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Background: Human metapneumovirus (hMPV) and respiratory syncytial virus (RSV) share some epidemiological and clinical 
characteristics; however, few studies have examined the mechanisms by which these viruses induce airway inflammation. 
Objective: This study was undertaken to compare cytokine profiles in hMPV and RSV patients to investigate possible differences in 
inflammatory pathways. 
Methods: Nasopharyngeal aspirate specimens were collected from 1,008 pediatric patients hospitalized for acute lower respiratory 
tract infection with wheezing and 20 normal healthy controls. Patients were tested for 7 common respiratory viruses then divided into 
hMPV (n = 35) and RSV groups (n = 67). T helper (Th) 1 (interferon [IFN]-γ), Th2 (interleukin [IL]-4, eotaxin) and Th17 (IL-1β, IL-6) cytokine 
profiles were analyzed in the 3 groups. 
Results: IFN-γ and IL-2 levels were significantly increased in the hMPV and RSV groups compared to the control group (p < 0.0001 and p 
< 0.0001, respectively). IL-4 levels were significantly higher in the RSV group compared to the hMPV and control groups (p = 0.0003 and 
p < 0.0001, respectively). Eotaxin levels showed a tendency to be higher in the RSV group compared to the hMPV group (p = 0.0580), 
and significantly higher compared to the control group (p < 0.0001). IL-1β levels were significantly higher in the hMPV compared to the 
RSV group (p < 0.0001), and IL-6 levels were significantly higher in the hMPV group compared to the control group (p < 0.0001).
Conclusion: Our results suggest that hMPV and RSV have different inflammatory mechanisms. hMPV induces airway inflammation by 
the Th17 pathway through release of IL-1β and IL-6, whereas RSV acts through the Th2 pathway.
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INTRODUCTION
Human metapneumovirus (hMPV) is a recently discovered 

Paramyxoviridae, which causes infection in the upper or lower 
airway and induces respiratory symptoms such as coughing and 
wheezing [1, 2]. Respiratory syncytial virus (RSV) induces acute 
wheezing and is well known as a representative and causative virus 
of bronchiolitis. It may also lead to asthma thereafter [3, 4]. 

Clinical and epidemiological similarities have been noted [5]. 
They both cause bronchiolitis and reactive airway disease, and 
exacerbate bronchial asthma resulting in wheezing. However, there 
are differences between the 2 viruses. Those infected with hMPV 
are older than those infected with RSV. In addition, the incidence of 
RSV infection is highest in winter, whereas hMPV is prevalent mainly 
in spring. In addition, blood eosinophil levels were higher in the RSV 
group compared to the hMPV group [5]. 

Airway inflammatory reactions caused by viral infection may 
have a different mechanism depending on the causative virus, 
and studies on such mechanisms and associations related to the 
progression of asthma are in progress. Regarding the association 
with asthma, there have been many studies performed on RSV to 
date, but in the case of hMPV, which was first discovered in 2001, 
few studies have examined the mechanisms by which this virus 
induces airway inflammation in spite of its epidemiological and 
clinical importance [6].

This study aimed to compare nasal cytokine profiles in hMPV and 
RSV patients to investigate their inflammatory pathways. 

MATERIALS AND METHODS

Subjects
Nasopharyngeal aspirate specimens was collected from 1,008 

pediatric patients hospitalized with acute respiratory tract infection 
with wheezing at Inje University Sanggye Paik Hospital from 
December 2003 to April 2008 and tested for 7 common respiratory 
viruses. Conditions classified as wheezing illness were bronchiolitis, 
reactive airways disease (RAD), and bronchial asthma [7]. Acute 
bronchiolitis was defined as a first occurrence of expiratory 
wheezing with or without tachypnea, air trapping, and substernal 
retraction in children <2 years of age. RAD was defined as recurrent 
wheezing <3 times, and bronchial asthma was defined as recurrent 
wheezing ≥3 times in any child. 

The control group included 20 pediatric patients in the same 
age range who did not have any respiratory symptoms at the time 

of the study and had no past history of allergic diseases at the 
time of visiting hospital for their pediatric health examination and 
vaccination. 

Collection of nasopharyngeal aspirates was conducted 
immediately after hospitalization. A disposable catheter was 
inserted into the nose to aspirate the nasal fluid, and 2 mL of 
saline solution was injected into the tube for collection. Collected 
specimens were centrifuged and suspended matter in the 
supernatant layer was retrieved and stored at -70℃ until analysis. 

The study was approved by Inje University Sanggye Paik 
Hospital’s Institutional Review Board (approval number: IJ 06-34) 
and written permission was obtained from all patient’s parents/
caregivers.

Tests for virus detection 
Seven common types of respiratory viruses (adenovirus, RSV, 

influenza A, influenza B, and parainfluenza 1–3) were detected 
through the immunofluorescent-antibody test (IFA) (DAKO, 
Cambridgeshire, UK) from nasopharyngeal aspirate specimens 
collected between December 2003 and December 2006. From 
January 2007 to study completion, 7 kinds of respiratory viruses 
(adenovirus, RSV, influenza A, influenza B, parainfluenza 1–3) were 
detected through reverse transcriptase-polymerase chain reaction 
(RT-PCR) (Seegene Inc., Seoul, Korea). hMPV was detected separately 
through the multiplex RT-PCR.

Cytokine measurement
Cytokines interferon (IFN)-γ, interleukin (IL)-1β, IL-4, IL-6, IL-13 and 

chemokine eotaxin were measured by amplifying to a 20-fold 
concentration using a commercial enzyme-linked immunosorbent 
assay (Endogen, Woburn, MA, USA), with a minimum detection limit 
of 2 pg/mL. All analyses were conducted twice for quality purposes. 

Statistical analysis
Sex differences between the 3 groups were compared using a 

chi-square test. Cytokine levels in nasal fluid were expressed per 
milliliter. Because most of the data were not normally distributed, 
differences between the 3 subject groups were screened with 
the nonparametric Kruskal-Wallis test. When this test indicated 
a significant difference, the difference between the 2 groups 
was tested for with the Mann-Whitney U-test. Correlations were 
analyzed by the nonparametric Spearman correlation test. All 
normally distributed data were expressed as mean ± standard 
deviation, while nonnormally distributed data were expressed 
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as median. All analyses were performed using SAS Deployment 
Wizard ver. 9.3 (SAS Institute Inc., Cary, NC, USA), and a p value of less 
than 0.05 was considered significant.  

RESULTS

Patient characteristics 

Out of the 1,008 pediatric patients who underwent viral testing, 
35 subjects were hMPV positive (hMPV group) and 67 were RSV 
positive (RSV group). Twenty normal healthy controls (control group) 
were used for comparison. Of these virus-positive cases, 46.2% of 
HMPV-infected and 16.9% of RSV-infected patients were classified 
as asthma exacerbation (data not shown). There were no significant 
differences in age and gender among the 3 groups, and there were 

also no significant differences in white blood cell counts or blood 
eosinophil fraction ratio between the hMPV and RSV groups (Table 1). 

Cytokine comparisons 
The representative T helper (Th) 1 cytokine, IFN-γ, was 

significantly higher in both the hMPV (mean ± standard deviation; 
11.9 ± 23.3 pg/mL) and RSV group (12.6 ± 15.8 pg/mL) compared 
to the control group (0.3 ± 0.7 pg/mL) (p < 0.0001 and p < 0.0001, 
respectively), but there were no significant differences between the 
2 groups (p = 0.0874) (Fig. 1A). IL-2 was significantly higher in both 
the hMPV (87.9 ± 114.3 pg/mL) and RSV group (14.0 ± 16.6 pg/mL) 
compared to the control group (3.3 ± 8.2 pg/mL) (p < 0.0001 and 
p < 0.0001, respectively), and IL-2 levels were higher in the hMPV 
group compared to the RSV group (p < 0.0001) (Fig. 1B).  

The representative Th2 cytokine, IL-4, was measured under the 

Table 1. Demographic features of the study population 

Variable hMPV (n = 35) RSV (n = 67) Control (n = 20) p value
Age (mo) 18.2 ± 22.2 12.1 ± 11.7 20.3 ± 30.4 0.110

Sex, male:female 20:15 42:25 10:10 0.684

Blood WBC (/μL) 9,973.7 ± 3,755.4 8,998.4 ± 2,789.8 - 0.275

Blood eosinophil (%) 1.7 ± 2.1 1.9 ±1.7 - 0.418

Values are presented as mean ± standard deviation or number.
hMPV, human metapneumovirus; RSV, respiratory syncytial virus; WBC, white blood cell.
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Fig. 1. Comparison of T helper 1 cytokine interferon (IFN)-γ (A) and interleukin (IL)-2 (B) in nasal secretions of patients infected with either human 
metapneumovirus (hMPV) (n = 35) or respiratory syncytial virus (RSV) (n = 67), and normal controls (n = 20).
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reference value in many cases (the value under the reference value 
was defined as the sensitivity value), but analysis showed it was 
significantly higher in the RSV group (1.5 ± 2.4 pg/mL) compared 
to the hMPV (0.7±0.7 pg/mL) and control group (0.0 ± 0.0 pg/mL) 
(p = 0.0003 and p < 0.0001, respectively) (Fig. 2A). Th2 eosinophilic 
chemokine, eotaxin, levels also tended to be higher in the RSV 
group (14.7 ± 18.7 pg/mL) compared to the hMPV group (18.5 ± 
25.2 pg/mL) (p = 0.0580), and both groups had significantly higher 
levels than the control group (0.5 ± 1.1 pg/mL) (p < 0.0001 and p < 
0.0001, respectively) (Fig. 2B). 

Meanwhile, levels of the Th17 cytokine, IL-1β, were significantly 
higher in the hMPV group (745.0 ± 558.3 pg/mL) compared to the 
RSV (184.8 ± 145.1 pg/mL) and control group (36.8 ± 80.6 pg/mL) 
(p < 0.0001 and p < 0.0001, respectively) (Fig 3A). IL-6 levels were 
significantly higher in hMPV (844.9 ± 1797.6 pg/mL) and RSV groups 
(567.6 ± 772.3 pg/mL) compared to the control group (6.8 ± 11.9 pg/
mL) (p < 0.0001 and p < 0.0001, respectively) (Fig. 3B) 

DISCUSSION 
We investigated mechanisms of airway inflammation due to 

respiratory virus infections by comparing nasal cytokine profiles. 
Each mechanism with respect to Th1, Th2, and Th17 cytokines in 
patients infected with RSV and hMPV were studied. New findings 
included: Th1 mechanism involvement in both the RSV and hMPV 

groups resuled in higher levels when compared to the control 
group. In addition, more dominant Th2 mechanisms were shown in 
the RSV infection group through increases of IL-4 and eotaxin levels, 
while more dominant Th17 mechanisms of airway inflammation 
were demonstrated in the hMPV infection group through increases 
of IL-1β and IL-6. 

The primitive T cell dif ferentiates into Th1, Th2, Th17, and 
regulatory T cells according to the body’s needs and for each 
mechanism inflammatory markers, such as IFN-γ, IL-4, IL-5, IL-17, 
and IL-10, act as important mediating cytokines. In addition to the 
Th2 mechanism, which is well known in allergic diseases including 
bronchial asthma, the Th17 mechanism has also been found to play 
an important role in asthma as it increases the bronchial sensitivity. 
In particular, it was reported that Th17 is involved in neutrophil-
mediated asthma that presents as severe irreversible airway 
obstruction [8-11]. According to a recent study, when eosinophils 
are activated via the Th17 pathway, expression of IL-1β increases 
and ultimately IL-17 releases freely from CD4+ T cells increasing in 
level, as well [12]. Therefore, the Th17-based airway inflammation 
mechanism in patients infected by hMPV in this study may be an 
important outcome that could explain the potential of progression 
to post-HMPV infection asthma in addition to results from previous 
studies.  

IL-1β, along with IL-18, is also involved in inflammasomes, protein 
complexes of the innate immune response that can be activated 
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Fig. 2. Comparison of T helper 2 cytokine interleukin (IL)-4 (A) and chemokine eotaxin (B) in nasal secretions of patients infected with either human 
metapneumovirus (hMPV) (n = 35) or respiratory syncytial virus (RSV) (n = 67), and normal controls (n = 20).
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by viral infection [13]. Upregulation of associated genes in hMPV-
infected children were recently found in a study by Malmo et al. 
[14], with greater upregulation demonstrated in children with 
more severe disease. It is important to note that the patients in our 
study all experienced infection severe enough to be hospitalized, 
just as in Malmo’s study. Laham et al. [15] presented in their study 
on human nasal lavage fluid from patients with upper and lower 
airway infections that all cytokines, not only IL-1β and IL-6, are 
important in the Th17 pathway. Not only were these cytokine levels 
higher in the RSV group than in the hMPV group, but also IL-8, IL-10, 
IL-12, and TNF-α. However, our study involved inpatients with severe 
lower airway infections, and IL-1β and IL-6 levels were higher in the 
hMPV group, unlike in study of Laham et al. [15]. hMPV infection in 
mice has been shown to induce increased levels of IL-6 compared 
to those infected with RSV [16]. A study by Guerrero-Plata et al. [17] 
found human dendritic cells exposed to hMPV and RSV produced 
increased levels of IL-6 and IL-1B. This also implies that the airway 
inflammatory reaction to the virus depends on severity and the 
Th17 mechanism may play an important role in it. 

In a laboratory study in rats conducted by Guerrero-Plata et al. [17, 
18], proinflammatory cytokines IL-1α, IL-1β, IL-6, and TNF-α; regulatory 
cytokine IL-10; and chemokines CCL-3 macrophage inflammatory 
protein-1alpha and CCL-5 RANTES (regulated on activation, normal 
T cell expressed and secreted) were higher in the bronchoalveolar 
lavage fluid of rats infected by RSV than in those infected by hMPV. 

This finding implies that inflammatory mechanisms in animal 
models are different from the human subjects in our study. 

Among recent hypotheses that describe the onset and 
aggravation of asthma, studies on the association of the Th17 
mechanism have been reported. Neutrophils and IL-17 have been 
found in lung tissue in patients with severe asthma or steroid-
resistant asthma and their involvement in bronchial fibrosis has 
also been reported [19-21]. Memory CD4+ T cells produce both 
IL-4 and IL-17A and as the inflammation occurs repeatedly, it can 
be converted from the Th2 to the Th17 pathway [22]. Eosinophils 
increase the production of IL-17 in CD4+ T cells and also increase 
the expression of IL-17 mRNA by freeing IL-1β [12]. Thus, as this study 
shows, IL-1β increases IL-17 and activates the Th17 mechanism, 
demonstrating the possibility that IL-1β can cause progression to 
bronchial asthma in the hMPV group. The above findings show that 
it is clearly distinguishable from the Th2 mechanism that creates 
asthma progression through increase of IL-4 and eotaxin in the RSV 
group. 

It has been demonstrated many times that the incidence of Th2 
type immunodeviation results from the onset of asthma, and the 
results of our study were similar to those of previous studies [23]. 
In a previous study by our research group, analysis of inflammatory 
cells in bronchoalveolar lavage fluid found elevated neutrophil 
levels in RSV-induced bronchiolitis patients. However, in patients 
with an allergy, eosinophil levels also rose [24]. When patients were 
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Fig. 3. Comparison of T helper 17 cytokine interleukin (IL)-1β (A) and IL-6 (B) in nasal secretions of patients infected with either human 
metapneumovirus (hMPV) (n = 35) or respiratory syncytial virus (RSV) (n = 67), and normal controls (n = 20).
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divided into eosinophil positive and eosinophil negative subgroups, 
only Th2 cytokine IL-5 levels were elevated. Thus, it was reported 
that during RSV infection, Th2 cytokines acted strongly in some 
patients, which led to eosinophilic inflammation [25,26]. Since this 
study was conducted only in severely ill and hospitalized patients, 
there was a high likelihood that allergy contributed to disease 
severity. Therefore, it cannot be ruled out that the eosinophil 
positive subgroup of the severe RSV infection group might have 
driven the entire study’s results (i.e., the increase in eotaxin). 

As for study limitations, nasopharyngeal aspirate specimens were 
easy to collect but were likely an insufficient reflection of lower 
airway inflammation. Pringle et al. [27] compared the culture broths 
of upper and lower airway cells collected from patients infected 
by hMPV or RSV and reported contradictory results (e.g., varying 
levels of IFN), suggesting that inflammatory reactions of the upper 
and lower airways may not be the same. However, McDougall et al. 
[28] reported that inflammatory mediators of nasal epithelial and 
bronchial epithelial cells were released at nearly the same extent. 
The number of enrolled subjects was relatively small, so further 
study with a much larger sample population is needed in the 
future. The final limitation of our study was the use of 2 different 
virus detection methods (i.e., IFA and RT-PCR). However, we feel 
that the gap in accuracy between them is minor and should not 
significantly affect the results.

Our study demonstrates that despite having similar epidemio- 
logical and clinical characteristics, RSV and hMPV infections result 
in different inflammatory mechanisms: RSV acts through the Th2 
pathway, whereas hMPV acts through the Th17 pathway by releasing 
IL-1β and IL-6. 
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