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Background: It is unknown why human metapneumovi-
rus (HMPV) and respiratory syncytial virus (RSV) cause severe 
respiratory infection in children, particularly in premature 
infants. Our aim was to investigate if there are defective airway 
antiviral responses to these viruses in young children with his-
tory of prematurity.
Methods: Nasal airway secretions were collected from 140 
children ≤3 y old without detectable virus (n = 80) or with PCR-
confirmed HMPV or RSV infection (n = 60). Nasal protein levels 
of IFNγ, CCL5/RANTES, IL-10, IL-4, and IL-17 were determined 
using a multiplex magnetic bead immunoassay.
results: Full-term children with HMPV and RSV infection had 
increased levels of nasal airway IFNγ, CCL5, and IL-10 along with 
an elevation in Th1 (IFNγ)/Th2 (IL-4) ratios, which is expected 
during antiviral responses. In contrast, HMPV-infected prema-
ture children (< 32 wk gestation) did not exhibit increased Th1/
Th2 ratios or elevated nasal airway secretion of IFNγ, CCL5, and 
IL-10 relative to uninfected controls.
conclusion: Our study is the first to demonstrate that pre-
mature infants have defective IFNγ, CCL5/RANTES, and IL-10 
airway responses during HMPV infection and provides novel 
insights about the potential reason why HMPV causes severe 
respiratory disease in children with history of prematurity.

Viruses are the primary cause of respiratory illness in humans. 
During infancy and early childhood, two RNA viruses from 

the Paramyxoviridae family, respiratory syncytial virus (RSV), 
and human metapneumovirus (HMPV), are responsible for a 
large number of cases of lower respiratory tract infections (1–5). 
These RNA viruses are not only phylogenetically related (1), but 
also share similar clinical respiratory signs and symptoms includ-
ing cough, wheezing, rales, hypoxemia, and respiratory distress 
in high-risk groups (6–10). Interestingly, both viruses tend to 

cause more severe disease in young individuals with history of 
prematurity (gestational age <32 wk) (2–5). Indeed, RSV is asso-
ciated with severe respiratory infections in premature babies, and 
prophylaxis with a humanized monoclonal antibody against the 
fusion (F) protein of RSV (Palimizumab) is recommended for 
them during their first RSV seasons (11). There are also reports 
describing severe HMPV infections in young children born 
extremely premature (5). Importantly, the nature of the human 
antiviral airway immune responses to RSV and HMPV infec-
tions in premature children has been remarkably understudied.

Previous studies have established that RSV and HMPV elicit 
antiviral immune responses consisting of virally-induced pro-
duction of IFNγ, CCL5//RANTES, and IL-10 (12). Interestingly, 
despite the clinical and genetic similarities between these respi-
ratory viruses, HMPV infections are characterized by attenuated 
IFN-γ, IL-10, and CCL5/RANTES responses relative to RSV (12). 
Although the mechanism by which HMPV alters IFN-mediated 
responses is not completely understood, there is in vitro evidence 
demonstrating that HMPV alters IFN-mediated activation of 
interferon-stimulated response elements, interferon-stimulated 
genes and STAT 1 downstream signaling (13,14). It is however 
unclear if this HMPV-induced defective antiviral immunity is 
present during naturally occurring infections in humans, par-
ticularly in young children with history of prematurity in which 
HMPV is known to cause more severe disease. Accordingly, the 
overall goal of this study was to investigate if infants and young 
children (<3 y of age) born premature (<32 wk gestation) exhibit 
impaired airway secretion of IFNγ, CCL5//RANTES, and IL-10 
during naturally occurring HMPV infections.

RESULTS
Baseline Characteristics
One hundred and fourty children were included in this study. 
The total study population was subdivided by viral-specific 
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PCR analysis into control without detectable virus (n = 80) and 
cases of RSV (n = 30) or HMPV infection (n = 30). Comparison 
of baseline demographic characteristics among groups with 
regards to gender, age, or ethnicity revealed no significant dif-
ferences. The vast majority of children included in the study 
were inpatient in all the study groups (Table 1).

Airway Antiviral IFNγ Responses in Infants During RSV and 
HMPV Infection
Analysis of nasal IFNγ protein levels showed that young 
children born full term with RSV or HMPV infection had 
higher mean nasal IFNγ responses compared to controls 
without an identifiable virus (RSV: 0.80 ± 0.15 pg/ml vs. con-
trol: 0.29 ± 0.09 pg/ml; P < 0.05; HMPV: 0.88 ± 0.13 pg/ml vs. 
control: 0.29 ± 0.09 pg/ml; P < 0.05; Figure 1). Interestingly, 
subjects with history of prematurity (GA < 32 wk) and RSV 
infection had higher mean nasal levels of IFNγ than prema-
ture children (RSV: 0.75 ± 0.12 pg/ml vs. control: 0.32 ± 0.07 
pg/ml; P < 0.05; Figure 1a), however, children born prema-
ture with HMPV infection did not exhibit significant differ-
ences in the IFNγ nasal levels compared to controls (HMPV: 
0.11 ± 0.29 pg/ml vs. control: 0.32 ± 0.07 pg/ml; P = 0.29; 
Figure 1b). Collectively, these results suggest that there is a 
defective antiviral IFNγ airway response in premature chil-
dren with HMPV.

Premature Infants Have Deficient CCL5/RANTES and IL-10 
Airway Responses During HMPV Infection
Airway secretion of CCL5/RANTES and IL-10 has been identi-
fied in vitro and in vivo during infection with paramixoviruses 
(8,12,15,16). Accordingly, to further investigate the antiviral 
responses to RSV and HMPV, we measured nasal protein lev-
els of CCL5/RANTES and IL-10 in full-term and premature 
children. As shown in Figure 1, relative to controls, full-term 
subjects with RSV had higher nasal protein levels of CCL5/
RANTES (RSV: 1.72 ± 0.18 pg/ml vs. control: 0.54 ± 0.12 pg/ml; 
P < 0.05; Figure 1a) and IL-10 (RSV: 1.2 ± 0.14 pg/ml vs. con-
trol: 0.4 ± 0.13 pg/ml; P < 0.05; Figure 1a). Full-term children 
with HMPV infection also exhibited increased nasal protein 
levels of CCL5/RANTES (HMPV: 1.76 ± 0.12 vs. 0.54 ± 0.06 
pg/ml; P < 0.05; Figure 1b) and IL-10 (HMPV: 1.13 ± 0.16 vs. 
0.4 ± 0.13 pg/ml; P < 0.05; Figure 3b) compared to controls.

Interestingly, although premature children with RSV infec-
tion also had higher protein levels of CCL5/RANTES (RSV: 
1.61 ± 0.19 vs. 0.7 ± 1.2 pg/ml; P < 0.05; Figure 1a) and IL-10 
(RSV: 0.89 ± 0.19 vs. 0.18 ± 0.05 pg/ml; P < 0.05), premature 
subjects with HPMV infection did not have significant dif-
ferences in the nasal airway protein levels of CCL5/RANTES 
and IL-10 compared to controls (CCL5/RANTES: HMPV 
0.68 ± 0.13 pg/ml vs. control 0.7 ± 0.12 pg/ml; P = 0.9; IL-10: 
HMPV 0.19 ± 0.24 pg/ml vs. control 0.18 ± 0.05 pg/ml; P = 0.9; 
Figure 1b).

Th2/Th17 Cytokine Profile in Infants With Naturally Occurring 
HMPV Infection
We next investigated the natural Th2 and Th17 immune response 
to RSV and HMPV infections in full-term and premature indi-
viduals by measuring nasal protein levels of IL-4 and IL-17 in 
the same study groups. As shown in Figure 2, there were no 
significant differences in the protein levels of IL-4 and IL-17 
among the full-term and premature groups with nondetectable 
virus (control), RSV infection (Figure 2a) or HMPV infection 
(Figure 2b). When we examined relative antiviral Th1 (IFNγ) 

table 1. Baseline characteristics for subjects

Group Control
Respiratory 
syncytial virus

Human 
metapneumovirus

P 
value

N 80 30 30

Premature 
(<32 wk), n (%)

40 (50) 7 (23) 9 (30) NS

Male, n (%) 49 (62) 19 (63) 15 (50) NS

Age (y), mean (SD) 1.3 (0.8) 1.5 (1.1) 1.9 (1.2) NS

Black, n (%) 48 (40) 13 (43) 14 (45) NS

Hospitalized, n (%) 76 (95) 29 (97) 29 (97) NS

Figure 1. Nasal airway IFNγ, IL-10, and CCL5/RANTES protein levels in full-term and premature children with respiratory syncytial virus (RSV) or human 
metapneumovirus (HMPV). (a) IFNγ, IL-10, and CCL5/RANTES during RSV infection (black bars) in full-term (n = 23) and premature children (n = 7) vs. unin-
fected controls (gray bars) born full-term (n = 40) or premature (n = 40). (b) IFNγ, IL-10, and CCL5/RANTES during HMPV infection (black bars) in full-term 
(n = 21) and premature children (n = 9) vs. uninfected controls (gray bars) born full-term (n = 40) or premature (n = 40). Data are presented as mean and 
95% confidence interval; P values presented as *< 0.05; †not significant.
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vs. allergic Th2 (IL-4) responses (Figure 3), we identified that 
full-term subjects elicited an expected predominance of antivi-
ral Th1 response during RSV or HMPV infections according to 
significant increased IFNγ/IL-4 ratios (RSV: 5.7, 95% CI 2.87–
8.5 vs. control: 0.71 95% CI 0.63–0.78; P < 0.05; HMPV: 4.11, 
95% CI 1.5–6.7 vs. control: 0.71 95% CI 0.63–0.78; P < 0.05).

Premature children overall exhibited a less prominent increase 
in IFNγ/IL4 ratios during RSV or HMPV infection. Specifically, 
premature children with RSV infection had increase in IFNγ/
IL4 ratio but it did not reach statistical significance (RSV: 2.95, 
95% CI 0.37–5.54 vs. control: 0.81 95% CI 0.65–0.97; P = 0.06; 
Figure 3a). Moreover, the IFNγ/IL4 ratio in premature children 
infected with HMPV was essentially unchanged relative to con-
trols (HMPV: 1.18, 95% CI 0.05–2.3 vs. control: 0.81 95% CI 
0.65–0.97; P = 0.23; Figure 3b). Collectively, these data suggest 
that premature children have less preponderance of antiviral 
Th1 response during naturally occurring RSV or HMPV infec-
tions compared to full-term children.

DISCUSSION
We studied a prospective cohort of young children aged less 
than or equal to 3 y to determine the association between 

prematurity and nasal antiviral airway cytokine responses to 
HMPV or RSV. To the best of our knowledge, our study is 
the first to demonstrate that premature infants have defective 
IFNγ, CCL5/RANTES, and IL-10 airway responses during 
HMPV infection and provides novel insights about the poten-
tial reason why HMPV causes severe respiratory disease in 
premature children.

Prematurity has been linked to an increased risk of severe 
viral respiratory infections during the first years of life (2–5). 
Diminished lung function may predispose prematurely born 
infants to severe viral respiratory illnesses (17). Moreover, 
antibody-mediated immunity, which depends maternal trans-
fer of specific IgG across the placenta, seems to be immature 
in premature babies (18). In addition, T helper (Th) cytokine 
responses in early life are largely driven toward a Th2 pheno-
type leading to lower production of Th1 antiviral cytokines 
such as IFNγ (19–21). This deficient cytokine production in 
neonates may explain the susceptibility of this age group to 
certain pathogens. For instance, preterm infants have deficient 
cytokine responses to group B streptococcus, an important 
cause of sepsis in newborns (22). Complementing these find-
ings, our study indicates that prematurity is also associated 

Figure 2. Nasal airway Th2/Th17 cytokines in full-term and premature children with respiratory syncytial virus (RSV) or human metapneumovirus 
(HMPV). (a) Th2 (IL-4) and Th17 (IL-17) cytokine levels in children during RSV infection (black bars) in full-term (n = 23) and premature children (n = 7) vs. 
uninfected controls (gray bars) born full-term (n = 40) or premature (n = 40). (b) IL-4 and IL-17 during HMPV infection (black bars) in full-term (n = 21) and 
premature children (n = 9) vs. uninfected controls (gray bars) born full-term (n = 40) or premature (n = 40). Data are presented as mean and 95% confi-
dence interval; P values presented as † not significant.
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Figure 3. Nasal airway IFN γ/Th2 cytokine ratio in full-term and premature children with respiratory syncytial virus (RSV) or human metapneumovi-
rus (HMPV). (a) IFN γ and Th2 (IL-4) cytokine ratios in children during RSV infection (black bars) in full-term (n = 23) and premature children (n = 7) vs. 
uninfected controls (white bars) born full-term (n = 40) or premature (n = 40). (b) IFN γ and Th2 (IL-4) cytokine ratios during HMPV infection (black bars) in 
full-term (n = 21) and premature children (n = 9) vs. uninfected controls (white bars) born full-term (n = 40) or premature (n = 40). Data are presented as 
mean and 95% confidence interval; P values presented as *< 0.05; † not significant.
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with abnormal airway cytokine responses during paramixovi-
rus infections (RSV and HMV) according to IFNγ/IL-4 ratios 
(indicative of Th1 antiviral vs. Th2 atopic responses), which 
were lower in premature children infected with RSV and 
essentially unchanged during HMPV infection.

HMPV is a virus phylogenetically related to RSV that causes 
severe respiratory disease in premature infants (5). Interestingly, 
HMPV induces an airway immune response distinct from 
that of RSV (12,23–25). In fact, the ability of HMPV—but 
not RSV—to ameliorate the nasal airway secretion of CCL5/
RANTES was originally reported in 2002 by Jartti et al. (8), in 
one of the first articles describing HMPV infections as a cause 
of wheezing in children. This initial finding suggested the pres-
ence of IFN-mediated defects during HMPV infection since 
CCL5/RANTES expression is regulated via IFN regulatory fac-
tor 1 (IRF-1) (26). Recent reports have confirmed that HMPV 
elicits weak IFN-mediated antiviral responses and consequent 
lower production of CCL5/RANTES and IL-10 in human 
peripheral blood mononuclear cells relative to RSV (12). The 
latter results coincide with the reduced HMPV-induction of 
CCL5/RANTES and IL-10 seen in murine models (22,23). In 
agreement with these studies, we have now demonstrated that 
premature children infected with HMPV exhibit significantly 
lower levels of nasal airway IFNγ, CCL5/RANTES, and IL-10 
compared to RSV-infected premature children (Figure 1a) or 
full-term individuals with HMPV infection (Figure 1b). These 
new data indicate that HMPV is capable of attenuating IFNγ, 
CCL5/RANTES, and IL-10 responses in vivo and, to the best of 
our knowledge, is the first study to link prematurity to the pre-
viously reported defective antiviral immunity observed during 
HMPV infection (12–14).

The exact reason why HMPV elicits markedly weaker IFNγ 
(and IL-10, CCL5) responses than RSV is still an area of 
active research, but there are several postulated mechanisms 
of defective IFN-driven antiviral immunity during HMPV 
infection. For instance, the structural encoding proteins of 
HMPV—glycoprotein G and M2-2—seem to play a critical 
role in modulating antiviral IFN production during HMPV 
infections (26–28) as demonstrated by the observation that a 
mutated HMPV virus lacking glycoprotein G and M2 protein 
induces significantly higher amounts of IFN and antiviral cyto-
kines/chemokines than wild-type HMPV (27). HMPV also 
appears to interfere with the activation of the IFN signaling 
cascade at different points, including Jak1, Tyk2, and IFNAR1 
membrane expression (29), all of which may lead to down-
stream inhibition of STAT1 and STAT2 (13,29). Although our 
study supports the concept that HMPV infection is associated 
with abnormal IFNγ secretion, future translational studies are 
needed to investigate whether the postulated HMPV-induced 
mechanisms of defective antiviral IFN-driven airway responses 
are relevant to natural HMPV infection in humans, particu-
larly in the pediatric population.

Only few studies have investigated antiviral airway immune 
responses during naturally occurring HMPV and RSV infec-
tions in children. The most important limitation of pediatric 
studies has been the access to lung samples in this age group. To 

overcome this limitation, we used nasal samples, an approach 
used as surrogate in the evaluation of airway cytokine responses 
in children during naturally occurring viral respiratory infec-
tions (16,25,30). Indeed, a pioneering study conducted by the 
INFANT foundation used this strategy to delineate the airway 
cytokine profile during natural viral infections in a prospective 
cohort of infants (25). Similar to our current results, this study 
identified that subjects with HMPV had lower IFN-γ/IL-4 ratios 
than did those infected with RSV or influenza virus (25), how-
ever, this study did not specifically investigate these responses 
in premature children. Using the same nasal washing approach, 
we recently identified that rhinovirus (RV) infection in early life 
is associated with increased nasal airway levels of the classical 
Th2 cytokine IL-4 (31). In our current study, we did not observe 
significant differences in the nasal airway secretion of IL-4 or 
the Th17 cytokine IL-17 in children with naturally occurring 
RSV or HMPV infection (Figure 2). These data highlight the 
prevailing notion that airway cytokine profiles are influenced 
by host- and viral-specific factors (32). For instance, pediat-
ric hosts with wheeze and/or atopy have a differential antivi-
ral cytokine profile influenced by the infecting virus (32). Our 
study suggests that in the case of the premature host infected 
with HMPV, the predominant immune profile is an attenuated 
airway secretion of IFNγ, CCL5/RANTES, and IL-10, which 
might underlie the severity of HMPV in this group of children.

Limitations of the present study include the lack of informa-
tion on clinical data (i.e., severity scores, outcomes) and viral 
load, which we recognize would be important to establish 
the clinical relevance of the different cytokine profiles among 
premature and full-term groups. In addition, given the cross-
sectional design of our study we do not have comparisons of 
baseline vs. viral induces cytokines, thus the results from this 
study could also be interpreted as premature infant responses 
being consistent with previous reports in the literature and 
the full-term infant responses as being abnormally exuber-
ant. Accordingly, longitudinal studies that correlate baseline 
and viral-induced cytokines levels with disease relevant mark-
ers (hospitalization rates, severity scores) are still required to 
confirm our findings and to establish the clinical significance 
of the results presented. Future studies should also investigate 
if children born late preterm (32 to <37 wk gestation) exhibit 
impaired airway antiviral IFNγ responses to RSV and or HMPV. 
This is an important issue because of changing RSV prophylaxis 
recommendations for the older preterm infants (11).

Conclusion
In summary, in this cross sectional study, premature infants 
exhibited defective IFNγ, CCL5/RANTES, and IL-10 airway 
responses during HMPV infection. These new data support 
the previously described HMPV-induced defective IFN anti-
viral immunity in human-based cellular and animal models 
(12–14), as well as in the nasal airway secretions of infants 
with naturally occurring viral infections (27), and provide new 
insights about the potential underlying reason why HMPV 
causes severe respiratory disease in young individuals with 
history of prematurity.
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METHODS
Study Population
This is a prospective cohort (n = 140) in which we determined the 
association between prematurity and nasal airway cytokine responses 
to HMPV or RSV. Our study population were children aged less than 
or equal to 3 y who underwent nasal lavage for diagnostic purposes 
(respiratory virus detection by PCR) either in the outpatient/inpa-
tient setting or during emergency department visits in our pediatric 
medical center (February 2013 to March 2014). For the purpose of the 
study “prematurity” was defined a priori by a gestational age of less 
than 32 wk to include extremely preterm and very preterm subjects 
based on WHO definition of prematurity (33,34). We did not include 
children born late preterm (32 to <37 wk gestation) as we wanted to 
focus initially in the group of very premature children that is at the 
highest risk of developing severe respiratory illnesses during RSV and 
HMPV infections (2–5). “Full term” was defined by a gestational age 
of more than or equal to 37 wk. HMPV and RSV infections were con-
firmed by PCR analysis used for clinical purposes in our institution. 
Subjects with other viruses or mixed viral infections were excluded. 
“Controls” were defined as age-matched full-term and premature sub-
jects with a negative viral PCR. Clinical and demographic variables 
included gestational age in weeks, age, gender, and ethnicity and were 
obtained by reviewing electronic medical records in our institution. 
We excluded subjects with insufficient/inadequate nasal sample for 
cytokine profiling and those with incomplete medical records. This 
study was approved by the Institutional Review Board of Children’s 
National Medical Center, Washington D.C. Waiver of consent was 
obtained by the Institutional Review Board, as the study was carried 
out with samples already collected for clinical purposes (respiratory 
viral diagnosis).

Nasal Washing Collection, Viral PCR Analysis, and Cytokine 
Measurements
Nasal airway secretions were collected at the onset of acute respira-
tory illnesses by a standard nasal lavage technique consisting of gently 
washing the nasal cavity with 3–4 ml sterile normal saline. Secretions 
were aliquoted and stored at −80 °C until further analysis. Nasal sam-
ples were analyzed by a viral multiplex PCR panel for 10 targets (rhi-
novirus, RSV, HMPV, parainfluenza 1–3, influenza A and B, H1N1, 
H1N3, Adenovirus) used for clinical purposes (Luminex, Austin, TX) 
according to the microbiology laboratory protocol of our institution. 
Nasal washings were analyzed for protein levels of IFNγ, CCLX5/
RANTES, IL-10, IL-4, and IL-17 using a commercially available mul-
tiplex magnetic bead immunoassay (Millipore, Billerica, MA) accord-
ing to the manufacturers’ instructions using provided standards and 
quality controls.
Statistical Analysis
Data were analyzed using Minitab 16 software package for Windows 
(Minitab, State College, PA). All data are reported as mean ± SE, 95% 
confidence intervals or as fold changes relative to control values. 
Log10 transformation of cytokines values was done to normalize the 
distribution of IFN-γ, IL-10, and CCL-5/RANTES. Data within each 
group (prematurity and control) and between prematurity and con-
trol groups were analyzed with two sample t-test or nonparametric 
Mann–Whitney U-test when applicable. A probability of <0.05 was 
considered statistically significant.
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