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Abstract

Introduction: Human metapneumovirus (hMPV) with tropism for the respiratory tract epithelium, causes 5–10% 
of all acute respiratory tract infections (ARI). Patients may be asymptomatic, or exhibit mild upper respiratory 
tract symptoms or severe bronchiolitis and pneumonia. Determinative diagnostic markers for infection are not well 
elucidated. This study on nasal immune responses to hMPV aims to understand the mucosal immune responses to 
hMPV and its implication in disease resolution and pathology.
Materials and Methods: A Hospital cross-sectional study design with 196 participants was adopted. Two nasal swabs 
for viral screening and quantification by RT-PCR and the second for quantification of the cytokines were obtained. 
Analysis was done using STATA version 13. The test for association between categorical variables was done using 
Pearson’s Chi Square test while the test for association between categorical and continuous variables was done using 
ANOVA test.
Results: hMPV prevalence was 4% with mean hMPV cycle threshold value of 28.34. The entire sample of participants 
positive for hMPV had median cytokine levels: IL-2, 57.11 (IQR: 34.49–70–49), IL-4, 30.49 (IQR: 8.07–60.84), 
IL-8, 396.61 (IQR: 81.91–530.71), IL-10, 26.98 (IQR: 7.55–42.65), and IL-12-p70, 44.93 (IQR: 23.59–70.38). 
There was a positive association between cytokines; IL-10 and IL-12p70 p=0.0005, IL-2 and IL-10 p=0.007, IL-2 and 
IL-12p70 p=0.015
Conclusions: hMPV is not an important ARI etiological factor in infants, its infection induces cytokines with a Th2 
bias.
Keywords: Human Metaapneumovirus (hMPV), ARI, nasal immune responses, interleukins, determinative, diagnostic

Öz

Giriş: Solunum epitelinde tropizme neden olan Human metapneumovirus (hMPV), tüm akut solunum yolu 
enfeksiyonlarının (ARI) %5–10’una neden olur. Hastalar asemptomatik olabilir ve bazı hastalarda hafif üst solunum 
yolu semptomlarına, ciddi bronşiyolit veya zatürreye neden olabilir. Bununla birlikte, enfeksiyon için tanısal belirteçler 
hala tam olarak açıklanamamıştır. Bu çalışma, HMPV’nin nazal immün yanıtlar, mukozal immün yanıtlar, patoloji ve 
hastalıkların iyileşmesi üzerindeki etkisini göstermeyi amaçlamaktadır.
Gereç ve Yöntemler: Çalışma için 196 kişiden nasal sürüntü örnekleri alındı. Hastaların her birinden nazofarengeal 
sürüntü çubuğu kullanılarak viral tarama yapılması ve RT-PCR ile miktar tayini için bir ve sitokin tayini için de 
bir tane olmak üzere toplamda iki örnek alındı. İstatistiksel analizler için STATA 13 yazılımı kullanıldı. Kategorik 
değişkenler arasındaki ilişkilendirme testi Pearson’ın Chi Square testi kullanılarak, kategorik ve sürekli değişkenler 
arasındaki ilişkilendirme testi ANOVA testi ile yapıldı.
Bulgular: hMPV prevalansı 28,34 ortalama hMPV BT ile %4 idi. HMPV için pozitif olan hastaların tümünün 
ortalama sitokin düzeyleri vardı: IL-2, 57,11 (IQR: 34,49–70–49), IL-4, 30,49 (IQR: 8,07–60,84), IL-8, 396,61 
(IQR: 81,91)-530,71), IL-10, 26,98 (IQR: 7,55–42,65) ve IL-12-p70, 44,93 (IQR: 23,59–70,38). Sitokinler arasında 
pozitif bir ilişki gözlendi; IL-10 ve IL-12p70 p=0,0005, IL-2 ve IL-10 p=0,007, IL-2 ve IL-12p70 p=0,015
Sonuç: HMPV, bebeklerde önemli bir akut solunum yolu enfeksiyonuna yol açan etiyolojik faktör değildir. Bu 
çalışmada, HMPV’nin en fazla Th2 hücreleri uyardığı ve Th2 sitokinlerinin salınmasını gösterilmiştir.
Anahtar Kelimeler: hMPV, ARI, nazal immün yanıt, interlökinler, belirleyici, tanısal
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Introduction

Acute respiratory tract infections (ARI) are important causes of morbidity and mortality 
in children globally. The World Health Organization (WHO) estimates acute respiratory 
infections (ARI) cause nearly one million deaths annually, signifying a fifth of all deaths. 
In resource scarce countries higher have been recorded, with pneumonia accounting for 
an estimated 11% of all deaths among children aged below 5 years[1] viral aetiology has 
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been associated with a substantial proportion of ARI. Viral 
infections can exacerbate chronic or recurring respiratory 
conditions, such as asthma, thus posing an additional 
burden.[2] The role of human metapneumovirus (hMPV) 
is well established. The viral aetiology of ARI, is associated 
with a self-limiting upper respiratory tract infection, mild 
pneumonia or severe pneumonia.[3]

Human metapneumovirus, discovered almost two decades 
ago by Van den Hoogen in 2001, is an enveloped, negative-
stranded RNA virus of approximately 13KB and a member 
of the pneumovirinae subfamily of the paramyxoviruses.
[4] Studies suggest that hMPV is responsible for 5–10% 
of ARIs in neonates and children.[5,6] Based on literature 
from Kenya, the prevalence of hMPV is placed at 5.7% in 
refugee populations[7,8] reports a prevalence of 5–15% in 
selected urban and rural populations.

hMPV infections have been reported mainly 
vulnerable groups such as children, the elderly and 
immunocompromised adults[9,10] HMPV is tropic for 
the respiratory tract epithelium, with infected individuals 
exhibiting no symptoms, or symptoms ranging from mild 
upper respiratory tract symptoms to severe bronchiolitis 
and pneumonia in the lower respiratory tract.[9,11] During 
hMPV infection; mild upper respiratory illness occurring 
as Influenza-like Illness (ILI) or severe disease described as 
Severe Acute respiratory illness (SARI).

Pulmonary inflammation is critical in viral control in 
the airways. Studies indicate that inflammatory cells 
such as neutrophils and natural killer cells that have been 
implicated in infection resolution and immunopathology 
in active infection.[12] T cell profiles; CD4+ T cells and CD8+ 
T cells, have been reported to play an antiviral role with 
the two subsets acting synergistically in hMPV clearance 
from the lung.[13,14] These T lymphocytes serve to clear 
active infection, protect against future infection and they 
are also reported to contribute to clinical disease and lung 
pathology, although the pathophysiology phenomenon 
is yet to be fully elucidated[14], yet the potential role of 
CD4+ (IL-4 producing) and not CD8+ T cells in disease 
aggravation has been suggested by Darnoit et al.[15]

Phagocytic cells such as neutrophils are recruited into the 
airways; however, an exacerbated inflammatory response 
may result in severe lung disease, due to immunopathology.
[16] A Finish study demonstrated increased levels of IL-8. 
IL-8 is a neutrophil chemoattractant[17] in mucus secretions 
of children infected by the virus. It is therefore important 

to investigate if this phenomenon will be replicated in the 
Kenyan population.

Studies have not fully explored the role innate and 
adaptive immune responses to hMPV infection. Thus, 
it is important to determine the nasal immune response 
and inflammatory makers that may correlate with 
disease severity, with the aim of distinguishing the role 
of inflammation in hMPV infection. Immune profiles 
correlated with disease severity will identify the role of 
immune cells in viral clearance as well as in the infection 
induced immunopathology.

Materials and Methods

The study was done at the Moi Teaching and Referral 
Hospital (MTRH) paediatric outpatient and inpatient 
units. The second site was Huruma Sub-County Hospital 
in Eldoret. The laboratory assays were carried out in 
CDC/KEMRI Nairobi and AMPATH-Eldoret labs.

A hospital cross-sectional study design was adopted. 
Samples were only collected once at the time of the study. 
This study design was useful in assessing prevalence, and 
196 participants were recruited. Background information 
was obtained by questionnaire. Scoring of each patient was 
done according to clinical symptoms, age and number of 
days with symptoms. Children meeting inclusion criteria 
and whose parents consented were included into the study. 
The participants who tested positive for the virus, specific 
nasal cytokine profiles were quantified and described.

Each study participant was sampled for 2 Nasal (NP) 
swabs, by use of nasal (Nylon tipped flocked) swab 
manufactured by COPAN Italia. The swab was inserted 
into the middle meatus of the nostril and turned carefully 
three times, then withdrawn. The two NP swab were 
inserted immediately in viral transport medium (2 mL). 
Storage done at-800C prior to virus detection by RT-PCR 
and cytokines quantification.

PCR
PCR was carried out with the aim of quantifying viral 
amounts in the swab along with assessment of swab 
integrity. Viral nucleic acid was extracted from the nasal 
swab specimen. QIA amp RNA extraction kit was used 
following the manufacturer’s instruction manual. The 
extracted RNA was processed by PCR to detect presence of 
the virus. hMPV was confirmed by RT-PCR using primers 



Leitich and Mogaka.  n  Immune Responses to Human Metapneumoviru 127

targeted to the conserved region of hMPV nucleocapsid 
protein. The primers and probes were provided by CDC 
Atlanta and KEMRI CDC Nairobi. Ag-Path _ID One 
Step RT-PCR KIT manufactured by Life Technologies 
was used for PCR. The Real Time PCR cycling conditions 
for hMPV included Reverse Transcription at 45°C for 
10 min, followed by denaturation at 95°C for 10 min, 
Enzyme activation at 95°C for 0.15 minutes (Cycles), 
Annealing at 55°C for 1 min, extension at 72°C for 1 min 
and finally, data collection. The same cycling conditions 
were used for human RNase P gene (RNP) PCR. Cycle 
threshold (Ct) represented the number of cycles need for 
amplification to occur.

Cytokine Quantification

Cytokines instead of specific immune cells will be 
quantified as cytokines are known immunomodulators. 
Cytokines were quantified using Enzyme linked 
Immunosorbent Assay (ELISA). IL-2, IL-4, IL-8 and IL-
12p70 were quantified using Biolegend ELISA Kits thus 
adopting a sandwich ELISA with Pre-coated with a capture 
antibody. The manufacture’s’ manual was followed. The 
absorbance was measured at 450 nm and standard curves 
prepared. IL-10 was also quantified by sandwich ELISA 
whereby the plates were coated with capture antibody 
and incubated overnight then cytokine was quantified 
following the Manufacturers’ manual. Absorbance was 
measured at 450 nm and a standard curve was prepared.

Statistical Analysis

Data analysis was done using Stata version 13 special 
edition. Categorical variables were summarized as 
frequencies and the corresponding percentages. 
Continuous variables were summarized as mean and the 
corresponding standard deviation (SD) if it assumes the 
Gaussian distribution. If the continuous variable violated 
the Gaussian assumptions, then it was summarized 
as median and the corresponding inter-quartile range 
(IQR). The assumptions for normality were assessed using 
Shapiro-Wilks test. Age was categorized as <6 months, 
6–12, months, 12–18 months, and >18 months. The test 
for association between categorical variables was done 
using Pearson’s Chi Square test while the test for association 
between categorical and normally distributed continuous 
variables was done using one-way analysis of variance 
(ANOVA). The relationship between the continuous 
variables was assessed using Spearman rank correlation 
coefficient since both or one of the variables violated the 

Gaussian assumptions. We reported the results and the 
associated p-values, and 95% confidence limits.

Results

This is a report of data collected from October of 2013 
to January of 2014, 196 participants whose data were 
included for analysis. The median age was 11 (IQR: 6–17) 
months with a minimum of 1 month and a maximum 
of 24 months. Sixty-seven children (34%) were aged less 
than six months. Relatively, the proportions in all the 
groups were similar. There were more males (n=104;53%) 
than females (Table 1) (p=0.785). Male represented 104 
(53%), of the study population.

Table 1. Sex distribution within each age group

Sex

Age Female (n=92) Male (n=104) Total (n=196)

 <6 Months 28 (31%) 37 (36%) 65 (34%)

6–12 Months 21 (23%) 26 (25%) 47 (24%)

12–18 Months 25 (27%) 24 (23%) 49 (25%)

 >18 Months 18 (19%) 17 (16%) 35 (18%)

Total 92 (100%) 104 (100%) 196 (100%)

p=0.785

PCR Findings

There were eight participants positive for hMPV and 
whose Ct levels were determined. The average hMPV Ct 
was 28.37 and average age for these patients was 13.38 
months. Gender was equally distributed among these 
participants. The prevalence of hMPV infection was 4%.

All the participants who had hMPV Ct determined had 
a cough symptom while 25% weight loss and 37.5% of 
patients were lethargic. Fifty% of the patients presented 
with diarrheal symptoms. The average duration of the 
symptoms was 2.9±1.6 days and the average temperature 
was 38.04±0.120C.

Samples were assayed for RNase P (human housekeeping 
gene) and any sample with RNase P-Cycle Threshold 
(RNP) Ct<40 was rejected. The average RNP Ct was 
24.03±2.68 with a minimum of 18.25 and a maximum 
of 34.08.

ELISA Findings

hMPV Ct was (p=0.007 and p=0.015 respectively) 
correlated with the fever in patients (r=0.3696, p=0.184) 
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Table 2. Association of cytokine levels and clinical symptoms

Symptom IL-2 (pg/ml) IL-4 (pg/ml) IL-8 (pg/ml) IL-10 (pg/ml) IL-12p70 (pg/ml)

Median (IQR) Median (IQR) Median ((IQR) Median (IQR) Median (IQR)

Cough (8) 57.11 (34.49–70–49) 30.49 (8.07–60.84) 396.61 (81.91–530.70) 26.98 (7.55–42.65) 44.93 (23.59–70.38)

Weight-Loss (2) 38.82 (34.49–43.16) 33.36 (14.49–52.23) 403.0 (39.99–766.00) 35.51 (28.37–42.65) 57.66 (44.93–70.38)

Lethargy (3) 57.11 (34.49–58.83) 52.23 (8.07–151.74) 239.42 (81.91–766.00) 26.98 (5.26–42.65) 40.41 (23.59–70.38)

Vomiting (1) 57.11 151.74 81.91 5.26 23.59

Diarrhea (4) 38.82 (32.81–172.59) 22.49 (10.56–41.36) 404.69 (218.30–589) 35.51 (17.96–49.45) 57.66 (26.31–103.52)

coefficient hMPV Ct was slightly associated with the 
duration of clinical symptoms (r=0.570, p=0.069).

Association between the cytokine levels and clinical 
symptoms was calculated by Pearson’s Chi square and the 
cytokine levels were as presented in Table 2. There was no 
statistically significant association.

There was negative correlation between fever, and IL-2, 
IL-8, IL-10, and IL12-P70 levels (Table 2). There was a 
positive correlation between fever and IL-4 implying high 
levels of IL-4 is positively associated with fever.

There was a statistically significant association between 
IL-10 and IL-12P70 r=0.9, (p=0.005). IL-2 levels were 
found to be associated with IL-10, and IL-12P70 levels, 
(p=0.007 and p=0.015, respectively).

Discussion

This prospective study aimed to determine prevalence 
of hMPV and assess specific nasal cytokine profiles in 
children under the age of two. hMPV is not an important 
etiological factor of acute respiratory illness with all 
patients in this study exhibiting mild clinical illness.

Our study demonstrated hMPV circulating amongst 
the Eldoret populations. hMPV was detected, and the 
prevalence was placed at one in twenty-five patients, slightly 
lower than reports from other studies which reported 
prevalence between 5–10% in refugee populations in 
Kenya where the peak incidence periods were November 
and December.[7] Another study in Kenya reported the 
prevalence in different urban and rural populations to be 
5–15%.[8] Data from the study supports the assumption 
that clinical manifestation associated most commonly 
with hMPV for the out patients are cough and fever which 
were exhibited in all patients who presented clinically 
with mild upper respiratory illness. In our study, those 
were present in all patients with hMPV-positive samples; 

similar observations were reported by other studies.
[18,19] Nevertheless, lower respiratory infection such as 
pneumonia can be presented clinically, though we did not 
have any patients with lower respiratory tract infection.

Quantitative Real-Time PCR (qRT-PCR) was used to 
quantify the amounts of virus in a clinical specimen and 
Ct for viral load estimation. Semi-quantitative RT-PCR 
(qRT-PCR) has been reported to have the potential of 
estimating infectious virus levels that correlate well with 
the standard curves using limiting dilutions of the purified 
PCR amplicons.[20,21] To confirm the specimen integrity, 
each sample was evaluated for the human housekeeping 
gene RNase P (RNP). Younger children had lower Ct values 
than that of older children, but this was not statistically 
significant. Generally, the average hMPV Ct value was 
low, this, being indicative of higher viral loads. The lower 
Ct values observed was inconsistent with findings from 
another study[21], this could be due to the varied swabs 
used; Nylon vs polyester tipped swabs. It is also possible 
that the lower Ct values reported in our study were due 
to the point in time during infection. On correlating the 
viral load and fever, we report no association this being 
consistent with findings from a previous study.[22] We 
report a positive association between Ct values and days 
since onset though the association was not significant.

Our study characterized markers of inflammation and 
how they related with specific clinical symptoms. The 
characterized inflammatory markers were elevated 
except for IL-12p70 whereas low levels were observed 
when compared to the normal serum levels in healthy 
children.[23] It is possible that inflammation leads to 
resolution of infection by direct antiviral activity or by 
induction of innate and adaptive immunity. IL-4 hyper 
responsiveness was observed, and this could be indicative 
of Th2 bias. It is therefore possible that IL-4 could play 
an important role in hMPV infection pathogenesis as 
opposed to viral clearing. This finding is consistent with 
reports from other studies that reported a Th2 biased 
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cytokine response.[24,13] High levels of IL-8 in mild disease 
observed could indicate that IL-8 is important in infection 
resolution since, IL-8 is a portent neutrophil chemotactic 
and activating factor. Moreover, regulated recruitment 
and clearance of neutrophils is characteristic of competent 
host defence. IL-8 is thought to play an essential role in 
pathogenesis of severe RSV infections[25], This however, 
may not be the case in hMPV, since all the participants had 
high levels of IL-8 despite the mild disease. Low IL-12p70 
levels were observed in our study. IL-12 plays an important 
role in induction of antiviral interferon; it is likely that 
this cytokine plays a critical role in viral clearance. Similar 
findings have been reported whereby, hMPV infection is 
associated with enhanced expression of Th-1 type (IL-12 
and IFN-g) and antiviral (IFN-b) cytokines.[26] The low 
levels of IL-12 observed could be explained by inhibition of 
T cell proliferation by hMPV infected dendritic cells.[27] We 
also sought to understand the role of IL-10 as a regulatory 
cytokine during active infection. We observed slightly 
elevated levels of IL-10. This cytokine was associated with 
a higher IL-12p70 suggesting, an increase in IL-12p70 
was associated with increased IL-10. This may imply the 
regulatory role of IL-10 on IL-12 secretion. Similar findings 
have been reported regarding IL-10 levels.[28] IL-2 is vital in 
promoting clonal expansion of T cells. We found moderate 
elevation of IL-2. A study reported similar findings with 
low IL-2 production in adults infected with the virus. The 
low levels were observed from day 1 of infection to day 
12.[29] Lower levels of IL-2 could be attributable to hMPV 
infection of dentritic cells hampering the capacity to activate 
T cells[30]; also, hMPV is thought to inhibit DCs function in 
priming naive T cells.[27] Regarding the association between 
increased IL-2 and IL-10 with IL12P70 found in our study, 
it can be proposed that, IL-2 might play a role in expansion 
of T cell lineage.

In our study, fever was associated negatively with IL-2, IL-
8, IL-10 and IL-12P70 but a positively with IL-4. IL-10 
is an inhibitory cytokine thus, it’s role in fever is expected 
to abate fever. This could implicate high level of IL-4 to 
being associated with fever but it is more likely that fever 
occurred as result of the viral infection rather than higher 
cytokine levels that was supported by the study indicating 
that fever was associated with virus-positive exacerbation 
in infants.[31] IL-8 on the other hand was not associated 
with fever although IL-8 is known to be pyrogenic.[32]

We sought to understand if duration of disease was in any 
way associated with the quantities of cytokines secreted 

by the infected children. IL-2 and IL-8 had a negative 
correlation while IL-4, IL-10 and IL-12p70 had a positive 
correlation with symptoms. High levels IL-4, IL-10 and 
IL-12P70 were found to be associated with the duration 
of illness. Data from previous study indicated that IL-4 
was at the highest level on day 5 of infection[29]; It is 
therefore plausible to speculate that higher IL-4 levels 
could be associated with higher duration of illness. The 
average duration of disease in our study was 3 days. We 
speculate that these two cytokines are likely to peak at 
the same time. Data from our study indicated a statistical 
significant correlation between IL-10 and IL-12P70. In a 
recent study, it was reported that peak secretion of IL-10 
might coincide with viral shedding which peaks between 
days 5 and 10.[29] Our data indicated no association 
between the viral load and cytokine quantities. We did 
not find any correlation between cytokine levels and Ct.

Conclusions

Data from the study demonstrates circulation of hMPV 
amongst the population in Eldoret albeit it not being an 
important etiological factor for ARI and qRT-PCR it is 
an important diagnostic assay for acute respiratory illness. 
hMPV infection induces secretion of cytokines in nasal 
epithelial cells. Elevated cytokine levels indicate that the 
essential role these inflammatory markers more so IL-
8, this highlights the importance of neutrophils in viral 
clearance leading to disease resolution. hMPV infection 
leads to IL-4 hyper responsiveness.

Recommendations

Ct values from PCR could play an important role in 
diagnosis of upper respiratory tract infections in a clinical 
setting. Further investigations are needed to assess the 
role of cytokines and functions in severe cases of hMPV 
infection.
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