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ABSTRACT
Background Severe acute respiratory syndrome coro-
navirus 2 (SARS-CoV-2) infections were not prevalent 
in Yonago and its vicinity during autumn 2020, and the 
relative frequencies of pathogen-induced respiratory 
infections during this period are unclear.
Methods We collected 109 nasopharyngeal swabs from 
93 pediatric patients who visited Tottori University 
Hospital between October 1, 2020, and March 31, 2021. 
These samples were comprehensively tested for 18 
pathogens with the FilmArray® respiratory panel test 
(v2.1) using nested real-time polymerase chain reaction, 
and the frequency of pathogens detected per month was 
calculated. In addition, we compared the duration of 
fever and the blood test results of patients infected with 
each pathogen or multiple pathogens.
Results Of the 109 samples, 42 were obtained from 
female patients and 67 from male patients (median age, 
3 years; range, 0–15 years). Overall, 62 patients (56.9%) 
had a fever ≥ 38 °C at the time of examination, and the 
median duration of fever ≥ 38 °C was 2 days (1–12). 
During the study period, the highest number of samples 
(22) were collected in November 2020. Among samples 
that tested positive, the most common pathogens were 
rhino/enteroviruses (52 samples; 76.5%), followed by 
adenoviruses (7 samples; 10.3%), coronavirus NL63 (6 
samples; 8.8%), coronavirus OC43, parainfluenza virus 
type 1, and parainfluenza virus type 2 (1 sample each; 
1.5% each). The duration of fever was significantly 
longer in adenovirus-infected patients than in patients 
infected with other viruses (P < 0.05). Hemoglobin and 
sodium levels were also significantly lower among the 
adenovirus-infected patients. However, these variations 
were mostly within the normal range. No clinically 
meaningful differences were found between rhino/
enterovirus-infected and non-rhino/enterovirus-infected 
cases, between coronavirus NL63-infected and non-
coronavirus NL63-infected cases, and between cases 
with multiple- and single-pathogen infections.
Conclusion Rhino/enteroviruses were the most com-
mon viruses causing respiratory tract infections in areas 
without endemic SARS-CoV-2.
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tory panel test; rhino/enterovirus; severe acute respira-
tory syndrome coronavirus 2

Since 2019, severe acute respiratory syndrome coro-
navirus 2 (SARS-CoV-2) infections have caused a 
pandemic.1 The first case of SARS-CoV-2 infection 
in Japan was identified on January 16, 2020.2 Since 
then, the SARS-CoV-2 epidemic has persisted in 
Japan. Similar to other countries worldwide, Japan has 
experienced an outbreak of severe respiratory infec-
tions due to SARS-CoV-2 coronavirus Disease-2019 
(COVID-19).1, 2 Although vaccination efforts are un-
derway, they have not completely stopped the spread of 
the infection. Therefore, in addition to isolating patients 
with COVID-19, various medical facilities in Japan have 
also established nosocomial infection control measures 
such as disinfecting hands, wearing masks, monitoring 
body temperature, and restricting visits to hospitalized 
patients.3

Since October 2020, Tottori University Hospital 
has been implementing respiratory infection panel tests 
in addition to general infection control measures to 
prevent the entry and clustering of novel coronaviruses 
in hospitals. Respiratory infection panel testing with the 
FilmArray® respiratory infection panel is performed 
immediately prior to admission for pediatric emergency 
patients, preoperative patients, or patients whose attend-
ing physician determines that screening is necessary.4, 5 
In the FilmArray® panel, nested real-time polymerase 
chain reaction is used to detect multiple viral and 
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bacterial respiratory pathogens, and the test results are 
obtained in approximately one hour. Severe cases of 
COVID-19 are rare in pediatric patients.5 Nevertheless, 
it is very important to prevent SARS-CoV-2 infection in 
pediatric patients because many immunocompromised 
children are hospitalized in the pediatric ward due to the 
administration of antineoplastic and immunosuppres-
sive drugs.

The relatively large number of samples collected 
by respiratory panel testing in this study allowed us to 
investigate the frequency of transmission in children of 
a countermeasure respiratory infection virus in a special 
setting in which citizens were well infected, which was 
not known accurately before. More specifically, we were 
also able to determine the frequency of infection with 
rhinoviruses, coronaviruses other than SARS-CoV-2, 
adenoviruses, and other viruses that cause respiratory 
infections such as the common cold and acute pharyngi-
tis.6, 7

In this study, we report on the frequency of infec-
tion by viruses that cause common respiratory tract 
infections, and compare clinical data for each virus type 
during a time in which SARS-CoV-2 was not circulat-
ing in the region. We also examined the duration of 
fever, a typical clinical manifestation of each pathogen, 
and laboratory data commonly measured on admission 
blood tests (abnormal blood cell counts, electrolytes, 
liver function, and renal function).

MATERIALS AND METHODS
The primary outcome of the study was the frequency of 
infection with respiratory infectious disease pathogens 
in a non-endemic area of the same virus under condi-
tions of widespread infection control measures against 
novel coronaviruses. Secondary outcomes were char-
acteristics of each viral infection and duration of fever, 
blood counts, liver function, renal function, electrolytes, 
inflammatory response, and the type and frequency of 
viruses that are infectious despite the absence of respi-
ratory symptoms.

In this study, we used 109 nasopharyngeal swab 
samples from 93 patients (ages: 0–15 years) admitted to 
Tottori University Hospital between October 1, 2020, 
and March 31, 2021. Most tests were performed for 
screening purposes during hospitalization, and only 
a few procedures were performed in an outpatient 
clinic. Although the SARS-CoV-2 epidemic had not 
yet occurred in Yonago during this period, citizens had 
enhanced their infection control measures due to the 
outbreak in Japan. Although the study had an opt-out 
to allow patients or their guardians to refuse the study 
because it was a retrospective observational study, none 

of them expressed a refusal to participate in the study.
Viruses and other pathogens were detected by 

swabbing the patient’s nasopharynx with a sterile swab. 
These samples were analyzed with the FilmArray® 
Respiratory Panel v2.1 (bioMérieux, Marcy-l’Etoile, 
France).8–10 The following microorganisms can be 
detected with this technique: adenovirus, conventional 
or common coronaviruses (HKU1, NL63, 229E, and 
OC43), SARS-CoV-2, human metapneumovirus, hu-
man rhino/enterovirus, influenza virus (types A and B), 
parainfluenza virus (types 1, 2, 3, and 4), respiratory 
syncytial virus (RSV), Bordetella pertussis, Chlamydia 
pneumoniae, and Mycoplasma pneumoniae.4 In this 
study, rhinovirus and enteroviruses were treated as the 
same pathogen because they were indistinguishable in 
the FilmArray® panel.

The monthly detection frequency of the viruses is 
represented as a bar graph (Fig. 1). Fever was defined 
as a maximum daily body temperature ≥ 37.5 °C. Fever 
duration was defined as the period from the day when 
fever was observed to the day before fever resolution.

The medians of fever duration and laboratory 
data were compared for each type of virus, and the 
Mann-Whitney U test was used to detect significant 
differences between the respective medians. The level 
of significance (P-value) was set at P < 0.05. Statistical 
analyses were conducted in R statistical software ver-
sion 4.0.5 (2021-03-31).11 This is an exploratory study 
and the P-values calculated are nominal. In addition, the 
issue of multiplicity was not considered.12 The clinical 
and blood laboratory data reviewed included maximum 
body temperature, fever duration, white blood cell 
(WBC) count, absolute neutrophil count (ANC), abso-
lute lymphocyte count (ALC), Hb, platelet (PLT) count, 
and the levels of sodium (Na), potassium (K), chloride 
(CI), aspartate aminotransferase (AST), alanine ami-
notransferase (ALT), lactate dehydrogenase (LD), urea 
nitrogen (BUN), creatinine (Cre), and C-reactive protein 
(CRP).

This study was approved by the Ethical Review 
Committee of the Tottori University Faculty of 
Medicine (reference number: 21A040).

RESULTS
The demographic data are listed in Table 1. During 
the observation period, 109 patients underwent a 
FilmArray® examination at our hospital. Of these, 42 
patients were female and 67 were male, and the median 
age was 3 years. Among the patients with fever ≥ 37.5 
°C, the median time to reach a temperature of < 37.5 
°C was one day. In total, 56 patients tested positive for 
some kind of virus by FilmArray® testing. Of these, 42 
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were isolated rhinovirus/enterovirus infections, which 
constituted the highest number of viruses detected 
in this study. The other viruses detected included 
adenovirus (7 patients), coronavirus NL63 (6 patients), 
coronavirus OC43 (1 patient), and parainfluenza virus 
type 1 and 2 were detected simultaneously in one pa-
tient. Moreover, 10 patients tested positive for multiple 
viruses. SARS-CoV-2, RSV, and influenza viruses were 
not detected during the observation period. The most 
common reasons for consultation or hospitalization 
were febrile convulsions, bronchial asthma, acute phar-
yngitis, and acute bronchitis.

The types and numbers of viruses detected per 
month are shown in Fig. 1. Among samples that tested 
positive, the positivity rates of various viruses were as 
follows: 76.5% for rhino/enterovirus, 10.3% for adeno-
virus, 8.8% for coronavirus NL63, 1.5% for coronavirus 
OC43, and 1.5% for parainfluenza virus types 1 and 2. 
During the study period, the highest number of samples 
(22) were collected in November 2020.

To evaluate the relationship between viral infec-
tions and clinical data, we performed comparative 
analyses (Tables 2–5). Cases positive for adenovirus 
and those positive for other types of viruses were sig-
nificantly different with respect to the duration of fever 
≥ 38°C, Hb level, and Na level. Figure 2 shows the box 

plots for fever duration (Fig. 2a), Na level (Fig. 2b), and 
Hb level (Fig. 2c) among the groups. Fever duration and 
laboratory data were also compared between adenovi-
rus-positive and adenovirus-negative cases (Table 2). 
As shown in Fig. 2, adenovirus-positive cases showed 
a long fever period, low sodium and low hemoglobin 
levels. Additionally, serum potassium K levels (Fig. 2d), 
aspartate aminotransferase AST levels (Fig. 2e) between 
patients infected with rhino/enterovirus and other 
pathogens and serum K levels (Fig. 2f) between patients 
infected with coronavirus NL63 and other pathogens.

Table 3 shows the comparisons of blood tests and 
fever duration between patients positive and negative for 
human rhinovirus/enterovirus among the cases where 
pathogens were detected. Serum K and AST levels were 
significantly lower in human rhinovirus/enterovirus-
positive cases than in other virus-positive cases (P < 
0.05). However, these differences were not clinically or 
morbidly significant.

Fever duration and blood test results were 
compared between patients positive and negative for 
coronavirus NL63 in cases where pathogens were 
detected (Table 4). Serum K levels were significantly 
higher in coronavirus NL63-positive cases than in other 
cases positive for other viruses (P < 0.05). However, 
this difference in serum K levels was not a clinically 

Fig. 1.  Number of viruses detected in samples each month. The number of samples tested in October, November, and December 2020, 
and January, February, and March 2021 were 9, 25, 17, 17, 13, and 28, respectively.
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Table 1.  Demographic, diagnostic and clinical data of patients enrolled in the study

Demographic characteristics (n = 109)
Sex
  Female 42 (38.5%)
Median age (years) 3 (0–15)
Admission 106 (97.2%)
Febrile cases (≥ 37.5°C) 73 (67.0%)
Febrile cases (≥ 38.0°C) 62 (56.9%)
Median Duration of fever (≥ 37.5°C) 2 (1–13)
Median Duration of fever (≥ 38.0°C) 2 (1–12)
Viruses (n = 56)
  Human rhinovirus/enterovirus 42
  Adenovirus and Human rhinovirus/enterovirus 5
  Coronavirus NL63 and Human rhinovirus/enterovirus 3
  Coronavirus NL63 2
  Adenovirus 1
  Coronavirus OC43 1
  Adenovirus, Coronavirus NL63 and Human rhinovirus/enterovirus 1
  Parainfluenza 1, Parainfluenza 2 and Human rhinovirus/enterovirus 1
Diagnosis n
  Febrile seizure 16
  Asthma 12
  Pharyngitis 10
  Bronchitis 9
  Urinary tract infectious disease 6
  Esophageal foreign objects 5
  Acetonic vomiting 4
  Pneumonia 4
  Croup syndrome 4
  Infectious gastroenteritis 3
  Kawasaki disease 3
  Food allergy 3
  Intestinal obstruction 3
  Unidentified fever 3
  Juvenile idiopathic arthritis 2
  Epilepsy 2
  Head trauma 2
  Other 18

The “Other” category includes one case each of the following diseases: cellulitis, fever after the 
vaccination, herpes zoster, neuroblastoma, rotavirus gastroenteritis, tibial fracture, vulvar hema-
toma, acute lymphatic leukemia, bacteremia, exanthema subitem, primary chordal rupture, soft 
palate wound, Yersinia infection, acute pancreatitis, laryngomalacia, pit viper bite, pulmonary 
edema, and systemic lupus erythematosus.



248

S. Kakee et al.

© 2022 Tottori University Medical Press

meaningful difference.
Fever duration and blood test data were also com-

pared between fever between cases with multiple- and 
single-pathogen infections (Table 5). ALC and serum 
K levels were higher in cases positive for multiple 
viruses and lower in cases positive for a single virus, 
although the differences were not significant. Therefore, 
there was no significant difference in fever duration or 
laboratory data between cases infected with multiple 
pathogens compared to those infected with only a single 
pathogen.

In some cases, the virus was detected despite the 
absence of respiratory symptoms (Fig. 3). By far the 
most common virus was rhino/enterovirus, followed by 
adenovirus and coronavirus NL63.

DISCUSSION
Here, we reviewed previously unreported epidemiologi-
cal data and clinical outcomes of respiratory pathogens 
in children and their impact on blood test results in and 
around a rural, pre-endemic region, while measures 
to prevent the spread of SARS-CoV-2 were already 
in place. We used the FilmArray® Respiratory Panel 
v2.1 to determine the frequency of infection by various 
pathogens in respiratory tract infections. In this study, 
there were 10 rhino/enterovirus-detected cases without 
respiratory symptoms and it was the most frequent. 
Interestingly, human rhinovirus/enterovirus was also 

detected in patients not directly affected by respiratory 
tract infections. This included patients who presented 
with snakebites, urinary tract infections, accidental 
ingestion of foreign objects, convulsions without fever, 
head trauma, ileus, acute pancreatitis, and juvenile 
idiopathic arthritis. In addition, coronavirus NL63 
(two cases) and adenovirus (one case) were detected in 
patients without respiratory symptoms. This suggests 
a high frequency of asymptomatic rhino/enterovirus 
carriers. In fact, this result is consistent with reports 
that rhino/enterovirus infections cause about 4% of 
deaths, while more than half of the pediatric cases are 
asymptomatic or mildly ill.13 Among adult patients who 
test positive for viruses that cause respiratory infections 
(such as rhinoviruses or conventional coronaviruses), 
57.7–93.3% have been reported to be asymptomatic.14 
Tomlinson et al. also reported that respiratory viruses—
except for rhinoviruses—were not frequently detected 
in asymptomatic healthy adults, and suggested that this 
generally indicates a current or recent symptomatic 
infection.15

In Yonago City, where Tottori University Hospital 
is located, the prevalence of COVID-19 is lower than 
that in larger cities such as Tokyo and Osaka. During 
the period of this study, there were no lockdowns or 
other restrictions on the movement of Japanese citizens. 
In particular, Tottori Prefecture, where Yonago is 
located, has the smallest population in Japan, and due to 

Table 2.  Comparison of laboratory data and duration of fever between cases with and without adenovirus 
infection

Detected [n = 7] Undetected [n = 46] P-value
Duration of fever (≥ 38.0°C) 4 (0–4) [5] 0 (0–6) [40] 0.0099*
WBC [*103/μL] 14.5 (7.9–25.7) 12.1 (3.8–24.1) 0.7327
ANC [*103/μL] 5.85 (4.51–16.7) 7.74 (1.22–20.3) [43] 0.9563
ALC [*103/μL] 5.22 (1.42–12.4) 3.05 (0.65–12.7) [43] 0.0928
Hb [g/dL] 11.5 (10.9–12.2) 12.4 (9.6–18.2) 0.0246*
PLT [*103/μL] 22.0 (15.0–61.7) 31.8 (4.09–65.2) 0.2424
CRP [mg/dL] 0.76 (0.02–18.4) 0.56 (0.01–29.3) 0.7324
Na [mmol/L] 134 (134–139) 138 (131–148) [45] 0.0100*
K [mmol/L] 4.5 (3.8–4.9) 4.2 (3.3-6.1) [45] 0.4923
Cl [mmol/L] 101 (98–103) 103 (96-110) [45] 0.0608
BUN [mg/dL] 9.0 (5.2–16.4) 11.1 (3.2-20.6) [45] 0.7476
Cre [mg/dL] 0.24 (0.17–0.26) 0.26 (0.15-0.92) [45] 0.1431
AST [U/L] 37 (25–60) 32 (15-168) [45] 0.3273
ALT [U/L] 18 (13–24) 17 (10-273) [45] 0.8931
LD [U/L] 308 (237–411) 304 (209-560) [45] 0.6389
In Table 2, 3, 4, and 5, the numbers represent the median, and values in parentheses represent the range. Numbers in square brackets 
indicate the number of samples in case of missing samples. *P < 0.05.
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its geographical characteristics, there is less traffic from 
outside the prefecture than in other prefectures. Perhaps 
because of this situation, none of the subjects in this 
study tested positive for the novel coronavirus.

One of the findings of statistical significance in this 

study was a longer duration of fever in patients infected 
with adenovirus. Adenoviral infections are known to 
cause higher temperatures and more prolonged fever 
compared with other viruses.16 In addition, the analysis 
of blood test results show leukocytosis and elevated 

Fig. 2.  Box-and-whisker plots of fever duration (a), sodium (Na) levels (b), and hemoglobin levels (Hb) (c) for adenovirus-positive and 
negative cases are shown. Comparison of serum potassium (K) levels (d) and aspartate aminotransferase (AST) levels (e) between patients 
infected with rhino/enterovirus and other pathogens, and serum K levels (f) between patients infected with coronavirus NL63 and other 
pathogens are also illustrated. Statistically significant differences (P < 0.05) were observed in these (a), (b), (c), (d), (e) and (f).
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CRP levels in these patients, indicating a strong inflam-
matory response.17, 18 Although this is speculated to be 
related to hypercytokinemia, the details are unknown. 
Sodium was significantly lower in the adenovirus-
infected cases. This difference may be due to syndrome 

of inappropriate secretion of antidiuretic hormone 
(SIADH). Other statistically significant differences 
shown in Tables 2–5, such as Hb, K, and AST are un-
likely to be due to viral infection and may be related to 
factors unrelated to infection, such as hemolysis during 

Table 3.  Comparison of laboratory data and duration of fever between cases with and without human rhinovirus/
enterovirus infection

Detected [n = 50] Undetected [n = 4] P-value
Duration of fever (≥ 38.0°C) 0 (0–6) [41] 2 (0–4) 0.1848
WBC [*103/μL] 12.2 (3.8–25.7) 10.6 (9.2–12.4) [3] 0.3456
ANC [*103/μL] 7.74 (1.22–20.3) [47] 4.51 (1.61–7.94) [3] 0.1612
ALC [*103/μL] 3.19 (0.65–12.7) 4.23 (2.85–8.34) 0.3854
Hb [g/dL] 12.1 (9.6–18.2) 11.0 (10.2–12.8) [3] 0.2106
PLT [*103/μL] 29.6 (4.09–65.2) 29.5 (15.0–48.8) [3] 0.9846
CRP [mg/dL] 0.6 (0.01–29.3) 0.08 (0.02–0.28) [3] 0.0731
Na [mmol/L] 138 (131–148) [49] 138 (134–139) [3] 0.5149
K [mmol/L] 4.1 (3.3–6.1) [49] 4.6 (4.6–4.7) [3] 0.0247*
Cl [mmol/L] 103 (96–110) [49] 103 (100–103) [3] 0.5939
BUN [mg/dL] 11.1 (3.2–20.6) [49] 9.0 (6.8–13.8) [3] 0.6516
Cre [mg/dL] 0.25 (0.15–0.92) [49] 0.2 (0.19–0.24) [3] 0.1568
AST [U/L] 32 (15–168) [49] 48 (36–60) [3] 0.0373*
ALT [U/L] 17 (10–273) [49] 22 (19–24) [3] 0.1568
LD [U/L] 304 (209–560) [49] 307 (280–368) [3] 0.7387
*P < 0.05.

Table 4.  Comparison of laboratory data and duration of fever between cases with and without coronavirus NL63 
infection

Detected [n = 4] Undetected [n = 49] P-value
Duration of fever (≥ 38.0°C) 0.5 (0–1) 0 (0–6) [41] 0.648
WBC [*103/μL] 11.6 (9.4–22.1) 12.1 (3.8–25.7) 0.9866
ANC [*103/μL] 6.51 (4.98–12.4) 7.63 (1.22–20.3) [46] 0.9024
ALC [*103/μL] 4.17 (2.85–7.07) 3.12 (0.65–12.7) [46] 0.3674
Hb [g/dL] 11.7 (10.2–12.4) 12.2 (9.6–18.2) 0.2382
PLT [*103/μL] 40.4 (26.0–48.8) 29.3 (4.09–65.2) 0.2319
CRP [mg/dL] 0.51 (0.28–1.0) 0.56 (0.01–29.3) 1.0000
Na [mmol/L] 137 (134–139) 138 (131–148) [48] 0.3335
K [mmol/L] 4.55 (4.4–4.7) 4.1 (3.3–6.1) [48] 0.0311*
Cl [mmol/L] 101 (98–103) 103 (96–110) [48] 0.1419
BUN [mg/dL] 9.7 (6.8–11.9) 11.1 (3.2–20.6) [48] 0.4295
Cre [mg/dL] 0.23 (0.19–0.27) 0.25 (0.15–0.92) [48] 0.3802
AST [U/L] 36.5 (32–42) 32 (15–168) [48] 0.2289
ALT [U/L] 20 (12–25) 17 (10–273) [48] 0.7307
LD [U/L] 328 (255–411) 305 (209–560) [48] 0.6064
*P < 0.05.
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blood collection. Hemoglobin may also be affected by 
patient factors unrelated to viral infection, such as iron 
deficiency.

Although RSV and influenza virus infections are 
usually prevalent between fall and spring, they were not 
detected in this study. A recent study from Yokohama, 
which is one of the largest cities in Japan, during a 
SARS-CoV-2 epidemic reported that incidences of 

rhinovirus infections increased among children below 
10 years of age. In contrast, other viral infections—such 
as influenza and infections caused by parainfluenza 
virus, RSV, and adenovirus—generally decreased.19 
This may be because of behavioral changes among 
citizens due to the COVID-19 pandemic, including hand 
washing with detergents, disinfection with alcohol, 
wearing masks, and maintaining social distance when 
speaking.20 Another possible explanation for this is 
that viruses without envelopes including rhinoviruses/
enteroviruses are less effective to disinfection methods, 
including disinfection with ethanol than enveloped 
viruses.21, 22 However, coronaviruses, RSVs, influenza 
viruses, and parainfluenza viruses have envelopes, and 
are thus susceptible to detergents or alcohol.20, 23–26 
One study reported that alcohol-based disinfectants 
are more effective against Coxsackie viruses (a type 
of enterovirus). This may lead to a decrease in the 
frequency of infections, as observed in this study.27 
Moreover, because rhinoviruses can be transmitted via 
aerosols and droplets, surgical masks cannot completely 
prevent transmission.28, 29 In contrast, there have been 
no reports of aerosol transmission of adenoviruses in 
the natural environment. Therefore, it is possible that 
the frequency of rhino/enterovirus infections did not 
decrease even after behavioral changes in citizens. 
Another potential reason for the scarcity of RSV and 
inf luenza infections may be viral interference. For 
example, viral interference has been reported between 

Table 5.  Comparison of laboratory data and duration of fever between cases with multiple- and single-pathogen 
infections

Detected [n = 9] Undetected [n = 44] P-value
Duration of fever (≥ 38.0°C) 1 (0–4) [7] 0 (0–6) [38] 0.3139
WBC [*103/μL] 10.8 (7.9–25.7) 12.2 (3.8–24.1) 0.7944
ANC [*103/μL] 5.63 (1.53–16.7) 7.94 (1.22–20.3) [41] 0.4078
ALC [*103/μL] 4.86 (1.42–12.4) 2.87 (0.65–12.7) [41] 0.0729
Hb [g/dL] 11.7 (10.9–12.4) 12.4 (9.6–18.2) 0.1177
PLT [*103/μL] 23.5 (11.3–61.7) 31.8 (4.09–65.2) 0.3255
CRP [mg/dL] 0.61 (0.02–18.4) 0.56 (0.01–29.3) 0.6868
Na [mmol/L] 136 (134–141) 138 (131–148) [43] 0.0886
K [mmol/L] 4.4 (3.8–4.9) 4.2 (3.3–6.1) [43] 0.5197
Cl [mmol/L] 102 (98–105) 103 (96–110) [43] 0.1282
BUN [mg/dL] 10.4 (5.2–16.4) 11.1 (3.2–20.6) [43] 0.6987
Cre [mg/dL] 0.24 (0.17–0.3) 0.25 (0.15–0.92) [43] 0.3507
AST [U/L] 37 (25–168) 32 (15–60) [43] 0.1952
ALT [U/L] 18 (12–273) 17 (10–58) [43] 0.9613
LD [U/L] 308 (237-560) 304 (209-450) [43] 0.4905
*P < 0.05.

Fig. 3.  Type of virus detected in patients without respiratory 
symptoms and number of cases. A particularly large number 
of patients with entero/rhinoviruses were not accompanied by 
respiratory symptoms.
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rhinoviruses and influenza type A viruses, suggesting 
that rhinoviruses inhibit the proliferation of influenza 
type A viruses by activating the immunological defense 
system in the mucosal epithelium.30

In five cases of pharyngitis, one case of croup 
syndrome, four cases of bronchitis, three cases of 
pneumonia, and two cases of febrile convulsions, 
the FilmArray® panel did not detect any pathogens. 
Although the FilmArray® panel can comprehensively 
detect multiple respiratory pathogens (as described 
above), they do not detect all pathogens that cause 
respiratory infections. Viruses such as the human bo-
cavirus, human parechovirus, and influenza virus type 
C, as well as bacteria such as Haemophilus influenzae, 
Streptococcus pneumoniae, and Moraxella catarrhalis 
cause respiratory infections, but are not detected by 
the FilmArray®.31–34 In particular, parechoviruses 
and bocaviruses do not have envelopes, and may have 
caused a small epidemic. Furthermore, it is important 
to consider the possibility of false-negative results. We 
could not find any published reports on the sensitivity of 
the FilmArray® Respiratory Panel v2.1 for all 18 detect-
able pathogens within the scope of our search. However, 
for SARS-CoV-2, the sensitivity of this testing panel is 
not inferior to that of quantitative reverse transcriptase 
polymerase chain reaction.10 We speculate that if there 
had been false negative results, it is likely to have been 
due to poor specimen collection.

This study had some limitations. The study period 
was short (6 months), the data were collected in a 
relatively small area of Yonago City and its vicinity, 
and the frequency of virus detection was not high. 
Therefore, this was quite a small study. It is possible 
that the investigation of a small number of cases, for 
example, coronavirus NL63, may not reflect actual 
clinical practice. However, this study provides impor-
tant information, as there have been no previous studies 
examining the frequency of infection and clinical data 
of pathogen-caused respiratory tract infections in chil-
dren during the time window preceding the COVID-19 
pandemic. In addition, because this was a retrospective 
and exploratory study, the division into groups infected 
and uninfected with each pathogen in Tables 2 through 
5 was unavoidably biased.

In conclusion, rhino/enteroviruses were the most 
common cause of pediatric respiratory tract infections 
(including asymptomatic carriers) in an area where 
SARS-CoV-2 control measures had been implemented 
before the epidemic.
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