crew members’ illness so that the

power of the ship could be maintained. Second, we adopted strict and

effective closed-loop management measures, including strict personal

protection and disinfection measures, to avoid the spillover of the

virus during the transit process. Third, we established a relatively

complete maritime rescue system, and the rescue efficiency was

effectively improved through the mutual efforts of multiple

departments. The limitation of this study is that the complete

vaccination status of crew members was not collected, which makes

it impossible to conduct research on the protective effects of vaccines.

Vaccination may reduce the incidence rate of COVID-19, which may

be a confounding factor that contributes to underestimation of the

incidence rate of COVID-19. In addition, our public health assistance

plan was summarized from real-life cases, and an evaluation of its

effectiveness is lacking.

In conclusion, during an outbreak of COVID-19 at sea, we

demonstrated the feasibility and safety of a plan through risk

assessment and implementation of corresponding public health

rescue procedures, including basic requirements, sampling and

testing, personnel transport, medical waste disposal, and disinfection

of the involved ship. This plan can be implemented for other

international voyage ships for which public health assistance for

sudden severe respiratory diseases is needed. Next, we will

implement a scientific evaluation system to verify the effectiveness

of the public health assistance plan. In addition, we will conduct

research on public health rescue measures for other infectious diseases

(such as infectious diarrhea) on international voyage ships to improve

the public health rescue system for ship-related infectious diseases.
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