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In response to the COVID-19 pandemic caused by SARS-CoV-2 in 2020, we conducted drive-through 
nasopharyngeal swab testing for COVID-19 in Sendai city, Japan, since April 2020.  All tested individuals 
were judged in advance by public health centers for the necessity of undergoing the test with possible 
contact history and/or symptoms suggestive of COVID-19.  In this study, to identify the predictors of 
SARS-CoV-2 test positivity for more efficient and evidenced selection of suspected individuals, we enrolled 
3,540 consecutive individuals, tested in the first 7 months of the testing program, with data regarding to the 
history of close contact with COVID-19 patients, including those involved in cluster outbreaks.  This cohort 
included 284 foreign students (257 males and 27 females) from a vocational school involved in the largest 
cluster outbreak in the area.  Close contact history was present in 952 (26.9%) of the participants.  The 
reverse transcription-polymerase chain reaction (RT-PCR) test results showed that 164 participants (4.6%) 
were positive and 3,376 participants (95.4%) were negative for the SARS-CoV-2 nucleocapsid gene (N2).  
In the univariate and multivariate analyses, history of close contact with COVID-19 patients, higher age, 
cough symptoms, and non-native ethnicity were predictors for SARS-CoV-2 test positivity.  However, the 
significance of age and foreign nationality disappeared or declined upon excluding the foreign students 
from the aforementioned largest cluster outbreak.  In conclusion, a history of close contact with COVID-19 
patients and the presence of cough symptoms are significant predictors of SARS-CoV-2 test positivity.

Keywords: coronavirus disease 2019 (COVID-19); drive-through; nasopharyngeal swab test; reverse transcription 
polymerase chain reaction (RT-PCR); SARS-CoV-2
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Introduction
The novel coronavirus disease 2019 (COVID-19), 

caused by the severe acute respiratory syndrome- coronavi-
rus 2 (SARS-CoV-2), is currently a major public health cri-
sis worldwide with a significantly higher fatality rate than 
typical seasonal influenza (Fauci et al. 2020; Gates 2020).  
Japan has been among the countries affected by the virus 
since the early phase of the pandemic (Mizumoto et al. 
2020; Moriarty et al. 2020).  In the face of the COVID-19 
outbreak in Japan in early 2020, there emerged a need to 
safely and rapidly test a large number of people across the 
country to implement effective quarantine measures and 
detect clusters to prevent further virus transmission in com-
munities (Frieden and Lee 2020; Furuse et al. 2020).  
Simultaneously, we needed to avoid unnecessary concentra-
tion of suspected cases in the testing centers that could 
result in cluster outbreaks (Lu et al. 2020; Wee et al. 2020).  
To address these requirements, as requested by the local 
government (Miyagi Prefecture and Sendai City), we estab-
lished a drive-through outpatient clinic for the testing of 
COVID-19 (Tohoku University Medical Office) at a loca-
tion away from the Tohoku University Hospital in Sendai 
city.  We started performing drive-through nasopharyngeal 
swab testing for COVID-19, collaborating with the univer-
sity hospital and the local government, and checked more 
than 4,000 participants in the first seven months of the pro-
gram since April 2020.  In this report, after presenting how 
we established and managed a drive-through outpatient 
clinic for COVID-19 testing, we describe the details of the 
tested participants and the COVID-19 testing results.

Methods
Process of the drive-through nasopharyngeal swab test

Fig. 1 presents a flowchart of the drive-through naso-
pharyngeal swab test for COVID-19 at our outpatient clinic.  
A person who wanted to undergo a nasopharyngeal swab 
test first had to make a phone call to the health centers man-
aged by the local government in advance.  Then, the public 
health center guided the callers about the appointment time 
(usually the next day) and the location of the drive-through 
outpatient clinic.  In addition to these participants with their 
spontaneous willingness to take the test, the public health 
center also recruited participants who had been confirmed 
to have contacted COVID-19 patients based on contact 
tracing by announcing them with phone calls.  Upon occur-
rence of cluster events, the drive-through testing center per-
formed screening test for the individuals with suspected 
contact histories.  Pregnant women without certain contact 
history who wanted to be checked for COVID-19 were also 
recruited.

The testing schedule was planned with 10-20 individu-
als per hour to prevent long queues of waiting cars that 
could hamper the traffic flow and increase the risk of intra-
familial infection by being on board the same car (Shah et 
al. 2020).  Then, the callers visited the clinic by car (single 
person or family), bus (clusters in dormitories or nursing 
homes), or bicycles (if the caller does not own a car).  The 
major reason behind the callers taking the nasopharyngeal 
swab test was the possible history of contact with COVID-
19 patients, whereas the other participants were tested 
because of the presence of suspicious symptoms such as 
fever or cough.  None of the 326 pregnant women who 

Fig. 1.  Flowchart of the drive-through nasopharyngeal swab test for COVID-19 performed at our facility.
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underwent nasopharyngeal RT-PCR swab tests at our outpa-
tient clinic had a history of preceding contact with COVID-
19 patients.

The actual sampling scenes at the testing site are 
shown in Fig. 2.  At the testing site, a nasopharyngeal swab 
test was performed by the testers (doctors) over the half-
opened car window, with the tested individuals inside the 
car with the engine turned off.  All medical staff wore pro-
tective clothing, face shields, and N95 masks.  The testers 
wore two-layered disposable latex hand gloves and changed 
the outer gloves after each sampling to avoid contamination 
or iatrogenic spread of the infection.  The swab test sample 
at the clinic was transferred swiftly to the local government-
run public health centers for real-time reverse transcription-
polymerase chain reaction (RT-PCR) testing, the mainstay 
of presently used tests for detecting SARS-CoV-2 viral 
RNA (Zitek 2020).  The next day, the individuals were noti-

fied of the results of their RT-PCR test by a phone call, 
while providing the necessary guidance and advice to those 
who tested positive for infection with the virus.

Enrollment and evaluated variables
In this study, we enrolled all consecutive subjects who 

underwent drive-through nasopharyngeal swab testing at 
our outpatient clinic since July 16, 2020 (i.e., the day when 
we started to collect comprehensive testing related data 
including the close contact history), for whom complete 
data related to sex, age, contact history with COVID-19 
patients, body temperature, and presence of cough and dys-
pnea were available at the outpatient clinic.  The history of 
“close contact” was defined by the following four criteria: 
(1) contact with a COVID-19 patient 2 days before the 
onset of symptoms, (2) not wearing masks, (3) less than 1 
meter, and (4) more than 15 min of contact.

Fig. 2.  Actual drive-through outpatient clinic and sampling scenes of nasopharyngeal swab test for COVID-19.
 (a, b) Overview of the drive-through outpatient clinic for testing COVID-19; (b) inner view of a small tent where the 

staff would remove the protective masks and clothing after sampling.  (c, d) Actual scenes of the nasopharyngeal swab 
testing.  All medical staff donned protective face shields, N95 masks, clothing, and shoes.  (e, f) Actual scenes of the 
sample collection; (e) participants remain seated inside the car and the doctors collected nasopharyngeal swab samples 
over the half-opened car window.  (f) Small children who could not remain calm during the sampling were asked to 
come out of the car with their parents, and the samples were collected in a designated tent by pediatricians with the chil-
dren seated on the lap of their parent.
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Real-time RT-PCR
To detect SARS-CoV-2 viral RNA, real-time RT-PCR 

for detecting the nucleocapsid protein set no.  2 (N2) gene 
was performed using a protocol reported by the National 
Institute of Infectious Diseases in Japan (NIID) (Shirato et 
al. 2020).  The reaction mixture comprised 4× TaqMan Fast 
Virus 1-Step Master Mix (Thermo Fisher Scientific, 
Waltham, MA, USA), primer/probe set for N2 detection 
designed by NIID, and nuclease-free water.  Then, the 
nucleic acid sample was added to the reaction mixture.  The 
thermal cycling conditions used were as follows: 50°C for 5 
min (reverse transcription), 95°C for 20 s (initial denatur-
ation), followed by 45 cycles of 95°C for 3 s (denaturation) 
and 60°C for 30 s (annealing and extension).  Sequences of 
the primers and probe containing a 5′-6-carboxyfluorescein 
(FAM) and a 3′- black hole quencher (BHQ) reporter dyes 
used to detect the N2 region of the nucleocapsid gene in 
this study are listed in Table 1.

Statistical analyses
The quantitative variables between the two groups 

were compared using either Student’s t-test or Mann-
Whitney U-test according to the distribution patterns of the 

variables.  Categorical variables were compared between 
the two groups using the chi-square test or Fisher’s exact 
test according to the sample size in each cell.  In the multi-
variate analysis to identify the significant predictors of 
SARS-CoV-2 RT-PCR positivity, binary logistic regression 
analysis was performed.  In the multivariate analysis, the 
RT-PCR test result was used as the dependent variable, and 
other variables of particular clinical interest or those having 
a significant impact (p < 0.10) on the subsequent positive 
result for COVID-19 in the univariate analysis were used as 
the independent variables.  P values less than 0.05 were 
considered statistically significant in this study.  Statistical 
analyses were performed using IBM SPSS Statistics 22.0 
(IBM Corp., USA).

Ethics
This study was approved by the Institutional Review 

Board of Tohoku University Graduate School of Medicine 
(IRB approval number: 2020-1-535).  All the procedures in 
this study were performed in accordance with the ethical 
principles outlined in the current version of the Declaration 
of Helsinki.

Table 1.  Sequences of the primers and probe used to detect SARS-CoV-2 N2 gene.

Type Name Sequence (5′-3′) Position*

Forward primer NIID_2019-nCOV_N_F2 AAA TTT TGG GGA CCA GGA AC 29125-29144
Reverse primer NIID_2019-nCOV_N_R2 TGG CAG CTG TGT AGG TCA AC 29263-29282
TaqMan probe NIID_2019-nCOV_N_P2 FAM-ATG TCG CGC ATT GGC ATG GA-BHQ 29222-29241

BHQ, Black Hole Quencher; FAM, 6-carboxyfluorescein; NIID, National Institute of Infectious Diseases, Japan.
*Positions refer to the genome sequence of the SARS-CoV-2 Wuhan-Hu-1 isolate (GenBank: MN908947.3).

Fig. 3.  Numbers of drive-through nasopharyngeal swab tests for COVID-19 performed at one testing center of Japan.
 The number of participants tested in the four age groups each day during the study period is shown in the bar graph.  

The number of tested participants largely fluctuated each day, which was significantly affected by the occurrence of 
cluster outbreaks.
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Table 2.  Demographics and clinical features stratified by the results of nasopharyngeal swab testing for COVID-19.

Nasopharyngeal swab testing for COVID-19
p values

Positive (n = 164) Negative (n = 3,376)

Checkup for the pregnant females* 0 (0.0%) 326 (9.7%) < 0.0001‡

Male* 104 (63.4%) 1,669 (49.4%) 0.0004§

Japanese* 109 (66.5%) 3133 (92.8%) < 0.0001§

Age (median [IQR]) 25 (22-41) years 27 (17-39) years 0.0454||

(0-19-year-old*) 21 (12.8%) 1,080 (32.0%) < 0.0001§

(20-49-years-old*) 118 (72.0%) 1,792 (53.1%) < 0.0001§

(50-74-years-old*) 18 (11.0%) 415 (12.3%) 0.6152§

(75+-year-old*) 7 (4.3%) 89 (2.6%) 0.2121‡

History of close contact*,† 73 (44.5%) 879 (26.0%) < 0.0001§

Body temperature (mean ± SD) 36.90 ± 0.64℃ 36.93 ± 0.66℃ 0.5942¶

Cough* 33 (20.1%) 416 (12.3%) 0.0034§

Dyspnea* 10 (6.1%) 176 (5.2%) 0.6201§

Demographics and clinical information in the total cohort (n = 3,540) by the subsequent RT-PCR test results are shown.  To be 
noted, 284 individuals involved in the largest cluster outbreak at a vocational school for foreign students are not excluded from 
the analyses in this table.
COVID-19, coronavirus disease 2019; SD, standard deviation; IQR, interquartile range (i.e., 25-75 percentiles).
*Number and percentage for the column (i.e., among RT-PCR test-positive subjects or among test-negative subjects). 
†Close contact was defined by the following criteria: 1, contact with a COVID-19 patient 2 days before the onset of symptoms;  
 2, not wearing masks; 3, less than 1 meter; 4, more than 15 min of contact. 
‡Fisher’s exact test. 
§Chi-square test. 
||Mann-Whitney U-test. 
¶Student’s t-test.

Table 3.   Logistical regression analysis of SARS-CoV-2 positivity among those who underwent drive-through nasopharyngeal 
swab test.

B SEB Wald OR (95% CI) p values

(Constant) –13.232 4.924 7.220 0.000 (0.000-0.028) 0.0072
Male +0.068 0.184 0.138 1.071 (0.747-1.536) 0.7099
Japanese –1.983 0.224 78.733 0.138 (0.089-0.213) < 0.0001
Age +0.013 0.005 7.341 1.013 (1.004-1.022) 0.0067
Close contact +0.459 0.179 6.549 1.583 (1.114-2.250) 0.0105
Body temperature +0.301 0.134 5.021 1.351(1.038-1.758) 0.0250
Coughing +0.807 0.213 14.395 2.240 (1.477-3.398) 0.0001

Excluding the 284 foreign students in the largest cluster outbreak (Day 99-106)
(Constant) –10.368 5.595 3.433 0.000 (0.000-1.820) 0.0639
Male –0.058 0.197 0.086 0.944 (0.641-1.389) 0.7696
Japanese –1.745 0.791 4.866 0.175 (0.037-0.823) 0.0274
Age +0.011 0.005 5.376 1.011 (1.002-1.021) 0.0204
Close contact +1.434 0.204 49.587 4.195 (2.814-6.252) < 0.0001
Body temperature +0.209 0.150 1.940 1.233 (0.918-1.655) 0.1637
Coughing +0.800 0.251 10.140 2.225 (1.360-3.640) 0.0015

The upper half of the table shows the results in the total cohort of 3,540 participants.  The lower half of the table shows the 
results when we exclude the 284 foreign students involved in the largest cluster between days 99 and 106.  The age and body 
temperature used as independent variables are the values as numeric variables, not as ordinal variables.  The shown OR 
values are equivalent to exp (B).  Wald χ2 statistics (Wald) are calculated using the formula (B/SEB)2, which is a marker of 
significance of each coefficient in the predictive model.
B, unstandardized regression coefficient; CI, confidence interval; SEB, standard error of the coefficient; and OR, odds ratio.
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Results
Demographic and clinical data stratified by SARS-CoV-2 
positivity

A total of 3,540 consecutive participants who under-
went nasopharyngeal RT-PCR swab tests at our drive-
through outpatient clinic were enrolled in this study.  
Complete eligible data were available for all the partici-
pants.  The number of participants tested each day by age 
group is shown in Fig. 3.  

The demographic and clinical data of the participants 
stratified by the SARS-CoV-2 test results are listed in Table 
2.  More than 80% of the participants were below 50 years.  
Male (p = 0.0004), non-native ethnicity (p < 0.0001), age 
between 20-49 years (p < 0.0001), history of close contact 
(p < 0.0001), and the presence of cough at the time of test-
ing (p = 0.0034) were significant predictors of SARS-
CoV-2 test positivity in the univariate analyses.  Among 
these predictors, male predominance can be attributed to 
the large cluster outbreak at an industrial vocational train-
ing school for foreign students in Sendai city during day 
99-106 of the testing program.  This cohort of cluster out-
break involved 284 foreign students (257 males and 27 

females) who were tested in our testing center, and 53 of 
them tested positive for SARS-CoV-2.  Upon excluding 
these 284 cases of this cluster outbreak, the male predomi-
nance disappeared (male: 53/111 [47.7%] in the test-posi-
tive group vs. 1,463/3,145 [46.5%] in the test-negative 
group; p = 0.7986).  Importantly, the high prevalence of 
non-native residents among those with positive results for 
COVID-19 was also strengthened by this large cluster out-
break in the vocational school for foreign students.  After 
removing the 284 students from the analysis, the observed 
tendency for non-native predominance disappeared (preva-
lence of non-native participants: 1.8% in the test-positive 
group vs. 0.4% in the negative group; p = 0.0798).  In addi-
tion, after removing the 284 foreign students, the preva-
lence of participants of 20-49 years was no longer a signifi-
cant predictor for SARS-CoV-2 test positivity (rate of 
participants between 20 and 49 years: 58.6% in the test-
positive group vs. 49.7% in test-negative group; p = 
0.0665).  None of the 326 pregnant women (none had a 
preceding history of contact with COVID-19 patients) who 
were tested in our drive-through clinic were positive for 
SARS-CoV-2.

Fig. 4.  Numbers of participants tested positive for COVID-19 at the drive-through outpatient clinic.
 The number and rate of SARS-CoV-2 test-positive participants each day during the study period are shown in the bar 

graph.  The rate of participants tested positive for COVID-19 was calculated by dividing the number of participants pos-
itive for COVID-19 by the total number of participants tested each day.  At least six independent cluster occurrences can 
be confirmed from this graph, with the largest occurring on day 103.
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Multivariate analysis for predicting the SARS-CoV-2 
RT-PCR positivity

Based on the results of the univariate analyses, we per-
formed a multivariate analysis with binary logistic regres-
sion to predict SARS-CoV-2 test positivity by employing 
variables of particular clinical interest or with p values < 
0.10 as independent variables.  Age and body temperature 
were both used as numeric variables and not as ordinal vari-
ables.  The results of the multivariate analysis are shown in 
the first half of Table 3.  Male predominance disappeared in 
the multivariate analysis, whereas other variables (namely 
foreign nationality, age above 19 years, close contact his-
tory, body temperature, and cough symptoms) showed sta-
tistical significance in predicting SARS-CoV-2 test positiv-
ity.

Since the results could have been significantly biased 
by the largest cluster outbreak in the vocational school for 
foreign students, we also performed a binary logistic regres-
sion analysis after excluding the 284 foreign students 
involved in the cluster outbreak.  The results after exclud-
ing the data from the largest cluster outbreak are shown in 
the second half of Table 3.  The significance of foreign 
nationality and age above 19 years was significantly weak-
ened, whereas that of body temperature disappeared.  
Meanwhile, the significance of close contact history with 
COVID-19 patients was further strengthened by excluding 

the cluster outbreak.

Details of 164 COVID-19 positive patients
First, the changes in the number and rate of COVID-

19-positive cases on each day are shown in Fig. 4.  We 
could demonstrate at least six apparent independent cluster 
occurrences, with the largest occurring around day 103 (i.e., 
the aforementioned cluster outbreak in a vocational school 
for foreign students).  Next, the histograms of the age and 
body temperature measured at the drive-through outpatient 
clinic of the COVID-19-positive cases, together with those 
of the COVID-19-negative cases, are shown in Fig. 5.  The 
age distribution of COVID-19-positive patients who visited 
our outpatient clinic was partly similar to the peak (i.e., 
20-25 years) age of the COVID-19-negative participants 
who visited the clinic.  The distribution of body temperature 
was not significantly different between those with COVID-
19-positive and COVID-19-negative cases.  It should be 
noted that since the body temperature was measured out-
door using a non-contact thermometer, the measured values 
could be different from those obtained indoor using a con-
tact thermometer.

Discussion
Here, we present an overview of the drive-through 

nasopharyngeal RT-PCR swab test for COVID-19 per-

Fig. 5.  Histograms of the age and measured body temperature stratified by SARS-CoV-2 RT-PCR positivity.
 The number of participants tested during the study period in each age range and body temperature is shown as histo-

grams in these bar graphs.  It should be noted that the sharp peak of age in 20-29 years among the SARS-CoV-2 test-
positive cases mostly resulted from the largest cluster outbreak in a vocational school for foreign students with 53 test-
positive cases.  Additionally, the body temperature was measured outside at the testing site over the car window by non-
contact thermometer.
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formed at our drive-through outpatient clinic.  We also 
evaluated the demographic and clinical data collected at the 
clinic to determine factors that could predict positive test 
results for COVID-19.  To the best of our knowledge, this 
is the first report on the current status of a drive-through 
testing site for COVID-19 with the achieved test results.  
The results provide several important insights that could be 
useful for operating drive-through testing centers in other 
countries.  First, the number of testing participants largely 
fluctuated each day as shown in Fig. 3, suggesting that the 
required minimum number of medical staff can be different 
on each day.  Another notable finding was that none of the 
326 pregnant women (none had contact history with 
COVID-19 patients) who underwent medical checkups 
were positive for COVID-19.  Performing swab tests for all 
pregnant women without a contact history or suspicious 
symptoms may have a limited role in the present pandemic 
situation in Japan.  This study also demonstrated the valid-
ity and usefulness of checking for a history of close contact 
with COVID-19 patients.  Regardless of the presence of 
suspicious symptoms, individuals with close contact with 
COVID-19 patients should preferably undergo testing for 
the virus as the government presently recommends.

A limitation of this study is that it was based on data 
from a single testing site in Japan.  Consequently, the gen-
eralizability of our results is limited.  Similar reports from 
other countries are needed to confirm the validity of this 
study.  Another limitation is that information about dysgeu-
sia was not collected at the testing site.  The clinical impor-
tance of dysgeusia as a predictor of COVID-19-positivity 
needs to be evaluated.

In conclusion, the obtained data of drive-through naso-
pharyngeal swab RT-PCR test show that close contact his-
tory and cough symptoms are significant predictors of 
SARS-CoV-2 test positivity.  Individuals with these predis-
posing factors should preferentially undergo testing for 
SARS-CoV-2 viral RNA.
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