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ABSTRACT

Background: Respiratory virus infections often cause a wide spectrum of symptoms including gastrointestinal presentations
(GP). The epidemiology of respiratory viruses in patients with GP needs to be better described.

Methods: Throat swabs were collected and tested for 15 respiratory viruses from pediatric patients (<14 years old) with acute
respiratory illness in Guangzhou over a 3-year period. The features of respiratory virus infections were analyzed among those
with GP.

Results: Of 4,242 patients enrolled, 1,223 (28.8%) had GP. Among those, 647 (52.9%) were positive with one or more of the 15
tested respiratory viruses. The most frequently detected viruses were respiratory syncytial virus (RSV) (21.1%, 258), enterovirus
(EV) (10.1%, 124), influenza A virus (infA) (7.8%, 95), adenovirus (ADV) (5%, 61), human metapneumovirus (HMPV) (4.1%,
50), and human bocavirus (HBoV) (3.5%, 43). More RSV (p =.001) and EV (p <.001) infections were found in patients with GP
than in patients without GP. 734 (60.0%) patients with GP presented with “Poor appetite”, 480 (39.2%) with “Vomiting”, 301
(24.6%) with “Diarrhea” and 73 (6.0%) with “Stomachache”. Significant differences in the virus positivity rate were found for
RSV (p <.001), EV (p =.002) and PIV3 (p = .037). 90.6% (1,108/1,223) of patients with GP were under 5 years old. Among
different age groups, significant differences in the virus positivity rate were found for infA (p = .005), influenza B virus (infB) (p
=.006), RSV (p < .001), parainfluenza virus type 3 (PIV3) (p =.019), ADV (p <.001), and HBoV (p =.009). RSV was mostly
detected in patients under 2 years old (90.3%, 233/258) with frequency declining with age, while frequency of infA and infB
increased with age. ADV, HBoV, and PIV3 reached their highest peaks in the age groups of 6-10 years old (11%), 7-12 months
(8%) and 4-6 months (5.8%), respectively. In general, sample positivity rates in patients with GP increased when seasons changed.
RSV, EV, infA, ADV, HMPV, and HBoV formed the bulk of the positive samples.

Conclusion: In this study, the epidemiology of respiratory virus infections in patients with GP was analyzed. This information
increases our understanding of respiratory virus infections and may help in clinical diagnosis of these viruses.
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1. INTRODUCTION

Respiratory viruses are important pathogens of acute res-
piratory illness (ARI) which lead to 4 to 5 million deaths
each year in low-income countries,''* and mostly occurred
in children.['->) The studies, which conducted in developed
countries using viral culture diagnosis, have estimated that
infants and preschoolers experience 6-10 viral infections an-
nually and school-age children and adolescents experience
3-5 illnesses annually.®7!

Viral ARI is very complex in etiology and diverse in clinical
presentations, and has a close relationship with gastroin-
testinal illness. Respiratory virus infection usually leads to
gastrointestinal presentation (GP) as well as ARI. However,
limited data have been obtained about the relationship be-
tween respiratory virus infection and GP.®!3 To answer the
question of whether GP is important for understanding res-
piratory virus infection, the overall epidemic characteristics
of respiratory virus needed to be evaluated. In this work,
which took place in Guangzhou over a 3-year period, we
studied the characteristics of 15 respiratory virus infections
and GP in children with ARI. Our results have provided a
more complete understanding of the symptoms of respiratory
virus infection.

2. METHODS

2.1 Ethics statement

The study was approved by The First Affiliated Hospital
of Guangzhou Medical University Ethics Committee for re-
search on human beings, and the next of kin, caretakers, or
guardians gave signed informed consent on behalf of the
minors/children for participation in the study.

2.2 Sample collection

The study was conducted in three tertiary hospitals between
July 2009 and June 2012 in Guangzhou, southern China. The
throat swab samples were collected from pediatric patients
(L14 years old) who first presented with ARI. ARI criteria
were defined as presenting with at least two of the following
symptoms: cough, pharyngeal discomfort, nasal congestion,
rhinorrhea, sneeze, or dyspnea during the previous week.
Patients, who were diagnosed with pneumonia by chest ra-
diography during the previous week, were also included in
this study. Chest radiography was conducted according to
the clinical situation of the patients. Enrolled patients with
vomiting, poor appetite, stomachache or diarrhea were cate-
gorized as having GP. Enrolled patients without any of these
four GP symptoms were categorized as the “without GP”
group. The patients who identified with acute gastroenteritis
were excluded in this study.

Throat swab samples were collected and refrigerated at 2°C-
20

8°C in viral transport medium, transported on ice to the
State Key Laboratory of Respiratory Diseases, and analyzed
immediately or stored at -80°C before testing.

2.3 Real-time PCR for respiratory tract virus detection
Fifteen respiratory tract viruses were tested simultaneously
for each sample: influenza A and B virus (infA, infB), res-
piratory syncytial virus (RSV), human metapneumovirus
(HMPV), four types of parainfluenza (PIV1, PIV2, PIV3,
PIV4), enterovirus (EV), four strains of human coronavirus
(HCoV-229E, OC43, NL63 and HKU1), adenovirus (ADV)
and human bocavirus (HBoV). The test procedures have been
described in previous reports according to the manufacturer’s
protocols (Guangzhou HuYanSuo Medical Technology Co.,
Ltd, Guangzhou, China).['%!# In brief, 50 1 RNA/DNA
were extracted from a 200 pl sample, and real-time PCR
was conducted using 25 pl reaction mix, containing M-MLV
RT, Taq polymerase and 5 ul extracted RNA/DNA. Cycling
conditions included an initial reverse transcription at 55°C
for 10 min, incubation at 94°C for 2 min, followed by 40
cycles of 94°C for 10 sec and 55°C for 35 sec (ABI-7500
real-time PCR instrument, Life Technologies, Singapore).

2.4 Statistical analysis

Statistical analyses were performed using SPSS statistical
software (version 19.0; SPSS Inc., Chicago, IL, USA). To
compare categorical data, x? test and Fisher’s exact tests
were used, as appropriate. All tests were two-tailed, and p <
.05 was considered statistically significant.

3. RESULTS

A total of 4,242 pediatric patients, ranging from 1 day to 14
years old, were enrolled in this study. The male to female
ratio was 1.9:1. The median age was 1.5 years (interquartile
range, 0.7 to 3.0). Of these patients, 1,223 (28.8%) patients
had GP and 3,019 (71.2%) patients were without GP. The
male to female ratios in patients with and without GP were
1.9:1 and 2.0:1 (p = .165), and the median ages were 1.3
years (interquartile range, 0.6 to 3.0) and 1.7 years (interquar-
tile range, 0.7 to 3.5), respectively. 90.6% (1,108/1,223) of
patients with GP were under the age of 5 years.

Throat swab samples of the 4,242 patients were collected
and 15 common respiratory viruses were tested simultane-
ously. The virus positivity rate for the total ARI-patients was
51.3% (2,178/4,242). No statistical difference was found in
the virus positivity rates or co-pathogen detection rates (p
> .05) between the patients with and without GP (see Table
1). The most frequently detected viruses in patients with
GP were RSV (21.1%, 258/1,223), EV (10.1%, 124/1,223),
infA (7.8%, 95/1,223), ADV (5%, 61/1,223), HMPV (4.1%,
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50/1,223), and HBoV (3.5%, 43/1,223), followed by HCoV- were found in the positivity rates of RSV (p =.001), EV (p <

0OC43, infB, PIV3, PIV1, PIV2, HCoV-NL63, HCoV-229E,

HCoV-HKUI, and PIV4 with positivity rates under 3.5%
(see Table 1, Figure 1). Statistically significant differences

.001) and infA (p = .002) between patients with and without
GP (see Table 1). A comparison of the virus positivity rates
in patients is shown in Figure 1.
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Figure 1. Detection rates for the 15 respiratory viruses tested in different patient groups in Guangzhou. Throat swabs were
collected and tested by real-time PCR for 15 respiratory viruses from pediatric patients (<14 years old) with ARI.
Note. GP and ARI stand for gastrointestinal presentation and acute respiratory illness, respectively.

In the 1,223 patients with GP, 60.0% (734/1,223) of pa-
tients presented with “Poor appetite”, followed by 39.2%
(480/1,223) with “Vomiting”, 24.6% (301/1,223) with “Di-
arrhea” and 6.0% (73/1,223) with “Stomachache”. The
virus positivity rates in patients with these four symptoms
were 54.5% (400/734) for “Poor appetite”, 52.5% (158/301)
for “Diarrhea”, 49.2% (236/480) for “Vomiting” and 39.7%
(29/73) for “Stomachache” (p = .051). The distribution of the
virus detection rates in the patients with different gastroin-
testinal symptoms is shown in Table 2. Significant differ-
ences in the virus positivity rates among patients with each
of the four symptoms were found for RSV, EV and PIV3 (p
<.05) (see Table 2, Figure 2A). InfA, infB, ADV and HMPV
appeared to have higher positivity rates with “Stomachache”,
but this difference did not reach statistical significance (see
Table 2, Figure 2B). The remaining viruses that had enough
positive samples to compare, PIV1 and HBoV, like RSV, EV
and PIV3, had the lowest positivity rates in “Stomachache”;
however, no significant differences were found for these two
viruses (see Table 2, Figure 2C). The features of the other
six viruses were not clear because too few positive samples
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were obtained to run statistical tests.

The 1,223 patients with GP were divided by age into seven
groups. Statistically significant differences were found in the
virus positivity rate (p = .044), and incidence of infA (p =
.005), infB (P =.006), RSV (p <.001), PIV3 (p =.019), ADV
(p <.001), and HBoV (p =.009) among the age groups (see
Table 3). RSV was predominantly detected in patients under
2 years old (90.3%, 233/258) and its frequency declined with
age, while infA and infB incidence trended in the opposite
direction, increasing with age (see Figure 3A). ADV, HBoV,
and PIV3 reached their highest peaks in patients among the
age groups of 6-10 years old (11%), 7-12 months (8%) and
4-6 months (5.8%), respectively (see Figure 3B). There were
no significant differences in the positivity rates for EV, PIV1,
HCoV-0C43 or HMPV among the age groups, and the distri-
butions of these four viruses are illustrated in Figure 3C. The
age distributions of the remaining five viruses, PIV2, PIV4,
HCoV-229E, HCoV-NL63, and HCoV-HKUI1, are included
in Table 3, but are inconclusive because of the low number
of positive samples obtained.
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Figure 2. Respiratory virus distribution in the four
gastrointestinal presentation groups. Subjects reporting GP
were categorized based on the following four symptoms:
Vomiting, Poor Appetite, Stomachache, and Diarrhea. For
each virus, the rate of detection in patients with each of
these symptoms is shown.

In general, the sample positivity rates in patients with GP
increased when seasons changed, and RSV, EV, infA, ADV,
HMPYV, and HBoV formed the bulk of the positive sam-
ples (see Figure 4). The small numbers of positive samples
available for the remaining nine viruses found in this study

22

prevented the determination of their seasonal patterns. RSV
and infA infection mainly occurred at the change from winter
to spring and summer to autumn. EV and HBoV occurred
mostly in summer, and HBoV was prevalent in winter. ADV
mainly occurred in summer and autumn. HMPV occurred at
the change from spring to summer and winter to spring (see
Figure 4).
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Figure 3. Respiratory virus distribution in the seven
different age groups of patients with gastrointestinal
presentations. Subjects reporting GP were categorized into
seven age-group categories: 0-3 m, 4-6 m, 7-12 m, 1-2'y, 3-5
y, 6-10y, and 11-14 y. For each virus, the rate of detection
in patients in each of these age groups is shown.

Note. m: months; y: year(s).
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Figure 4. Seasonal distribution of virus-positive samples in patients with gastrointestinal presentations. To access the

seasonal distribution of virus-positive samples, the month in w
in relation to the positive rates for each virus tested.

4. DISCUSSION

Respiratory and enteric viral infections cause significant
morbidity and mortality worldwide and represent a major
socioeconomic burden.'>! RSV, infA, infB, PIV1-3, and
ADV are the most important causative viruses for ARI, es-
pecially for lower respiratory tract illness.['®-'8! Rotavirus,
Norwalk virus, Human astroviruses, EV and enteric ADV
are important etiologic agents of acute gastroenteritis. Other
viruses, such as toroviruses, coronaviruses, picobirnaviruses,
Aichi virus, and HBoV, are increasingly being identified as
causative agents of diarrhea.l'®-2!! The respiratory tract and
gastrointestinal tract are closely related, and viral infection
often causes complex and diverse diseases, so it is often dif-
ficult to identify the virus from clinical manifestations alone.
Respiratory virus infection frequently causes not only ARI
but also gastrointestinal illness. However, only a few studies
have reported the association of respiratory virus infection
with gastrointestinal illness.!®'3! In this work, we analyzed
the relationship between infection with one or more 15 respi-
ratory viruses and GP in children with ARI in the hopes of
providing more useful information for clinical diagnosis and
a better understanding of respiratory virus infection.

In this work, 4,242 patients with ARI were studied, of which
28.2% had GP. 52.9% of patients with GP were positive for

Published by Sciedu Press

hich each positive sample of virus was collected was plotted

one or more of the 15 respiratory viruses studied. The results
indicated that GP was common in patients with ARI and res-
piratory virus infection might be important as a pathogenic

factor.

Table 1. Detection of respiratory viruses in children with
gastrointestinal presentations by real-time PCR

Patients Patients Total
Pathogens With GP * Without GP (n=4.242) p

(n=1,223) (n =3,019) '
Positive 2,178
samples 647 (52.9) 1,531 (50.7) (513) .196
Co-pathogens 127 (10.4) 296 (9.8) 423 (10) .568
infA 95 (7.8) 332 (11) 427 (10.1) .002
infB 36 (2.9) 119 (3.9) 155 (3.7) 117
RSV 258 (21.1) 510 (16.9) 768 (18.1) .001
HMPV 50 (4.1) 122 (4) 172 (4.1) .944
PIV1 24 (2) 44 (1.5) 68 (1.6) 236
PIV2 13 (1.1) 38(1.3) 51(1.2) .596
PIV3 34 (2.8) 106 (3.5) 140 (3.3) 227
PIV4 3(0.2) 8(0.3) 11 (0.3) .909
EV 124 (10.1) 189 (6.3) 313(7.4) <.001
HCoV-229E 9(0.7) 26 (0.9) 35(0.8) .683
HCoV-0C43 37 (3) 101 (3.3) 138 (3.3) 594
HCoV-NL63  8(0.7) 31(1) 39 (0.9) .249
HCoV-HKU1 2(0.2) 15 (0.5) 17 (0.4) 12
ADV 61 (5) 151 (5) 212 (5) .985
HBoV 43 (3.5) 81(2.7) 124 (2.9) 145

Note. No. (%) of each group except where specifically stated.
*GP: gastrointestinal presentation.
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In patients with GP, six of 15 viruses showed positivity rates
greater than 3.5%, demonstrated the wide diversity of respi-
ratory viruses contributing to GP (see Figure 1, Table 1). The
rank of virus positivity rates of patients with GP was differ-
ent from the total patients with ARI and patients without GP
(see Figure 1). The most frequently detected viruses were
RSV, EV, infA, ADV, HMPYV, and HBoV in patients with GP,
in contrast to the patients without GP, in which the positivity
rate of infA was higher than EV, and the rates of infB were
higher than HBoV and HCoV-OC43 (see Figure 1, Table 1).

RSV and HMPV belong to the family Paramyxoviridae
and are important pathogens of lower respiratory tract ill-
ness.?>23 Although there have been no prior reports about
the relationship between RSV or HMPV infections with GP,
RSV and HMPV were the first and fifth most frequently de-
tected viruses in patients with GP, and more RSV (p =.001)
infections were found in patients with GP than in patients
without GP. This study further characterizes a feature of RSV

and HMPV infections, and provides useful information for
the clinical diagnosis of these viruses.

It is known that EV is a pathogen in both the gastrointestinal
and respiratory tract.[!'=1324251 Ip this study, EV was the
second most frequently isolated virus in patients with GP,
and more EV (p < .001) infections were found in patients
with GP than in patients without GP. Fewer infA (p = .002)
infections in patients with GP than in patients without GP
might suggest that GP was not a key presentation in patients
with infA infection. ADV and HBoV were the only two DNA
viruses detected in this study, and they were the fourth and
sixth most frequently isolated viruses in patients with GP. En-
teric ADV (ADV type 40, 41) are important etiologic agents
of acute gastroenteritis.[?®! In this study, 5.0% of patients
with GP were found to be ADV-positive. Previous studies
have also reported that HBoV is associated with ARI and
gastrointestinal illness.['%-27)

Table 2. Distribution of respiratory viruses in 1,223 patients with gastrointestinal presentations

Pt Vomiting# Poor appetite Stomachache Diarrhea S
(n = 480) (n=734) (n=73) (n=301)
Positive samples 236 (49.2) 400 (54.5) 29 (39.7) 158 (52.5) 051
Co-pathogens 44 (9.2) 80 (10.9) 7 (9.6) 33(11) 769
infA 34(7.1) 49 (6.7) 9(12.3) 22 (7.3) 362
infB 20 (4.2) 20 (2.7) 4 (5.5) 6 (2) 197
RSV 83 (17.3) 168 (22.9) 3(4.1) 70 (23.3) <.001
HMPV 19 (4) 24 (3.3) 5(6.8) 16 (5.3) 274
PIV1 8(1.7) 17 (2.3) 1(1.4) 5(1.7) 807
PIV2" 6 (1.3) 8(1.1) 0(0) 2(0.7) -
PIV3 16 (3.3) 17 (2.3) 1(1.4) 17 (5.6) .037
PIV4" 1(0.2) 3(0.4) 0(0) 0 (0) -
EV 38(7.9) 94 (12.8) 4 (5.5) 20 (6.6) .002
HCoV-229E" 6 (1.3) 4 (0.5) 0 (0) 0 (0) -
HCoV-0C43" 16 (3.3) 22 (3) 0(0) 10 (3.3) -
HCoV-NL63" 1(0.2) 6 (0.8) 1(1.4) 4(1.3) -
HCoV-HKU1" 1(0.2) 1(0.1) 0(0) 0 (0) -
ADV 24 (5) 31(4.2) 7(9.6) 15 (5) 239
HBoV 19 (4) 28 (3.8) 2(2.7) 10 (3.3) .935

Note. No. (%) of each group except where specifically stated.
#*Sum to over 1223 because some patients had more than one diagnosis.
“Not done because of the small number of positive samples obtained.

In the 1,223 patients with GP, four groups were established
according to four typical symptoms of acute gastroenteritis:
“Poor appetite”, “Vomiting”, “Diarrhea” and “Stomachache”.
There were no significant differences in the overall virus
positivity rate or co-pathogen detection rate (p > .05) among
the four patient groups (see Table 2). However, statistical dif-

24

ferences were found in the positivity rates of RSV (p <.001),
EV (p =.002), and PIV3 (p = .037) among the four patient
groups (see Figure 2A, Table 2). The highest positivity rates
of RSV were obtained in patients with “Diarrhea” (23.3%)
and “Poor appetite” (22.9%), which were followed by “Vom-
iting” (17.3%) and “Stomachache” (4.1%). 12.8% of patients
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with “Poor appetite” were found to be EV-positive, and 5.6%
of patients with “Diarrhea” were positive for PIV3 (see Table
2, Figure 2A). High positivity rates were observed for infA,
infB, ADV, and HMPYV in patients with “Stomachache”, but
no significant differences were found among the four patient
groups (see Figure 2B). PIV3 and HBoV also failed to dis-
play any significant differences in positivity rates among the
four groups (see Figure 2C). The number of samples were
too small to analyze any differences in the six other viruses.

In this study, 90.6% patients with GP were under the age
of 5, which is similar to the patients with ARI and acute
gastroenteritis in previous reports.I”- %281 To study the age
distributions of the 15 respiratory viruses in patients with
GP, the patients were divided into seven age groups. A
statistical difference was found in the virus positivity rate
among age groups (p = .044). The high virus positivity rate

29

(> 54%) in the age groups of “4-6 months”, “7-12 months
and “1-2 years” (see Table 3) indicates that gastrointestinal
illness from respiratory viruses is an important issue in chil-
dren under 2 years old. In general, the prevalence of infA
and B increased with age (se Figure 3A). The prevalence
of RSV declined with age (p < .006). RSV was mostly
found in patients under 2 years old (see Figure 3A), similar
to findings from previous reports in patients with ARL[?°-3!]
Significant differences among age groups were also seen
for ADV, PIV3, and HBoV (p < .019), and the patterns
were different from each other (see Figure 3B). EV, PIV1,
HCoV-0C43, and HMPV positivity rates had no statistically
significant differences among age groups (see Table 3, Figure
3C). This finding was consistent with previous serologic and
epidemiologic reports of these pathogens in patients with
ARIL-16:32-351 Too few positive samples for the remaining
five viruses were found to analyze (see Table 3).

Table 3. Distribution of respiratory virus-positive patients in different age groups

0-3m* 4-6 m 7-12m 1-2 35 6-10 11-14
Pathogen (=175 (n=120) (n=176) (n =y413) (n =y224) (n= g1) (n= 231,)
Positive samples 88 (50.3)  70(58.3)  103(58.5) 226 (54.7) 113 (50.4) 35(385) 12 (50) 044
Co-pathogens 15 (8.6) 16 (13.3) 26 (14.8) 43 (10.4) 20 (8.9) 5 (5.5) 2(8.3) 214
infA 11 (6.3) 5(4.2) 14 (8) 26 (6.3) 26 (11.6)  7(7.7) 6 (25) 005
infB 1(0.6) 1(0.8) 3(17) 11 (2.7) 14 (6.3) 4 (4.4) 2(8.3) .006
RSV 62(35.4) 38(317) 50 (28.4) 83 (20.1) 19 (8.5) 6 (6.6) 0 (0) <.001
HMPV 2(1.1) 8(6.7) 4 (2.3) 23 (5.6) 11 (4.9) 1(1.1) 1(4.2) .059
PIV1 2(1.1) 4 (3.3) 4 (2.3) 9(2.2) 3(1.3) 1(1.1) 1(4.2) 759
PIV2" 4(2.3) 3(2.5) 1(0.6) 3(0.7) 2(0.9) 0 (0) 0 (0) -
PIV3 2(1.1) 7 (5.8) 10 (5.7) 11 (2.7) 2(0.9) 2(22) 0(0) 019
PIV4" 1(0.6) 0 (0) 0 (0) 1(0.2) 0(0) 1(1.1) 0 (0) -
EV 12 (6.9) 11 (9.2) 16 (9.1) 55 (13.3) 23(103) 5(5.5) 2(8.3) 161
HCoV-229E" 2(1.1) 1(0.8) 2(1.1) 3(0.7) 0(0) 1(1.1) 0(0) -
HCoV-0C43 2(1.1) 2(17) 7(4) 17 (4.1) 5(2.2) 2(2.2) 2(8.3) 232
HCoV-NL63" 2(1.1) 0 (0) 2(1.1) 2(0.5) 2(0.9) 0 (0) 0 (0) -
HCoV-HKU1" 0(0) 0(0) 1(0.6) 1(0.2) 0(0) 0(0) 0(0) -
ADV 3(17) 3(25) 6 (3.4) 17 (4.1) 22 (9.8) 10 (11) 0(0) <.001
HBoV 2(1.1) 4 (3.3) 14 (8) 17 (4.1) 5(2.2) 1(1.1) 0 (0) .009

Note. No. (%) of each group except where specifically stated.
“m: month(s); y: year(s).
“Not done because of the small number of positive samples obtained.

In general, the distribution of virus is closely related with
the geographical location and the local climate. This study
was conducted in Guangzhou, southern China, locating in a
subtropical region. RSV, EV, infA, ADV, HMPYV, and HBoV
were the predominant pathogens; thus these viruses formed
the main structure of our study (see Figure 4), and the sea-
sonal distribution patterns were similar to previous reports in
patients with ARL[!10.36]

Published by Sciedu Press

Many studies reporting the characteristics of respiratory virus
infections in patients with upper and lower respiratory tract
illness have improved our knowledge about these viruses.
While virus infections often cause a wide spectrum of symp-
toms, some viruses, like EV, have previously been identified
as the etiologic agents both in the respiratory tract and the
gastrointestinal tract.[!'=13-24.25] Ip this study, the distribution
of 15 respiratory viruses in children with ARI and GP were
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studied. The study expands the information on respiratory
virus infection and provides useful data for future research
and clinical diagnosis.

5. CONCLUSIONS

The respiratory tract and gastrointestinal tract are closely
related, and respiratory virus infections often cause both ARI
and gastrointestinal illness. In this study, 52.9% of patients
with GP were found to be positive for at least one of the
15 respiratory viruses we tested. An overview of the major
features for infections from 15 respiratory viruses in patients
with GP was analyzed in this study. We believe these results
will provide useful information for clinical diagnosis and
broaden the understanding of respiratory virus infection.
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