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Background: The coronavirus disease 2019 (COVID-19) outbreak within China has been

well controlled and stabilized since early April 2020. Therefore, the current major focus

in China is to prevent the introduction of COVID into China from international arrivals. To

achieve this, pre-Hospital COVID-19 Response Teams (pHCRTs) have been established.

Context: The pHRCTs were established in Xi’an, China in early 2020. During the

12 months covered in this report, there were 356 international flight arrivals with over

5,000 COVID-19 Nucleic Acid Test (NAT) positive people, 500 of them with symptomatic

COVID-19 and requiring admission to special hospitals. All other arrivals were managed

in dedicated facilities by pHRCTs. The outcome measure of this report was the number

of positive cases among the pHRCT members.

Details: Four hundred forty-two staff worked in the pHCRTs during the reporting

period. Despite multiple throat swab PCR tests during their pHRCTs tour of duty, and

the subsequent mandatory 14-day quarantine required before return to the general

community, no staff became NAT positive.

Conclusion: The prevention of community transmission from imported cases is a

vital part of the strategy to maintain the low numbers of cases in countries which

have achieved control, or suppression of local internal cases. The program of pHCRTs

described in this article gives successful protocols for transportation of patients who are

infectious based on the minimal transmission of virus and staff safety. The strategies

employed may prove useful in future pandemics.
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INTRODUCTION

The coronavirus disease 219 (COVID-19) outbreak within China
has been well controlled and stabilized since early April 2020,
with less than 10 locally occurring cases reported daily since
mid-March (1). This success in controlling the local transmission
has allowed the restoration of social and commercial life almost
to a pre-COVID-19 state. However, the risk of imported cases,
with a consequent resurgence in domestic cases persist (2). Thus,
effective management of international arrivals is of paramount
importance. Most of such arrivals in China come by air. While
China has many airports capable of receiving international
flights, 12 of them were designated as transfer cities for airlines to
Beijing to facilitate an effective strategy to prevent introduction
of the virus into Beijing. A further strategy was to limit or
postpone flights from countries when previous flights presented
a particularly high positive COVID-19 caseload.

Xi’an City, with a population of 10 million (3), is the biggest
City in North-west China and, pre-COVID-19, annually received
approximately 4.7 million international arrivals (4). To deal
with anticipated problems in controlling the risk from infected
arrivals, pre-Hospital COVID-19 Response Teams (pHCRTs)
were built up from January 2020. This has allowed all hospitals
to continue with their normal workload while, at the same
time, providing a suitably qualified. To date, no member of
the pHCRTs have become infected with COVID-19 despite the
arrival of over 5,000 COVID-19 positive international arrivals
during this period. In view of this success, we believe this
experience will be of value to other countries in dealing with this
and with future pandemics, which are generally accepted as likely
to occur in the future.

CONTEXT

Organization
Pre-Hospital COVID-19 Response Teams (pHCRTs) were
organized by Xi’an City medical bureau based on the Pre-hospital
Emergency Control Center initially established in 1952 and,
by 2012, comprising a network of 37 emergency substations
and 50 rural sites. The pHCRTs comprise 24–36 dedicated
ambulances. Each ambulance is staffed with either a nurse
or a doctor together with one driver from 27–31 medical
institutes or hospitals. An administrative office communicates
between pHCRTs, Control Center, staff training, and quality
control (Figures 1, 2). Three pHCRTs of 8–12 ambulances were
assembled. Two pHCRTs were based in the Northern part of
the city, close to both entrance of freeways to airports, and
COVID quarantine centers in addition to the COVID special
hospitals or units in general hospitals. The remaining pHCRT
is based at the airport. Each pHCRT is divided into 2 groups.
Group A is in charge of materials, disinfection, and staff training,
while group B (transporters) is assigned to transport suspected or
diagnosed patients (Figure 1). The process is coordinated from a
Control Center in continual real-time communication with the
site administration offices and medical transporters of the three
pHRCTs (Figure 2).

Equipment and Process
Dedicated ambulances are used to transport COVID PCR
positive passengers between the airport and quarantine hotel
to the medical quarantine center and between the quarantine
center and hospitals for those who require specialized treatment.
The driver and nurse or doctor sit in the compartment of the
driver. Patients travel in the rear section which is equipped with
suction, stretcher, oxygen, call button, and first aid equipment.
In addition, the rear compartment has a powered high-flow
air throughput.

Each vehicle has a bag with 11 items (single-use boots, gloves,
Caps, Gowns, N95 masks) prepared by group A (prevention
control) and used throughout the whole transport process by
Group B. In addition, there are sterilizers for hands, mobile
phones, pagers, seats, and task sheets of transporters when these
have been exposed to the risk of possible contamination. Medical
staff always have a sterilizing spray to sterilize all parts of the
vehicle when patients enter or exit the vehicle. Staff shoes are
sprayed prior to re-entry to the vehicle. The drivers remain seated
throughout the process but help spray the front compartment,
medical staff hands, and items used during patient transport,
including task sheet, mobile, beeper, and holder of spray.

Two aspects receive particular attention during staff training
and process implementation by the transport staff in group
B. The first is disinfection and sterilization of vehicles and
equipment. The second is putting on and removing the protective
clothing (gowns, gloves, face shields, etc.). The first includes
spraying air around patients during their entry to and exit from
ambulances and transport vehicles. Air is sprayed with liquid
“84 sterilization liquid” (mainly sodium hypochlorite 500 mg/L,
made in China). Full disinfection and sterilization of ambulances
are undertaken 3 times each day, either with 84 sterilization
liquid or with 7.5% H2O2 liquid in CLEANCube containers
with spray arms (10 ml/m3). Disinfection of transporter staff
equipment, including face shield, gown, boots, and shoe soles,
was undertaken by spraying 500mg/L 84 sterilization liquid from
a car wash. Amandatory 7-step handwash procedure was utilized
and required at each step of gown and boot removal.

Details
Since the start of the program, there were 438 staff, aged from
21–68 years old (mean 35), including 110 doctors, 142 nurses,
179 drivers, 6 administrators, and 1 cleaner. All were volunteers
and required a negative COVID PCR test and an assessment of
their previous 14-day travel history prior to being accepted into
the program. The mean duration of pHCRTs work for each of
these groups was 62 days, 68 days, 96 days, and 334 days.

During this period, staff remained isolated from the
general community. Staff members submitted a daily health
questionnaire, had their temperaturemonitored at every building
and vehicle entry, and had a COVID-19 PCR test every 7 days.
Driving records were submitted after each journey, detailing
the vehicle passengers and staff. At the end of the secondment
period, each staff member undergoes a 2-week quarantine before
returning to his or her base institute and the general community.
In addition, they require 3 negative COVID-19 PCR tests,
conducted every 1st day of a continuous 3-week period.
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FIGURE 1 | Organization and tasks of pre-hospital COVID-19 response teams (pHCRT) groups. Task for group A in open writing; task for group B in writing with

square; task for administrators in writing with shadow.

According to the data from the administration office, there
were 356 international flights during the reporting period (until
the end of 2020) (5). All arrivals required either a throat swab
or a blood test. Patients from high-risk countries required both.
From these flights, there were over 5,000 COVID-19 Nucleic
Acid Test (NAT) positive people. In total 500 of these 5,000
had symptomatic COVID requiring admission to specialized
hospitals. All other arrivals were managed in dedicated facilities
by pHCRTs. No staff of pHCRTs has become NAT positive
as evidenced from the multiple negative throat swab PCR
conducted during their period of secondment and subsequent 2
weeks of self-quarantine.

DISCUSSION

Coronavirus disease 2019 (COVID-19), a respiratory disease
caused by the SARS-CoV-2 virus, was declared a pandemic
by the WHO on March 11, 2020. The rapid spread of the
disease has taken the scientific and medical community by
surprise and has presented unique challenges to International
public health due to its relative ease of transmission (now
increased by the development of new strains, such as Delta and
Omicron) and significant rates of morbidity and mortality. Both

pre-symptomatic and asymptomatic transmissions have been
described and are likely to play important roles in the dynamics of
the pandemic (6). In addition, the ubiquity of international travel,
particularly over long distances by air, has greatly facilitated this
spread. Even as early May 2020, more than 5 million people
had been infected with the virus, causing more than 330,000
deaths in over 210 countries (7). Furthermore, there are recurrent
waves of infection (8). Recent data indicates approximately 270
million cases and 5 million deaths worldwide by December
12, 2021 (9). Unfortunately, while supportive measures and
treatment have been reduced in hospital mortality, there is a
lack of specific drug treatment and limited vaccine availability.
Therefore, a range of non-pharmacological interventions has
been put into place by governments to contain and mitigate
the spread of COVID-19. Despite the increasing availability
of effective vaccines, principally, in developed countries, such
measures will continue to play a critical role in containing the
SARS-CoV-2 pandemic for a significant period of time into the
future. Travel-related control measures range from the screening
of travelers entering or leaving a country to the complete
closure of national borders. Starting from February 2020, many
countries and regions in the world have implemented some type
of travel-related control measures. It is crucial to understand
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FIGURE 2 | Flowchart of transportation work of Group B. Task for Group B in writing with square; task for administrators in writing with shadow.

the effectiveness of these measures, including the preventive
strategies for people who are physically close to infectious or
diagnosed patients, such as medical staff or public service staff.
It is possible that an undetected infection transmission among
staff may have resulted in small-scale infection clusters, (10, 11)
even when implementing the preventive standard recommended
by the WHO guidelines (12) or used in the initial outbreak in
Wuhan (13). The principal finding from our experience is that
it is possible to manage international arrivals by air without
any introduction of COVID-19 into the local community. Thus,
despite over 5,000 arrivals positive for COVID and a rigorous
testing regimen, we have not found a single case of COVID
among the staff managing airport arrivals. This success has
resulted from meticulous attention to a detailed management
plan, and from the basic premise that effective quarantine and
testing of the international arrivals, protection, and quarantine of
front-line staff is of crucial importance to prevent exposure of the
general community.

Following the initial outbreak in Wuhan, China has
achieved effective suppression of locally acquired infection,

such that future threats arise primarily from importation
through international arrivals. The overwhelming majority of
international arrivals are via international air travel. Hence,
custom authorities introduced NAT for all overseas passengers
entering China, combined with quarantine (14, 15). Travelers
are subject to a 14-day mandatory quarantine in the first entry
point city. At least 4–5 NATs are compulsory for all passengers
(arrival at the airport, after 24 h at hotels or medical centers, 1
week, and 2 weeks after arrival) until they complete a fortnight
quarantine period and test negative for the virus. The work
of transportation of NAT positive cases, from the airport or
between special hotels or medical centers to COVID hospitals or
comprehensive hospitals with a COVIDward, has also been done
only by the special pHCRTs. While Xi’an’s pHCRTs are among
the earliest and largest in China, they have successfully prevented
any transmission to the front-line staff. This approach, together
with early recognition and information sharing, will help prevent
a similar situation from arising in a future pandemic.

Are there alternative or additional procedures? Complete
cessation of international travel is not a realistic option. A
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more realistic option, particularly in concert with the measures
described here, would be to require proof of COVID-19 status
shortly before travel. Such measures are already in use in some
jurisdictions. In view of the current, albeit limited, availability
of an effective vaccination program, a requirement for proof of
vaccination and evidence of no active infection may be realistic.
However, even such a strategy may not be acceptable in view of
the likely discrimination against less developed countries with
limited access to vaccines and testing. In addition, some people
will be unable to be vaccinated because of other health issues,
so that effective procedures for the safe arrival of incoming
international passengers will be required for the foreseeable
future. In summary, we believe the processes we have described
offer important lessons for the management of international
arrivals not only under present circumstances, but also in any
future pandemic.

Despite the increasing levels of immunization, principally
in well-developed countries, the need to successfully
prevent or limit the international spread of the virus
remains a major strategy in allowing the world to begin
to return to pre-COVID-19 conditions. The program
of pHCRTs described in this article provides successful
protocols for transportation of infectious patients
with minimal onward transmission and maintained
staff safety.
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