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Abstract
Background  While airport screening measures for COVID-19 infected passengers at international airports worldwide 
have been greatly relaxed, observational studies evaluating fever screening alone at airports remain scarce. The 
purpose of this study is to retrospectively assess the effectiveness of fever screening at airports in preventing the 
influx of COVID-19 infected persons.

Methods  We conducted a retrospective epidemiological analysis of fever screening implemented at 9 airports in 
Okinawa Prefecture from May 2020 to March 2022. The number of passengers covered during the same period was 
9,003,616 arriving at 9 airports in Okinawa Prefecture and 5,712,983 departing passengers at Naha Airport. The capture 
rate was defined as the proportion of reported COVID-19 cases who would have passed through airport screening to 
the number of suspected cases through fever screening at the airport, and this calculation used passengers arriving at 
Naha Airport and surveillance data collected by Okinawa Prefecture between May 2020 and March 2021.

Results  From May 2020 to March 2021, 4.09 million people were reported to pass through airports in Okinawa. 
During the same period, at least 122 people with COVID-19 infection arrived at the airports in Okinawa, but only a 
10 suspected cases were detected; therefore, the capture rate is estimated to be up to 8.2% (95% CI: 4.00-14.56%). 
Our result of a fever screening rate is 0.0002% (95%CI: 0.0003–0.0006%) (10 suspected cases /2,971,198 arriving 
passengers). The refusal rate of passengers detected by thermography who did not respond to temperature 
measurements was 0.70% (95% CI: 0.19–1.78%) (4 passengers/572 passengers).

Conclusions  This study revealed that airport screening based on thermography alone missed over 90% of COVID-
19 infected cases, indicating that thermography screening may be ineffective as a border control measure. The fact 
that only 10 febrile cases were detected after screening approximately 3 million passengers suggests the need to 
introduce measures targeting asymptomatic infections, especially with long incubation periods. Therefore, other 
countermeasures, e.g. preboarding RT-PCR testing, are highly recommended during an epidemic satisfying World 
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Background
Infectious diseases with human-to-human transmis-
sion potential, such as respiratory diseases (e.g., influ-
enza, COVID-19), spread to other areas through human 
mobility [1]. For example, soon after the world faced the 
imminent threat of COVID-19, strict travel restrictions 
were initiated worldwide. Various types of stringent bor-
der controls were implemented to prevent the influx of 
infected persons and the subsequent spread of the dis-
ease within the country/region.

In terms of human mobility speed, which is directly 
linked to the spread of infectious diseases, the impact of 
airplanes stands out from other modes of transportation. 
Therefore, in addition to frequently used fever screening, 
other strong border control measures were implemented 
at international airports, which are the air gateways to 
many countries. Those measures included restricting 
entry from epidemic areas by visa, requiring a valid vac-
cination certificate, pre-departure test, on-arrival test, 
and waiting in a designated facility for a certain period of 
time after entry into the country [2].

As symbolized by the declaration of an end to the coro-
navirus crisis as a “public health emergency of interna-
tional concern” by the World Health Organization on 
May 5, 2023, as the public health threat of COVID-19 
decreases, control measures, including border control 
measures at airports, have eased [3]. After April 29, 2023, 
only genomic surveillance of infectious diseases focused 
on arriving passengers in Japan was conducted, targeting 
symptomatic patients willing to cooperate in the survey 
[2].

Unlike the 2009 H1N1 Pandemic, various border 
control measures such as RT-PCR testing before and 
after entry and requiring a vaccination certificate were 
imposed against COVID-19. Therefore, observational 
studies documenting the effectiveness of fever screening 
at airports against COVID-19 alone have been limited [4, 
5], with a modeling study estimating the percentage of 
missed infections as high as 46% [6], while fever screen-
ing at airports was shown to be largely ineffective dur-
ing the 2009 A/H1N1 influenza pandemic [7–9]. Several 
conditions must be met to evaluate the capture rate of 
infected persons by thermography alone through airport 
screening. Specifically, the geographic location of interest 
should not border other countries/regions without con-
sidering the influence of overland routes such as cars and 
rail, which are usually the main routes. Other require-
ments include the need for a large-scale laboratory 

system to test possible infected individuals and record all 
patient information, such as residential area and travel 
history, throughout an epidemic that has tremendously 
burdened the health care system. Just as Japan is not con-
nected to other countries by land and the main route of 
entry is by air, Okinawa Prefecture is not connected to 
other prefectures by land, and the main route of entry 
is by air. Unlike the United Kingdom and Hokkaido Pre-
fecture in Japan, Okinawa Prefecture has no routes of 
entry through undersea tunnels to neighboring countries 
or regions. Moreover, large RT-PCR centers, including 
free-of-charge testing, were established for monitoring 
purposes inside the prefecture [10]. In addition, since the 
beginning of the epidemic, Okinawa Prefecture has col-
lected information on COVID-19 patients, including the 
residences and travel histories of those confirmed with 
SARS-CoV-2.

The purpose of this study is to retrospectively assess 
the effectiveness of fever screening at airports in prevent-
ing the influx of COVID-19-infected persons as airport 
screening measures for COVID-19 infected passengers 
around the world have been greatly relaxed.

Methods
Study setting
At the southwestern tip of the Japanese archipelago, 
Okinawa Prefecture consists of more than 160 islands of 
various sizes in a vast sea area. The number of airports 
in Japan is 82, of which 13 (15.9%) are in Okinawa Pre-
fecture [11]. Geographically far from other prefectures, 
travel from other prefectures to Okinawa Prefecture is by 
air and sea, with approximately 22 million air passengers 
and over 2.3 million sea passengers reported yearly as of 
2019, before the COVID-19 pandemic [12–14]. Accord-
ing to the most recent 2018 report with available data, 
approximately 8.67 million (88%) of the tourists entering 
Okinawa Prefecture were by air and 1.17 million (12%) by 
sea, with foreign visitors using cruise ships accounting 
for 1.12 million (96%) of the sea visitors [15, 16]. Follow-
ing events of COVID-19 spread on cruise ships in early 
2020 [17–20], cruise ships were suspended during the 
pandemic and reopened until March 2023.

Okinawa’s population comprises approximately 
1.45  million people, of whom 1.32  million (91%) are 
on the main islands and 130,000 (9%) are on the out-
lying islands. Tourism is one of the main industries, 
accounting for 20% of the prefecture’s Gross Domestic 
Product (GDP). As of 2019, the number of tourists was 

Health Organization (WHO) Public Health Emergency of International Concern (PHEIC) criteria with pathogen 
characteristics similar or exceeding SARS-CoV-2, especially when traveling to rural cities with limited medical 
resources.
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10.2 million per year, about the same number as Hawaii 
in the United States, which is also famous for tourism 
[21, 22].

In Okinawa Prefecture, thermographic airport screen-
ing at airports was conducted from May 2020, when the 
COVID-19 epidemic spread, until September 2022. Air-
port screening for arriving passengers was conducted at 
9 of the 13 airports in the prefecture (Fig.  1). At Naha 
Airport, screening was also conducted for departing 
passengers.

The nine airports participating in this study are illus-
trated by red dots: OKA: Naha Airport, MMY: Miyako 
Airport, ISG: Ishigaki Airport, UEO: Kumejima Airport, 
TRA: Tarama Airport, OGN: Yonaguni Airport, KTD: 
Kitadaito Airport, MMD: Minamidaito, SHI: Shimoji 
Airport. The remaining airports are illustrated by pink 
dots.

A flowchart of airport screening at Naha Airport is 
presented in Fig.  2. All arriving passengers underwent 
systematic screening using thermography upon arrival. 
A thermographic body temperature check was per-
formed when passengers entered the baggage claim 
area toward the arrival gate. Persons identified by ther-
mography as potentially having elevated body tempera-
ture were requested to confirm their temperature using 
a non-contact thermometer directed to the forehead or 
wrists. Although there was no standard protocol related 
to the measurement of body temperature, the contrac-
tor contracted by the prefecture verified that there was 
no difference between the body temperature measured 
by the reference non-contact thermometer and the body 
temperature measured by thermography. Since the tem-
perature at which the thermography detects a fever can 
be affected by outside temperatures and other factors, 
the temperature setting was changed on August 15, 2020, 
from the original 37.0  °C to 36.5  °C, to avoid missing 
febrile passengers. In this analysis, the definition of fever 
was 37.5 °C or higher as defined by Japan’s Infectious Dis-
eases Control Law. Febrile passengers were then asked to 
provide individual information and to undergo diagnos-
tic testing at the RT-PCR testing center adjacent to the 
airport.

All the arriving passengers were screened by thermog-
raphy on arrival. Arriving passengers undergo a thermo-
graphic body temperature check as they exit the baggage 
claim area and enter the arrival gate. For follow-up, per-
sons whose body temperature is detected by thermog-
raphy are requested to take their temperature using a 
thermometer by the examiner. On August 15, 2020, the 
setting for thermography to detect elevated body temper-
ature was changed from the original 37.0  °C to 36.5  °C. 
A thermometer will be used to determine if it is febrile 
or not. Febrile passengers are requested to provide indi-
vidual information and to undergo diagnostic testing at 
the RT-PCR testing center adjacent to the airport.

Data sources
Time series data on the number of passengers and ther-
mographically detected passengers stratified by airport 
were provided by Okinawa Prefecture. Data on the num-
ber of febrile passengers arriving at Naha Airport by 
thermometer measurement were also provided for the 
period through March 31, 2021. An explanation for the 
refusal to take body temperature was documented for 
refusing passengers. RT-PCR test results have not been 
systematically obtained for febrile individuals because no 
law mandates testing.

Definitions of local cases with travel history and 
imported cases are those whose place of residence is Oki-
nawa Prefecture, those who traveled outside Okinawa 
Prefecture just before the diagnosis, and those whose 

Fig. 1  Location of Okinawa Prefecture and nine airports conducted air-
port screening
The nine airports participating in this study are illustrated by red dots: OKA: 
Naha Airport, MMY: Miyako Airport, ISG: Ishigaki Airport, UEO: Kumejima 
Airport, TRA: Tarama Airport, OGN: Yonaguni Airport, KTD: Kitadaito Air-
port, MMD: Minamidaito, SHI: Shimoji Airport
The remaining airports are illustrated by pink dots
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place of residence is outside Okinawa, respectively. Data 
on imported cases and local cases with a travel history 
were retrieved from COVID-19 case data collected by 
Okinawa Prefecture through surveillance, including date 
of confirmed diagnosis, place of residence, and travel 
history. During the study period between May 13, 2020 
and March 31, 2021, 122 COVID-19 confirmed cases 
were reported (120 imported cases and 2 local cases with 
travel history).

The maximum temperatures at the airport were 
obtained from the Japan Meteorological Agency, and the 
temperature measurement points were selected from the 
island where each airport is located. If there are multiple 
measurement points on the island, the one geographi-
cally closest to the airport was selected [23].

Statistical analysis
The thermographic detection rate was defined as the pro-
portion of passengers suspected of having an elevated 
temperature based on thermographic screening. The 
capture rate was defined as the proportion of reported 

COVID-19 cases who would have passed through airport 
screening (a total of local cases with travel history and 
imported cases) to the number of suspected cases (febrile 
cases) through fever screening at airports. Confidence 
intervals were obtained using the exact binomial test. 
All statistical analyses were conducted using R version 
4.2.3 (R Foundation for Statistical Computing, Vienna, 
Austria).

Results
The results of airport screening for arriving passengers at 
Naha Airport from May 13, 2020, to March 31, 2021, are 
summarized in Fig. 2. Of the 2,971,198 arrivals, 572 indi-
viduals were suspected of elevated temperature based on 
thermographic screening (thermographic detection rate: 
0.02%, 95%CI: 0.02–0.02%). Out of the 572 passengers 
detected by thermography, 4 passengers did not comply 
with the request for temperature measurement using a 
thermometer, resulting in a refusal rate of 0.70% (95%CI: 
0.19–1.78%) (4 passengers/572 passengers). Among the 
568 passengers whose temperature was measured using 

Fig. 2  Flow diagram of the airport screening for arriving passengers at Naha Airport
All the arriving passengers were screened by thermography on arrival. Arriving passengers undergo a thermographic body temperature check as they 
exit the baggage claim area and enter the arrival gate. For follow-up, persons whose body temperature is detected by thermography are requested to 
take their temperature using a thermometer by the examiner. A thermometer will be used to determine if febrile or not. Febrile passengers are requested 
to provide individual information and to undergo diagnostic testing at the RT-PCR testing center adjacent to the airport
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a thermometer, ten had a body temperature of 37.5  °C 
or higher (1.76%, 95%CI: 0.85–3.21%). Considering that 
there were a total of 122 COVID-19 confirmed cases was 
reported (120 imported cases and 2 local cases with travel 
history) during the study period, the estimated capture 
rate was 8.2% (95%CI: 4.00-14.56%) (10 suspected cases 
/122 confirmed cases).

The results of airport screening from May 2020 to 
March 2022 are summarized in Fig.  3. The thermo-
graphic detection rate for arriving passengers by airport 
is presented in Fig. 3A, and the highest and second-high-
est thermographic detection rates were 2.20% (95%CI: 
2.02–2.40%) at Kitadaito Airport, and 0.06% (95%CI: 
0.03–0.08%) at Minamidaito Airport, respectively. The 
lowest thermographic detection rate was 0.00% (95%CI: 
0.00–0.00%) at Ishigaki Airport, next to 0.00% (95%CI: 
0.00-0.01%) at Shimoji Airport. Figure 3B shows the ther-
mographic detection rate at Naha Airport: 0.01% (95%CI: 
0.01–0.01%) for arriving passengers and 0.00% (95%CI: 
0.00–0.00%) for departing passengers.

The monthly thermographic detection rate at Naha 
Airport for arrivals and departures is shown in Fig.  4. 
Regarding the thermographic detection rate for arriv-
ing passengers, there is a peak from June to November 
2020, followed by a smaller peak around February 2021. 
The highest and second-highest rates were 0.06% (95%CI: 
0.05–0.07%) in September 2020, and 0.04% (95%CI: 0.03–
0.05%) in October 2020. One peak is seen from June to 
August 2020 for the thermographic detection rate for 
departing passengers. Excluding May 2020 due to data 
scarcity, the top two highest thermographic detection 
rates were 0.02‰ (95% CI: 0.01–0.05‰) in July 2020 and 
0.02‰ (95% CI: 0.00-0.06‰) in June 2020.

Table S1 shows the results of airport screening by 
month from May 2020 to March 2022, stratified by air-
port. The total numbers of arriving passengers and 
those detected by thermography are 9,003,616 and 
1162, respectively. The overall thermographic detec-
tion rate across the entire duration was 0.01% (95% CI: 
0.01–0.01%). The highest and second-highest thermo-
graphic detection rates among arriving passengers were 
0.06% (95%CI: 0.05–0.07%) in September 2020 and 0.05% 
(95%CI: 0.04–0.05%) in August 2020.

The thermographic detection rate for arriving pas-
sengers at Naha Airport, by setup, for the period from 
May 2020 to August 14 2020, was 0.01% (95% CI: 0.01–
0.01%), 75/698,231, and for the period from August 
15 2020 to March 2022 was 0.01% (95 CI: 0.01–0.01%), 
509/6,124,498, and these rates were significantly different 
(proportion test, p = 0.04).

Figure S1 displays the number of arriving passengers 
detected by thermography and the maximum tempera-
ture at the observation point nearest the target airport 
from May 2020 to March 2022 by the airport. There was 

no apparent correlation between the number of ther-
mographically detected passengers and the maximum 
temperature, except for Kitadaito airport with a weak 
correlation coefficient (r = 0.3). The results showed that 
Naha Airport and Kitadaito Airport had an unusually 
high number of passengers detected by thermography on 
September 19, 2020 and April 29, 2021, respectively. For 
Naha Airport, where information is available, the num-
ber of passengers determined to have a fever of 37.5 °C or 
higher was zero on the day in question.

Discussion
This study examines the effectiveness of airport screen-
ing based on thermography alone, conducted during 
the COVID-19 pandemic in Okinawa Prefecture, where 
the main entrance to the prefecture is by air. From May 
2020 to March 2021, 4.09  million people were reported 
to pass through airports in Okinawa (Table S1). Dur-
ing the same period, at least 122 people with COVID-19 
infection arrived at the airports in Okinawa, but only 10 
suspected cases were detected; therefore, the capture rate 
is estimated to be up to 8.2% (95% CI: 4.00-14.56%). Fur-
thermore, a total of 2,971,198 arriving passengers were 
screened by thermography at Naha Airport, 572 (0.02%) 
of whom were identified as potentially having elevated 
body temperature using thermography, 10 of 568 had a 
body temperature of 37.5 °C or higher. Considering that 
airport screening missed over 90% of COVID-19 infected 
cases, our results indicate that thermography alone may 
be ineffective for airport screening, suggesting additional 
measures targeting asymptomatic infections to prevent 
the influx of infected persons. However, implement-
ing temperature checks at airports may have a certain 
psychological disincentive for passengers with fever to 
board, as suggested by the relatively low rate of thermo-
graphic detection for departing passengers at airports.

Our result of a fever screening rate of 0.0002% (95%CI: 
0.0003–0.0006%) (10 suspected cases /2,971,198 arriving 
passengers) is consistent with previously reported data 
of 0.00% (95%CI: 0.00-0.01%) (1 infection /46,016 travel-
ers) in the USA [5]. It is suggested that infectious diseases 
with long incubation periods reduce the effectiveness 
of symptom-based screening at airports, especially for 
domestic flights with only a few hours of flight times. The 
mean SARS-CoV-2 incubation period between exposure 
to an infection and the appearance of the first symptoms 
across variants lies in the range of 4–5 days [24, 25]. Since 
no law requires RT-PCR testing for febrile passengers 
detected by fever screening at domestic airports, RT-PCR 
test results for the 10 febrile patients were not systemati-
cally available. In addition, the refusal rate of passengers 
detected by thermography who did not comply with the 
temperature measurements using a thermometer was 
0.70% (95% CI: 0.19–1.78%). The main reason for refusal 
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Fig. 3  Result of airport screening by thermography, may 2020 – march 2022, Okinawa prefecture, Japan
(A) Thermographic detection rates for arriving passengers by airport
(B) Thermographic detection rates on arrival and departure at Naha Airport
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Fig. 4  – Result of airport screening by thermography on arrival and departure at Naha Airport stratified by month, may 2020 – march 2022, Okinawa 
prefecture, Japan
(A) Thermographic detection rates for arriving passengers
(B) Thermographic detection rates for departing passengers
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is thought to be that if the infection is discovered while 
traveling with children or on a business trip, the patient 
is forced to stay at facilities for infected persons for a 
certain period of time, which is disadvantageous to the 
patient. The measurement of body temperature, the pro-
vision of personal information, and the performance of 
tests at RT-PCR centers are based on the individual’s con-
sent. Unlike blood sampling, temperature measurement 
is not invasive and takes only a short time. Although the 
percentage is low, a certain percentage of febrile passen-
gers among thermographically detected passengers is 
reported, and it may be worthwhile to consider the pos-
sibility of making temperature measurement, RT-PCR 
testing, and examination of the cause of the fever after 
thermographic detection mandatory in the future.

When a visitor from outside the prefecture was con-
firmed to be infected with SARS-CoV-2 while in Oki-
nawa, the visitor had no option but to use medical 
resources in Okinawa Prefecture. Especially in Okinawa 
Prefecture, where medical resources are limited. There 
were reports of a breakdown in the emergency medical 
system, and testing before boarding is strongly recom-
mended as a border control measure for flights bound for 
Okinawa Prefecture to prevent an influx of infected pas-
sengers, especially when the prevalence of the disease is 
high [26].

The thermographic detection rate at Kitadaito Airport 
is significantly higher than at other airports. The number 
of passengers detected by thermography correlated with 
max temperature (Figure S1 G), likely influenced by the 
elevated surface body temperature as the passengers after 
disembarkation need to walk outdoors to the airport 
facilities (Figure S2). In addition, there exists a significant 
difference in thermographic detection rates for arriving 
passengers at Naha Airport between the setups. Ther-
mography is sensitive to measurement environments, so 
various factors must be carefully considered when imple-
menting thermography screening. The fever screening 
projects conducted did not have standards or quality con-
trol guidelines to ensure that thermographic equipment 
and thermometer readings were accurate and consistent, 
and these need to be developed by the governments.

The thermographic detection rate of departing passen-
gers is significantly lower than that of arriving passengers 
at Naha Airport. This difference is mainly attributable to 
the higher thermographic detection rate for arriving pas-
sengers from July to November 2020. High outside tem-
perature might have affected the results, but as Figure 
S1 shows, no correlation is observed between maximum 
temperature and the frequency of thermographic detec-
tion. Since most passengers are tourists, observation of 
airport screening upon arrival may have increased aware-
ness of precautions, and those with fever may have been 
screened before the flight at the RT-PCR testing center 

conducted in the prefecture, but further examination is 
needed.

Our study is not free from limitations. Firstly, data on 
screening on ferries and other sea routes are unavailable; 
therefore, this study does not involve the effect. However, 
since international cruises, which accounted for most sea 
passengers, were suspended during COVID-19 [19] and 
domestic passengers numbered about 10,000 per year 
[27, 28], the number of infected people entering Oki-
nawa Prefecture by sea is thought to be limited. Besides, 
there is another inflow route in Okinawa: the U.S. mili-
tary. According to the latest 2011 report, there appear to 
be about 4.5 thousand U.S. military personnel and their 
families in Okinawa Prefecture [29]. While they use the 
airport on the base for travel to and from the U.S., they 
use the airports in this study for travel within Japan, and 
are subject to fever screenings. However, Japan’s Infec-
tious Disease Law is not applicable, and even when 
infected, the disease is not reported to Japan, thus having 
little effect on the results of this study.

Secondly, thermography is intended for those with a 
fever. It has been reported that 17.9% of those infected 
with SARS-CoV-2 are asymptomatic [30]. Among those 
with symptoms, it is difficult to capture them before the 
onset. Additionally, not all those who develop the disease 
have fever. Even when a fever does develop, antipyretic 
medications may be taken internally to reduce the fever. 
These persons cannot be captured by airport screening. 
However, this study examines the effectiveness of ther-
mography in a real-life context. The conclusion remains 
the same since these affect the effects toward pushing 
them down.

Lastly, this is a study of the effectiveness of fever 
screening at airports. Even with the recommended pre-
boarding RT-PCR testing, reducing the influx of infected 
persons to zero is impossible. The most reliable way to 
prevent the influx is to have all arriving passengers stay 
at designated facilities for a certain period of time, lon-
ger than the incubation period. However, it is not feasible 
for local governments to implement such stringent bor-
der control measures, and the socioeconomic impacts on 
remote islands would be enormous. In addition, whether 
the influx of infected persons subsequently led to the 
spread of infection, whether burdened the medical sys-
tem, and their respective contributions should be verified 
separately.

Future work will include a detailed cost-effectiveness 
analysis, a questionnaire survey focusing on natural bio-
logical processes such as ovulation and the history of 
antipyretic medication prior to boarding that affects body 
temperature, and a study of testing strategies that con-
sider the incubation period, the period between infec-
tion and the appearance of fever and other symptoms. 
The thermography installation and monitoring project at 
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Naha Airport, for which detailed data was obtained, cost 
approximately 180  million JPY for one year from April 
2020 to March 2021. The main breakdown is the cost of 
commission and purchase of goods [31].

Conclusion
In conclusion, this study revealed that airport screening 
for thermography alone missed over 90% of COVID-19 
infected cases, strongly indicating that thermography 
screening is ineffective as a border control measure. Only 
10 febrile cases were detected after screening approxi-
mately 3 million passengers, which suggests the need to 
introduce measures targeting asymptomatic infections, 
especially with long incubation periods. Other counter-
measures, e.g. preboarding RT-PCR testing, are highly 
recommended amid epidemics, satisfying World Health 
Organization (WHO) Public Health Emergency of Inter-
national Concern (PHEIC) criteria with pathogen charac-
teristics similar to or exceeding SARS-CoV-2, especially 
when traveling to rural cities with limited medical 
resources.
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