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Abstract

Background: Human metapneumovirus (hMPV) is a major novel cause of acute respiratory infections ranging from
wheezing to bronchiolitis and pneumonia in children worldwide. The aim of this study was to detect hMPV in hospitalized
children with acute respiratory tract infections (ARTIs) by using reverse transcription-loop mediated isothermal amplification
(RT-LAMP) assay.

Methods and Results: A total of 68 children with ARTIs who were clinically suspected of acquiring hMPV were included
in the study in the period between January 2019 and February 2020. Posterior-pharyngeal (throat) swabs were obtained from each
patient. h(MPV RNA was revealed in 18(26.5%) cases. The age range was from <1 year to 10 years (mean age of 5.25+2.62).
Sixteen (23.5%) of the participants were in the age group of <1 year, where the majority of hMPV-positive subjects (n=11)
were found (16.2% of the total number of infected children) (P=0.0025). The majority of hMPV-negative subjects (n=15) were
found in the age group of 5-10 years (22% of the total number of infected children) (P=0.0025). Cough, fever, and shortness of
breath were common symptoms in hMPV-positive children: 15(83.3%), 13(72.2%), and 12(66.7%), respectively. There was a
statistically significant correlation between common clinical symptoms and the age group of hMPV-positive children: symptoms
were common in the age group of <1 year.

Conclusion: Our study represents the first report in Khartoum, Sudan, on the detection of h(MPV using RT-LAMP. RT-LAMP
is a valuable, quick diagnostic technique for h(MPV detection. (International Journal of Biomedicine. 2021;11(2):146-150.)
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Introduction genome is a negative-sense, single-stranded RNA molecule,
13.3Kb long, encoding eight proteins.”) Three surface

Human metapneumovirus (hMPV) is a major novel proteins (F-fusion, G-attachment glycoprotein, and SH-small
cause of acute respiratory infections ranging from wheezing to hydrophobic) are encoded within the hMPV genome.® The F-
bronchiolitis and pneumonia in children worldwide. h(MPV is a and G-nucleotide sequences have been largely used to study

member of the Paramyxoviridae family of viruses. The hMPV hMPV genetic variation.) The AMPV G gene shows higher
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sequence and amino acid diversity.*> The highly conserved
F protein constitutes an antigenic determinant that mediates
cross-lineage neutralization and protection.:9

hMPV was first identified in the Netherlands by
Hoogen et al.” hMPV has currently been detected in Europe,
America, Australia, Asia, and Africa.®'9» hMPV was first
isolated from stored nasopharyngeal aspirates of infected
children collected over a 20-year period. hMPV appears
to have respiratory epithelium tropism.!' The symptoms
of both upper and lower respiratory tract disease have been
associated with hMPV infections in infants, young children,
the elderly, and immunocompromized patients. However, at
the age of five years, virtually every individual has experienced
at least one hMPV infection.!>! Different studies have noted
that temperate regions are more prevalent for hMPV, which
circulates mainly during the winter."*!” Clinical symptoms of
hMPV infection resemble those caused by respiratory syncytial
virus and range from mild upper respiratory tract infections
to wheezing and severe lower respiratory tract illnesses that
require hospitalization."®?” Although hMPV infections have
been diagnosed in all age groups, the virus likely has its greatest
effect on children.?" Several studies have demonstrated that
hMPV accounts for a major proportion of hospitalizations for
lower respiratory tract infections in infants and young children.
The most frequent diagnoses in hospitalized children are
bronchiolitis and pneumonia, but occasionally hMPV may also
cause severe illnesses that require treatment at intensive care
units.29

The aim of this study was to detect hMPV in hospitalized
children with acute respiratory tract infections (ARTIs)
by using reverse transcription-loop mediated isothermal
amplification (RT-LAMP) assay.

Materials and Methods

This descriptive cross-sectional study was carried out in
Mohammed El Amin Hamid Hospital for Children (MEHHC)
in Omdurman (Khartoum State, Sudan), in the period between
January 2019 and February 2020.

The study was conducted in accordance with ethical
principles of the WMA Declaration of Helsinki (1964, ed.
2013) and approved by the Ethics Committee of Faculty
of Medical Laboratory Sciences, Al-Neelain University..
Informed consent was obtained from the children’s parents or
guardians.

A total of 68 children with ARTIs who were clinically
suspected of acquiring hMPV were included in the study.
Participants were enrolled in the study according to the
following inclusion criteria: children between <1 to 10 years,
of both sexes, hospitalized and suffering from ARTIs. All
subjects with other respiratory diseases were excluded.

Collection of Posterior-Pharyngeal (throat) Swabs

Samples were obtained from each patient as described
in the CDC’s specimen collection guidelines.?® Using a
tongue depressor, the investigator swabbed both the posterior
pharynx and the tonsillar areas with a sterile nylon swab
(Regular Flocked swabs, Copan Diagnostics Inc., Murrieta,
California, USA), in the clockwise direction, and the swabs

were withdrawn (without touching the tongue). The swabs
were immediately placed in the virus transport medium.
The collected samples were transported in an ice bag to the
laboratory and stored at -80°C until used.

RT-LAMP reaction

Throat samples in VIM were vortexed for 10 seconds,
the obtained solution was used for RNA extraction, and the
viral RNA was eluted in 30ul of elution buffer. Then RT-PCR
was used to produce cDNA, which was finally eluted in 30ul
of elution buffer and stored at -20°C.

For RT-LAMP, viral RNA was extracted from throat
specimens with QIAamp Viral RNA Mini Kit (Qiagen,
Germany) according to the manufacturer’s instructions. Six
primers, including two outer primers (F3 and B3), two inner
primers (FIP [Fl1c +F2], BIP [Blc +B2]) and two loop primers
(LF and LB), were used for hMPV N gene.®” The sequences
of each primer are shown in Table 1. RT-LAMP reaction was
performed according to Wang et al.(?”

Table 1.
Primer sets to detect hMPV N gene by RT-LAMP

F3 ACAGGAGTCTATTCATTGAGT

B3 ACCAAATCATAAACCTCTGTG
CGGCTCCATAAGCTTGCATAAATAT-

FIP(F1etF2) | GGGAAAGCTTTAGGCTCA
ACAATGCTAAGGTGGGGTGTC-

BIP(B1etB2) | -1 TCAATTCAGCTTGCACAG

LF CAAACAAACTTTCTGCTTTGCTTCC

LB CATCTAACAACATAATGCTAGGGCA

Statistical analysis was performed using the IBM
SPSS Statistics for Windows, Version 20.0. Armonk, NY:
IBM Corp.). Baseline characteristics were summarized as
frequencies and percentages for categorical variables. Group
comparisons were performed using chi-square tests with Yates
correction. A probability value of P<0.05 was considered
statistically significant.

Results

The results of RT-LAMP for the diagnosis of hMPV in
68 throat swab samples collected from hospitalized children
with ARTIs in Khartoum State are shown in Table 2. hMPV
RNA was revealed in 18(26.5%) cases (Table 2).

Table 2.
The results of RT-LAMP for the diagnosis of hMPV

RT-LAMP
hMPB RNA

Positive

18 (26.5)%

Negative Total
50 (73.5)% 68 (100%)

The age range was from <1 year to 10 years (mean age
of 5.25+£2.62). Sixteen (23.5%) of the participants were in
the age group of <1 year old, where the majority of hMPV-
positive subjects (n=11) were found (16.2% of the total
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number of infected children) (P=0.0025). The majority of
hMPV-negative subjects (n=15) were found in the age group
of 5-10 years (22% of the total number of infected children)
(P=0.0025) (Table 3).

Table 3.

Frequency of hMPV among Hospitalized Children with ARTIs
regarding their gender, fever , cough and SOB.

Parameters P?lsziiig e Ncrelgzagt(i)ve Egtg‘é Statistics
Gender

Male 9 (13.2%) |23 (33.8%)| 32 (47%) |Chi-square:

Female |9 (13.2%) (27 (39.7%)| 36 (53%) %-(z/i?ue: 0.771
Age group

<1 11 (16.2%)| 5(7.3%) |16 (23.5%)

1-25 2(3%) {10 (14.7%)| 12 (17.6%) | vyyes chi-square:

25-35 | 1(1.5%) |11 (16.2%)| 12 (17.6%) | 16-449

35-5 | 3(44%) | 9(13.2%) | 12 (17.6%) | Gies Prvalue:
510 [ 1(1.5%) | 15(22%) |16 (23.5%)

Cough, fever, and shortness of breath (SOB) were
common symptoms in hMPV-positive children: 15(83.3%),
13(72.2%), and 12(66.7%), respectively (Table 4). There was
a statistically significant correlation between common clinical
symptoms and the age group of hMPV-positive children:
symptoms were common in the age group of <1 year (Table 4).

Table 4.

Common clinical symptoms in the age groups of hMPV-positive
subjects

Age group Fever Cough SOB
(yrs) (n=15) (n=13) (n=12)
<1 (n=16) 9 (60.0) 9 (69.2%) 9 (75.0%)
1-<25
(n=12) 2 (13.3%) 1 (7.7%) 1 (8.3%)
25-<35
(n=12) 1 (6.7%) 1(7.7%) 0
35-<5
(n=12) 2 (13.3%) 1 (7.7%) 1(8.3%)
5-10
(n=16) 1 (6.7%) 1(7.7%) 1(8.3%)
Yates’ chi-square: | Yates’ chi-square: |Yates’ chi-square:
Statistics 11.137 13.969 16.549
Yates’ P-value: |Yates’ P-value: |Yates’ P-value:
0.0251 0.0074 0.0024
Discussion

The latest characterization of a new family member,
which belongs to Paramyxoviridae, subfamily Pneumovirus, has
provided a chance to assess the severity of the disease triggered
by this previously unrecognized human pathogen.®® To the best

of our knowledge, this is the first report on the detection of
hMPV infection in Sudan using the RT-LAMP technique. In this
study, hMPV has been shown to be responsible for a significant
number of ARTIs in early infancy and childhood (26.5%).

Regardless of the techniques used, different studies
have concluded that hMPV infection occurs frequently early
in childhood.**2%3%

The frequency of hMPV infections found in this study
showed similarity and some variations with those that have
emerged from previously published studies in different
countries.®!?

These variations in incidence among studies might
reflect different epidemiological patterns of hMPV infection
in different countries, which in turn might be related to
environmental factors, geographical factors, differences in
host genetic susceptibility, sampling techniques, detection
methods, and/or different viral strains circulating in different
geographical areas. The use of RT-LAMP was particularly
advantageous for hMPV because the virus is fastidious and
difficult to grow in most cell lines. The newly established
visual RT-LAMP assay is simple, efficient, cost-effective and
convenient to use as a diagnostic tool in clinical practice.?”

In our study, fever, cough, and dyspnea were the most
significantly frequent clinical features among hMPV-positive
children, while Wang et al.®¥ noted that fever, cough, and
rhinorrhea were the main clinical manifestations; Papenburg
et al.®¥reported fever, dyspnea, wheezing, abnormal breathing
sounds, and added that sounds were the most frequent
clinical features among hMPV-positive children. This might
reflect the broad spectrum of clinical diseases with different
manifestations in hMPV infections, but all authors agreed that
fever and cough are the most common clinical manifestations.

The study showed that hMPV infections were higher
among age group <l year (16%) than among older children.
This result was comparable to that of Zhang et al.®> and Wei
et al.®® The higher incidence of hMPV infections among age
group <1 year might signify the importance of this age group
as a risk factor for infection.

Our findings are consistent with the results of Heikkinen
et al.,®” who revealed that the occurrence of hMPV infection
in children <2 years of age was probably twice that in children
2-5 years of age and 10 times greater than in children >9 years
of age. However, Papenburg reported comparable results that
children <6 months are at risk of hMPV infection.®¥ These
findings may be attributed to the immature immune system
among pediatrics.

The results of our study showed that among hMPV-
positive children, the male-to-female ratio was 1:1. Zuo et
al.®® recorded results similar to the current study. Rein et al.
found that of the 32 patients in whom hMPV was detected,
17(53.2%) were female and 15(46.8%) male.®” Most published
studies reported no significant gender predominance.

Limitations of the Study and Prospective
The current study consisted of a total of only 68

participants (representativeness not achieved), so further
investigation in different parts of the country with a larger
sample size and cohort study design is indicated to highlight
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the severity of the problem. Moreover, it is necessary to
include other variables, such as oxygen level and the existence
of co-morbidities, as well as laboratory investigations, such as
C-reactive protein level and complete blood count, which will
help better management of the ARTIs caused by hMPV.

In conclusion, the study performed demonstrates that
hMPYV infection is significantly more severe in the age group
of <I year. Our study represents the first report in Khartoum,
Sudan, on the detection of hMPV using RT-LAMP. RT-LAMP
is a valuable, quick diagnostic technique for h(MPV detection.
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