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Background: The human rhinovirus (HRV), when combined with other viruses, typically causes 
respiratory tract infections in children. However, there is a lack of adequate clinical studies on the causative 
agents and their symptoms in the case of mixed infections involving rhinovirus (RVs). The objective of this 
study was to determine the viral etiology of respiratory infections and the clinical characteristics of HRV 
infections in children.
Methods: This study included 438 patients, aged between 0 and 10 years with a respiratory tract infection 
diagnosis. A multiplex polymerase chain reaction was used to detect respiratory pathogens. The recorded 
clinical data of patients were extracted and subsequently analyzed. 
Results: The positive rate of virus infection was 256/438 (58.45%) and the most frequently identified 
pathogens were the HRV, adenovirus (ADV), and respiratory syncytial virus (RSV). Notably, HRV co-
infection with other pathogens accounted for 84.62% of co-infection cases. The highest co-infection rate 
was found for HRV with ADV (51.28%), followed by HRV with RSV (23.08%). Compared with HRV single 
infection, HRV and ADV co-infection was highly associated with the presence of a fever, and HRV co-
infection with RSV had a higher rate of cough and pneumonia.
Conclusions: The study identified HRV as a significant pathogen in childhood respiratory infections, 
often co-infecting with ADV and RSV, and associated with distinct clinical manifestations such as fever and 
respiratory complications. 
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Introduction

Respiratory tract infections are common. The Global 
Burden of Disease predicted that lower respiratory tract 
infections were the fifth leading cause of death around the 
world in 2015 (1). Approximately 2.5 million people die 
yearly from such infections worldwide, including children 
and those who are vulnerable due to compromised immunity 
(2-4). Between 2012 and 2021, out of 15,645 patients 
with acute respiratory infections (ARI), 1,180 (7.5%) were 
diagnosed with respiratory viral (RV) infections, and 820 
(69.5%) of these cases were in children under 5 years old (5).  

While rapid diagnostic tests are available for several 
important pathogens implicated in acute respiratory illness, 
and respiratory pathogen panels are routinely used in some 
settings, the identification of pathogens remains challenging 
in resource-limited environments where diagnostics are 
not readily available (6,7). In such settings, the complexity 
of clinical manifestations and the presence of multiple 
potential pathogens can hinder the rapid and accurate 
identification of the causative agents. A previous study has 
shown that in some local clinics, there may be a tendency 
to treat patients according to their relevant experience, 
resulting in indiscriminate antibiotic use and increased 
drug resistance (8). At present, there is a growing focus in 
clinics on respiratory infections related to influenza virus, 

respiratory syncytial virus (RSV), and adenovirus (ADV)-
related respiratory infections (9-12), as well as other 
important pathogens such as SARS-CoV-2, common cold 
coronaviruses (ccCoV), human metapneumovirus (HMPV), 
and parainfluenza viruses (PIV). These pathogens, along 
with human rhinovirus (HRV) (13,14), play a significant 
role in acute respiratory illnesses, particularly in vulnerable 
populations such as young children and the elderly. 

HRVs are the leading cause of colds and asthma 
exacerbation, otitis media, angina, and acute bronchiolitis, 
which are common acute infections of the respiratory tract 
in infants and young children (15). Research indicated 
that HRV was detected in the respiratory tract of 80–85% 
of children with acute asthma (16). Significantly, studies 
have shown that a combined infection of HRV and 
other respiratory viruses, such as RSV, can exacerbate 
a patient’s condition. For example, co-infection with 
HRV and RSV has been associated with increased 
severity of acute bronchiolitis (17). Additionally, HRV 
has been linked to a higher risk of childhood asthma 
exacerbations, with HRV-C strains being particularly 
associated with more severe attacks than other HRV 
serotypes and other respiratory viruses (18). To gain a 
more comprehensive understanding of HRV infection, the 
present study measured the positive rate of HRV in the 
respiratory tract of children and compared the difference in 
symptoms between HRV single infection and co-infection 
with other viruses. The results may support promoting 
the diagnosis and treatment of respiratory tract infections 
caused by HRV. We present this article in accordance with 
the STROBE reporting checklist (available at https://
tp.amegroups.com/article/view/10.21037/tp-24-79/rc).

Methods

Data

This prospective study involving 438 inpatients was 
conducted at The First Affiliated Hospital of USTC, Division 
of Life Sciences and Medicine, University of Science and 
Technology of China (Hefei Infectious Disease Hospital), 
China, from February to April 2021. Information related to 
patient demographics, symptoms, physical examinations, and 
laboratory results was collected. The study was conducted 
in accordance with the Declaration of Helsinki (as revised in 
2013). The study was approved by Ethics Committee of The 
First Affiliated Hospital of USTC, Division of Life Sciences 
and Medicine, University of Science and Technology of 
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China (No. 2024-RE-283). Informed consent was obtained 
from the guardians of the patients.

The inclusion criteria were as follows: (I) children aged 
≤10 years, regardless of gender; (II) consecutive cases of 
acute upper respiratory tract infection in children; (III) 
blood routine or C-reactive protein (CRP) examination 
results suggesting a viral infection; (IV) the diagnostic 
criteria for respiratory tract infection were met as per Zhu 
Futang Practical Pediatrics (2011, 7th ed.). The exclusion 
criteria for this study were as follows: (I) patients who had 
had pneumonia in the preceding three months; (II) patients 
with blood routine examination results that suggested a 
bacterial infection, such as increased neutrophil count 
and elevated white blood cell count, and those with CRP 
levels significantly elevated to a degree typically associated 
with bacterial infections rather than viral infections; (III) 
patients with a history of premature birth, asthma, severe 
cardiovascular problems, and liver, kidney, or other diseases; 
(IV) children with impaired airway clearance ability due to 
neuromuscular or neurological conditions. 

Participants must exhibit symptoms such as fever, cough, 
and wheezing, with viral pneumonia often presenting with 
wheezing. Chest pain may be reported by older children, 
while hemoptysis is rare. Infants less than 2 months of 
age may not have fever but may show signs like frothy 
sputum, apnea (cessation of breathing), or choking cough. 
Additionally, participants should have a history of persistent 
fever with cough for more than 3 to 5 days. Physical 
examination should reveal signs such as an increased 
respiratory rate (RR) and moist rales, which are indicative 
of pneumonia, particularly in infants and young children. 
Mycoplasma pneumonia (MP) often presents without rales. 
The RR should be increased based on the following age-
specific criteria when observed calmly for 1 minute: 
less than 2 months of age with ≥60 breaths per minute;  
2 months to 1 year with ≥50 breaths per minute; 1 to 
5 years with ≥40 breaths per minute; and over 5 years 
with ≥30 breaths per minute. As the disease progresses, 
participants may develop rapid and shallow breathing, chest 
wall indrawing during inhalation, nasal flaring, the three-
muscle sign (triple sign), moaning, and cyanosis. Behavioral 
changes such as irritability, lethargy, somnolence, and 
refusal to eat may also be present.

Sample collection 

The specimens for the detection of pathogens were 
collected using nasopharyngeal swabs. After inserting the 

swab into and clearing the nasal cavity, the swab was rotated 
several times, removed, and then immersed in a tube 
containing a 3-mL virus preservation solution (an isotonic 
salt solution, tissue culture solution, or a phosphate buffer). 
The samples were stored at 4 ℃ for use within 48 h or 
below −70 ℃ if kept for more than three months.

Polymerase chain reaction (PCR) detection

Viral nucleic acid detection of common respiratory viruses 
was conducted using a multiplex PCR product provided by 
Sansure Biotech Inc. (Changsha, China). The pathogens 
included HRV, RSV, ADV, influenza viruses A and B, 
respectively, and MP. 

Multiplex PCR 

Multiplex PCR offers significant advantages in pathogen 
detection, especially when identifying multiple pathogens. 
By simultaneously detecting multiple pathogens or 
pathogen genes, multiplex PCR greatly enhances detection 
efficiency and shortens the turnaround time. This method 
is particularly useful for cases with mixed or multiple 
infections, or when the etiology is unclear, providing 
more comprehensive and rapid diagnostic information for 
clinicians. Additionally, multiplex PCR is easy to perform, 
relatively cost-effective, and suitable for large-scale 
screening and routine clinical applications (19).

Statistical analysis

The data were processed using the SPSS Statistics 26.0 
software program. The means of normally distributed 
continuous variables were compared by one-way analysis of 
variance and t-tests. Non-normally distributed continuous 
data were compared using a Mann-Whitney U test, 
Kruskal-Wallis test or Chi-squared test, and P<0.05 was 
considered statistically significant.

Results

The viral etiology of respiratory infections 

As shown in Table 1, a total of 438 specimens were collected. 
There were 256 positive specimens, accounting for 58.45% 
of the total specimens, and 182 negative specimens without 
pathogens. The highest positive rate was recorded for HRV 
(30.36%), followed by RSV (11.39%), and ADV (7.29%). 
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There were only two cases with positive MP results, and no 
flu virus infection cases were detected. Notably, there were 
39 co-infection cases, accounting for 8.90% of the total 
specimens; HRV and ADV co-infection, RSV, and MP were 
4.57%, 2.05%, and 0.91%, respectively, which accounted 
for 84.62% of the co-infection cases.

Demographic characteristics

Considering the sample size in the three groups, single 

HRV infection, HRV and ADV, and HRV and RSV co-
infections were analyzed in this study. The demographic-
based results are shown in Figures 1,2. There were  
101 males (62.3%) and 61 females (37.7%) among the  
162 positive HRV cases. The proportion of males and 
females among the patients with a single HRV infection 
was 63.9% and 36.1%, respectively. In HRV and ADV co-
infection, the proportion of males and females was 60% and 
40%, respectively. The results indicated that the proportion 
of males was statistically significant (P<0.05) for HRV single 
infection but not in co-infections. 

In the age distribution comparison, there were  
100 patients in the 0–24-month age group, 39 patients 
in the 25–48-month age group, and 23 patients in the 
older than 48-month age group. The proportion of HRV 
infection related infants aged 0–24-month was higher than 
in the other age groups. Notably, patients with HRV and 
RSV co-infection were all in the 0–24-month age group. 
However, in cases with HRV and ADV co-infection, the 
distribution ages were uniform (P=0.07).

Laboratory examination results

The blood routine test results were further analyzed. As 
shown in Table 2, the mean number of white blood cells for 
HRV, HRV and ADV, and HRV and RSV were 11.26×109/L,  
11.11×109/L, and 9.32×109/L, respectively. The median 
values of white blood cell-lymphocyte percentage in 
the three infectious conditions were 35.00%, 25.30%, 
and 41.40%, and the median values of white blood cell-
granulocyte percentage were 53.70%, 63.55%, and 48.20%, 
respectively. Statistical analysis indicated a significant 

Table 1 Distribution of pathogens in upper respiratory tract (n=438)

Pathogen Positive number Positive rate (%)

Single infection

HRV 133 30.37

RSV 50 11.42

ADV 32 7.31

MP 2 0.46

Flu A/B 0 0

Co-infection

HRV ADV 20 4.57

HRV RSV 9 2.05

RSV ADV 5 1.14

HRV MP 4 0.91

ADV RSV 1 0.23

ADV, adenovirus; Flu A/B, influenza A and B; HRV, human 
rhinovirus; MP, Mycoplasma pneumoniae; RSV, respiratory 
syncytial virus.
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difference in the number of leukocytes, W-SCR and 
W-LCR results. The P value were 0.01, 0.049 and 0.047 
respectively. In the CRP test, the median values of HRV, 
HRV and ADV, and HRV and RSV were 10.00, 13.48, and 
1.29 mg/L, respectively. There was no significant difference 
in CRP between the three infection types, based on the 
statistical results (P=0.57).

Symptoms and diagnosis

The HRV infection-related symptoms were compared, 
including fever, cough, rhinorrhea, and shortness of breath 
(see Table 3). The percentage of cases including fever in 
the HRV, HRV and ADV, and HRV and RSV groups 
were 67.7%, 100%, and 44.4%, respectively. The HRV 
and ADV group had significantly higher (P=0.003) fever 
values compared with the two other groups. However, the 
HRV and RSV groups reflected a 100% result for cough 

symptoms, which differed significantly from the other 
groups (P=0.04). In contrast, the distribution of rhinorrhea 
and shortness of breath symptoms in the three groups was 
uniform, with no observable significant difference.

The incidence analysis revealed that the rate of 
pneumonia was 64.7%, 50%, and 100% in the HRV, HRV 
and ADV, and HRV and RSV groups, respectively. The total 
infection rate of pneumonia in the HRV and RSV groups 
was 100.0%. As shown in Figures 3-5, the time period 
that fever, coughing, and hospital stay lasted were further 
compared between the three groups. The average cough 
duration in the three groups was 3.05, 1.82, and 3.75 days, 
and the length of hospital stay was 5.86, 6.35, and 7.11 days, 
respectively, which was not statistically significant (P=0.33). 
However, the fever time in the three groups was 5.27, 
10.16, and 7.66 days, respectively, which was statistically 
significant (P=0.004). The time of fever and cough in the 
HRV and ADV group reflected large individual differences.

Table 2 Laboratory examination characteristics of HRV single infection/co-infection patients (n=162)

Laboratory examination HRV infection (n=133) HRV & ADV coinfection (n=20) HRV & RSV coinfection (n=9) P value

WBC, ×109/L 11.26 (5.39) 11.11 (9.00) 9.32 (5.45) 0.01

Lymphocyte, % 35.00 (23.55–52.50) 25.30 (17.85–38.62) 41.40 (29.95–55.60) 0.049

Granulocyte, % 53.70 (36.00–68.65) 63.55 (51.90–74.93) 48.20 (29.85–61.30) 0.047

Peak of CRP, mg/L 10.00 (1.51–35.82) 13.48 (8.40–46.58) 1.29 (0.45–22.84) 0.57

Data are presented as mean (SD) or median (IQR). ADV, adenovirus; CRP, C-reactive protein; HRV, human rhinovirus; IQR, interquartile 
range; RSV, respiratory syncytial virus; SD, standard deviation; WBC, white blood cell count.

Table 3 Symptoms and diagnostic characteristics of HRV single infection/coinfection patients (n=162)

Category HRV infection (n=133) HRV & ADV coinfection (n=20) HRV & RSV coinfection (n=9) P value

Symptoms

Fever 90 (67.7) 20 (100.0) 4 (44.4) 0.003

Cough 105 (78.9) 12 (60.0) 9 (100.0) 0.04

Rhinorrhea 42 (31.6) 4 (20.0) 5 (55.6) 0.17

Shortness of breath 36 (27.1) 4 (20.0) 3 (33.3) 0.72

Diagnosis

Rhinitis 20 (15.0) 6 (30.0) 0 (0.0) 0.09

Bronchitis 1 (0.8) 0 (0.0) 0 (0.0) 0.90

Pneumonia 86 (64.7) 10 (50.0) 9 (100.0) 0.03

Myocardial damage 14 (10.5) 4 (20.0) 0 (0.0) 0.25

Data are presented as n (%). ADV, adenovirus; HRV, human rhinovirus; RSV, respiratory syncytial virus.
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Discussion

HRV though extensively studied, remains enigmatic in 
pediatric populations, particularly in coinfections and 
their impact across different seasons, warranting further 
investigation into its clinical nuances. Very few studies have 
been conducted on RVs, and clinicians sometimes neglect the 
dangers of HRV infections in China. This study calculated 
the positive rate and explored the clinical characteristics of 
HRV infection. Overall, 438 samples containing respiratory 
pathogens were analyzed, and the positivity rate was 58.45%. 
The most common virus was HRV (30.36%), followed 
by RSV (11.39%) and ADV (7.29%). There were 39 co-
infection cases, accounting for 8.90% of the total specimens. 
An HRV and ADV co-infection or RSV accounted for 
74.36% of the co-infection cases. 

“Co-infection” refers to the situation where two or more 
pathogens are infecting the same host at the same time. 
Co-infection may be related to prolonged periods of viral 
persistence in the mucosa of the respiratory tract. The 
effects of gender and age on the results of HRV infection 
were explored in this study; the results showed that more 
males than females had been affected in the HRV single-
infection condition; these results were the same as in other 
studies (20,21). In addition, younger patients, particularly 
those who were <2 years, reflected higher positive cases. 
Significantly, HRV and ADV co-infection cases were all 
found in patients under 2 years old, indicating that infants 
and toddlers were more susceptible to HRV compared with 
older children. Pediatric patients have an incompletely 
established immune system and are immunocompromised, 
so they are susceptible to infection by pathogens (22).

In blood routine analysis, leukocyte, neutrophil, and 
lymphocyte levels were significant when comparing a single 
RV infection with co-infection (P<0.05). The number of 
leukocytes in a single condition was higher than in mixed 
infection cases. However, comparatively, HRV and RSV 
co-infection showed the highest neutrophil level, and 
HRV and ADV co-infection had the highest lymphocyte 
level. Although some studies showed that the neutrophil 
percentage in viral co-infection was higher than that in a 
single infection (23,24), the level of leukocytes in children is 
significantly different from that in adults. Lymphocyte and 
neutrophil levels change according to the age of children. 
Neutrophils increase gradually after the age of 2 years, 
and the 4–6 years old children have a similar lymphocyte 
and neutrophil levels. After the age of 6 years, neutrophils 
continue to increase and lymphocytes decrease (25,26). 
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Therefore, using blood routine or CRP diagnosis results can 
be challenging in terms of establishing whether a single or 
co-infection is involved in children, as well as the infection 
severity. From the complete blood counts (CBC) and CRP 
data, we observed signs that may suggest an active immune 
response, such as changes in white blood cell counts, which 
led us to speculate that there may be alterations in T cell 
function and other potential immunological effects. However, 
it is important to note that CBCs and CRP data alone are 
not sufficient to comprehensively and accurately assess T cell 
function and other immunological effects; these speculations 
require further immunological testing for validation. 
The preliminary findings of our study suggest that future 
research could consider incorporating more comprehensive 
immunological tests, such as flow cytometry for T cell subset 
analysis, to delve deeper into these potential immunological 
mechanisms.

Symptom analysis revealed significant differences 
between fever and cough characteristics in the three groups 
(P<0.05). Compared with HRV single infection (78.9%), 
the incidence of the cough symptoms in group co-infected 
with HRV and RSV (100%) was substantially higher. This is 
consistent with the higher incidence rate of cough in cases 
of RSV (27). The reason for this is that the epithelial cells 
in the trachea, bronchioles, and alveoli are the main target 
cells of an RSV infection (28), which causes the shedding 
of airway cilia and epithelial cells. These neutrophils, 
cell debris, and lymphocytes accumulate in the airway, 
resulting in airway obstruction. Concurrently, the excessive 
secretion of mucus and airway edema will aggravate airway 
obstruction (29). In the group of patients co-infected 
with HRV and ADV, fever was observed in all patients 
(100%), which aligns with the common presentation of 
high fever above 39 °C at the onset of RSV infection (30). 
Fever symptoms are related to the release of inflammatory 
mediators and autoimmune dysfunction. Studies have 
shown that interleukin (IL)-4, IL-6, and tumor necrosis 
factor increased in children with severe ADV pneumonia. 
The inhibition of T-cell functioning may directly result 
from ADV or non-specific inhibition caused by an impaired 
immune function in severe cases of infection (31). It is noted 
that the infection rate of HRV with RSV pneumonia was 
much higher than in the other groups, which indicated that 
HRV and RSV may aggravate respiratory tract infections. 

There are some limitations to this research. First, the 
sample size is relatively small, and only several common 
viruses were tested among the recruited patients; as such, co-

infection with bacteria requires further investigation. Second, 
children were examined at a single location, thereby limiting 
the validity of virus-specific clinical correlations in different 
contexts. Third, similar studies should be conducted to 
include long-term follow-up time frames to collect additional 
information. Lastly, the children were enrolled from 
February to April. Therefore, it cannot effectively represent 
the situation of the whole year or the situation of each 
season. To enhance the reproducibility and interpretability of 
our study, we need to further optimize our research design. 
For instance, we will consider expanding the sample size and 
conducting multicenter studies.

Although our study focused on symptomatic patients, 
it is important to note that asymptomatic patients can 
also play a significant role in the transmission and clinical 
presentation of respiratory infections. For example, a study 
has shown that asymptomatic patients can have similar viral 
loads to symptomatic patients but may clear the virus more 
quickly and have more normal clinical indicators (32). This 
suggests that asymptomatic patients may contribute to the 
spread of infection but may have different clinical outcomes 
compared to symptomatic patients. Future studies should 
consider including asymptomatic patients to provide a more 
comprehensive understanding of the epidemiology and 
clinical impact of respiratory infections.

Conclusions 

The statistics of HRV causing respiratory tract infections, 
based on age, gender, laboratory examination, symptoms, 
and the process of recovery, are anticipated to contribute 
to the diagnosis of clinical respiratory tract infection. 
Combining the optimization of pathogen detection 
technology and multiplex PCR may be able to reduce the 
misdiagnosis of infectious diseases, promote appropriate 
drug treatment, and provide adequate evidence for clinical 
decision-making in the future.
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