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Abstract

Background Lower respiratory tract infections (LRTIs) are a major cause of morbidity and mortality in children world-
wide and disproportionally affect Sub-Saharan Africa. Despite the heaviest burden of LRIs in Ethiopia, to date, no pub-
lished studies have reported a comprehensive viral etiology of LRTIs among children in Ethiopia. The objective of this
study was to determine and estimate the etiological contribution of respiratory viruses to LRTIs in <5 years children

in Ethiopia.

Methods A prospective case—control study was conducted from September 2019 to May 2022 in two major
governmental hospitals, St. Paul Hospital Millennium Medical College and ALERT Hospital in Addis Ababa, Ethiopia.
Nasopharyngeal/oropharyngeal samples and socio-demographic and clinical information were collected from chil-
dren under 5 years. A one-step Multiplex real-time PCR (Allplex"™ Respiratory Panel Assays 1-3) was done to detect
respiratory viruses. STATA software version 17 was used for the data analysis. We computed the odds ratio (OR),

the attributable fraction among exposed (AFE) and the population attributable fraction (PAF) to measure the associa-
tion of the detected viruses with LRTIs.

Results Overall, 210 LRTIs cases and 210 non-LRTI controls were included in the study. The likelihood of detecting
one or more viruses from NP/OP was higher among cases than controls (83.8% vs. 50.3%, p=0.004). The multivari-
ate logistic regression showed a significantly higher detection rate for RSV A (OR: 14.6, 95% Cl 4.1-52.3), RSV B (OR:
8.1,95% Cl 2.3-29.1), influenza A virus (OR: 5.8, 95% CI 1.5-22.9), and PIV 1 (OR: 4.3,95% Cl 1.1-16.4), among cases
when compared with controls. The overall AFE and PAF for RSV A were (93.2% and 17.3%), RSV B (87.7% and 10.4%)
and Influenza A virus (82.8% and 6.3%), respectively. The mean CT values were significantly lower for only RSV B
detected in the case groups as compared with the mean CT values of RSV B detected in the control group (p=0.01).

Conclusions RSV, Influenza A and PIV 1 viruses were significantly associated with LRTls in < 5 years children in Addis
Ababa, Ethiopia. Therefore, we underscore the importance of developing prevention strategies for these viruses
in Ethiopia and support the importance of developing and introducing an effective vaccine against these viruses.
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Background

Lower respiratory tract infections (LRTIs) are a major
cause of morbidity and mortality in children worldwide.
In 2019, LRTIs contributed 13.9% of the 5.30 million
deaths among children younger than 5 years, and were
the primary cause of mortality among children aged
1-59 months [1]. Low socio-demographic index regions,
like Sub-Saharan Africa, had the heaviest burden of
LRTIs, which contributed to 50% of these deaths [2, 3].

After the introduction of the pneumococcal conjugate
vaccine (PCV) and Haemophilus influenzae type b (Hib)
vaccine, mortality due to bacterial LRTIs has decreased
globally, and hence virus-associated LRTIs are likely to
comprise an increasing proportion [4]; however, labora-
tory diagnosis of viral LRTIs remains challenging despite
advances in diagnostic laboratory technology [5, 6]. Fur-
thermore, distinguishing colonization from infection
is an important factor in making the correct diagnosis
of LRTIs [7]. To solve this diagnostic challenge, several
studies use a case—control study design and compare the
infection status of people with LRTIs (cases) to people
without LRTIs (controls) [6, 8—13]. A number of studies
have detected respiratory syncytial virus, influenza, and
human metapneumovirus more commonly in cases than
in controls [8, 10-13]. The case—control study design
approach can help to solve the diagnostic issue at a popu-
lation level, but it has been used only rarely in etiological
studies [5].

Virus load in the nasopharyngeal could also help in dis-
tinguishing colonization from infection and could further
predict disease severity. Several studies reported that
LRTIs cases have a higher nasopharyngeal viral density
(lower CT value) than asymptomatic children or children
with moderate respiratory illnesses [14—21]. For instance,
a multicenter study conducted in nine developing coun-
tries reported a higher mean viral load for adenovirus,
Human bocavirus, Human metapneumovirus, parain-
fluenza virus 1, parainfluenza virus 3, rhinovirus, and
respiratory syncytial virus in nasopharyngeal/oropharyn-
geal swabs from children with pneumonia than without
pneumonia [16]. Similarly, a study conducted among
children<5 years old with severe respiratory illness in
Kenya reported a lower mean CT value for RSV among
cases (27.2) than asymptomatic controls (35.8, p=0.008)
[19].

A better understanding of the contribution of specific
respiratory viruses to childhood LRTTs is needed to guide
clinical management and preventive measures. Despite
the heaviest burden of LRTIs in Sub-Saharan Africa, to
date, we have found no published studies reporting com-
prehensive viral etiologies of LRTIs among children.
Therefore, we conducted this prospective case—con-
trol study in Ethiopia to estimate the contribution of
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respiratory viruses to LRTIs among hospitalized children
younger than 5 years.

Methods

Study area and population

A prospective case—control study was conducted from
September 2019 to May 2022 in two major governmen-
tal hospitals (St. Paul Hospital Millennium Medical Col-
lege and ALERT Comprehensive Specialized Hospital) in
Addis Ababa, Ethiopia. Data collection was interrupted
from February 2020 to July 2020, during the COVID-19
Pandemic.

Cases were under five year children with LRTIs (an
acute respiratory illness with a history of fever or meas-
ured fever of>38 °C and cough, with onset within the
past 10 days, requiring hospitalization”) [18]. Controls
were also under five children admitted in the same hospi-
tal for diseases other than respiratory infections (children
who did not meet the case definition for LRTIs). Cases
and controls were excluded if they were above the age of
60 months. Children with LRTIs with an onset of more
than 10 days were also excluded from the cases. Both
cases and controls were enrolled throughout the study
period using the marginal frequency of matching by age
group and month of sample collection with cases.

Data collection

Experienced pediatric nurses, in collaboration with pedi-
atricians, identified eligible cases and controls, obtained
informed consent from parents/guardians, collected
sociodemographic and clinical information, and collected
Naso/Oropharyngeal swab samples.

Naso/Oropharyngeal swab collection
Naso/Oropharyngeal swabs were collected from all
enrolled children. Nasopharyngeal specimens were col-
lected by inserting flocked swabs (Copan) into the pos-
terior nasopharynx and rotating 180° for 2-3 s [16].
Oropharyngeal specimens were then collected by MWE
> Swabs (MWE) over both tonsillar pillars and the pos-
terior oropharynx for several seconds. Following col-
lection, swabs were placed together in the same 3-mL
vial of universal transport media (SIGMA VCM") [16].
After the NP/OP samples were collected from both cases
and controls, samples were transported to the Armauer
Hansen Research Institute (AHRI) and stored at—80 °C
until tested.

Laboratory procedures

Nucleic acid from the Naso/Oropharyngeal samples was
extracted manually with Ribospin_vRD Viral RNA/DNA
Extraction kit (GeneAll, South Korea), using the manu-
facturer’s protocol. Briefly, 300 ul samples (swab-storage
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media) were transferred to a 1.5 ml microcentrifuge tube.
Then 500 pl buffer was added to the tube and incubated
for 10 min at room temperature to lyse the sample. Seven
hundred pl buffer RB1 was further added to the lysate
then the mixture was transferred to a mini-column.
Finally, the pass-through of the mini-column was dis-
carded and 30-50 pl of nuclease-free water was added
to the center of the membrane in the mini-column. The
purified nucleic acid was stored at—80 °C. After extrac-
tion, the detection of respiratory viruses was done using
Allplex™ Respiratory Panel 1-3 Assays (Table 1) (See-
gene, South Korea). Amplification was performed using
a CFX96 thermocycler (Biorad, Hercules CA, USA). PCR
setup and results analysis were managed by CFX real-
time PCR detection system (CFX ManagerTM Software-
IVD v1.6). For each virus, a PCR Ct value <42 was used
to define positivity.

To detect severe acute respiratory syndrome coronavi-
rus 2 (SARS-CoV2), we used Real-Time Fluorescent RT-
PCR Kit, BGI Biotechnology (Wuhan) Co.Ltd, China. The
cut-off value for a positive test was cycle threshold (Ct)
value <38; and any value greater than 38 was regarded as
a negative test.

Data analysis

Data analysis was performed using Stata software version
17. The odds ratio (OR) was calculated to assess the role
of the detected virus in the case group by comparing the
infection status of the case group for a given virus with
the infection status of the control group for the same
virus. Multivariate logistic regression was used to cal-
culate the adjusted OR (aOR) by adjusting for the pres-
ence of other viruses. The association between the mean
CT value for a given virus in the case and control group
was measured using a Two-sample Wilcoxon rank-sum
(Mann—Whitney) test. The attributable fraction among
the exposed (AFE) (i.e. the proportion of cases infected
with a given virus for whom that virus was deemed
responsible for their illness), was calculated as 1 — (1/OR),

Table 1 Allplex™ Respiratory Panel 1-3 Assays Analytes
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where OR is the case—control odds ratio for that virus.
The population attributable fraction PAF for a given virus
(i.e., the proportion of all cases attributable to a given
virus) was calculated as (AFE% for a given virus X preva-
lence of a given virus among cases).

Ethical review

This study was approved by AHRI and Addis Ababa Uni-
versity ethical review committees. Written and signed
informed consent was obtained from all Parent/Guardian
of enrolled children.

Result

Sociodemographic characteristics

A total of 420 NP/OP swab samples were collected from
210 cases and 210 controls. Table 2 shows a summary
of the baseline characteristics of the cases and controls.
The median age of children with LRTIs and controls was
15.1 months and 22.8 months, respectively. The propor-
tion of males in the cases and controls was 131(62.4%)
and 111(52.9%), respectively. In general, there were no
significant baseline characteristics differences between
cases and controls population (Table 2).

Respiratory viruses associated with LRTls among children
under-five years

The likelihood of detecting one or more viruses from
NP/OP was higher among cases than controls (83.8% vs.
50.3%, p=0.004). The respiratory viruses most frequently
detected in both cases and controls were HRV [(n=39,
18.6%) in cases and (n=55, 26.2%) in controls)], hMPV
[(n=49, 23.3%) in cases and (n=24, 11.4%) in controls],
and HBoV [(n=34, 16.2%) in cases and (n=28, 13.3%)
in controls] (Fig. 1, Additional file 1: Table S1). RSV A
(n=39, 18.6%) and RSV B (n=25, 11.9%) viruses were
more commonly detected in the cases. We tested all the
samples for SARS-CoV-2 and only two samples from the
control group were positive. After adjusting for the pres-
ence of other viruses, the multivariate logistic regression

1

Allplex™
Respiratory panel 1

i

Allplex™
Respiratory panel 2

Allplex™
Respiratory panel 3

Influenza A virus (Flu A)

Influenza A-H1 (Flu A-H1)

Influenza A-H1pdmO9 (Flu A-H1pdm09)
Influenza A-H3 (Flu A-H3)

Influenza B virus (Flu B)

Respiratory syncytial virus A (RSV A)
Respiratory syncytial virus B (RSV B)
Internal Control (IC)

Adenovirus (AdV)
Enterovirus (HEV)
Metapneumovirus (MPV)
Parainfluenza virus 1 (PIV 1)
Parainfluenza virus 2 (PIV 2)
Parainfluenza virus 3 (PIV 3)
Parainfluenza virus 4 (PIV 4)

Internal Control (IC)

Bocavirus 1/2/3/4 (HBoV)
Coronavirus 229E (229E)
Coronavirus NL63 (NL63)
Coronavirus OC43 (0C43)
Human rhinovirus (HRV)
Internal Control (IC)
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Table 2 Characteristics of cases and controls population

Characteristic Cases (210) (%) Controls (210) (%) p Value
Sex (male) 131(62.4) 111(52.9) 0.052
Mean age in month 15.1 228 0.109
Age category (month)

0-12 130(62) 97(46.1)

13-24 49(23) 48(22.7) 0.218
25-36 19(9) 29(13.6) 0.119
37-48 7(3) 18(8.4) 0.056
49-60 5(2) 19(9.1) 0.992
Mean admission weight (KG) 85 9.8 0.638
Mean admission height(CM) 68.5 74.8 0.804
Mean mid upper arm circumference(CM) 134 129 0.194
Malnutrition status

Normal 189(89.9) 185(88.0)

Moderate acute malnutrition(MAM) 8(3.7) 15(7.2)

SAM 13(6.4) 10(4.8) 0.578
Breastfeeding practices 195(92.9) 177(84.2) 0.996
HIV/AIDS Positive 2(1.1) 1(0.7)

Immunization

Immunized all scheduled program 131(62.5) 139(66.1)

Miss some immunization 8(3.6) 13(6.0) 0422
Not immunized at all 13(6.3) 10(4.8) 0.122
Immunization on progress (for <9 months children) 58(27.6) 49(23.2) 0.529
Exposure to childcare/kindergarten

Nursery/pre-KG 3(1.6) 12(5.6)

KG 8(3.7) 21(9.9) 0.995
No exposure 199(94.7) 178(84.6)

Child’s mother age 292 29.1 0.838
Maternal education

llliterate 40(19.2) 51(24.1)

Non-formal education 2(1.1) 1(0.6)

Primary School 101(48.0) 92(43.8) 0.763
Secondary School 39(18.6) 39(18.5) 0.285
Higher education 27(13.0) 27(13.0) 0.844
Smokers in household

Yes 8(3.7) 4(1.8)

Indoor air pollution from solid fuel

Yes 116(55.1) 130(62.1) 0455

showed a significantly higher detection rate for RSV
A (OR: 14.6, 95% CI 4.1-52.3), RSV B (OR: 8.1, 95% CI
2.3-29.1), influenza A virus (OR: 5.8, 95% CI 1.5-22.9),
and PIV 1 (OR: 4.3, 95% CI 1.1-16.4) among cases when
compared with controls.

Attributable fraction analysis

We performed attributable fraction among the
exposed (AFE) and the population attributable fraction
(PAF) analysis for the viruses that showed significant

association with LRTI cases. The highest AFE was
observed for RSV A with 93.2% (i.e. 93.2% of cases test-
ing positive for RSV A are attributable to RSV A). RSV B
had the second-highest AFE with 87.7%, and Influenza A
had an AFE of 82.8% (Fig. 2, Additional file 1: Table S2).
Population attributable fraction (PAF) was calculated to
obtain the fraction of cases attributed to each respiratory
virus. The highest PAF was also observed for RSV A with
17.3% (i.e., the proportion of all cases attributable to RSV
A was 17.3%). The overall PAFs for RSV B and Influenza
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A viruses were 10.4% and 6.3% respectively (Fig. 2, Addi-
tional file 1: Table S2).

PCR cycle threshold values in cases and controls

Cycle threshold (CT) values for each virus were com-
pared between cases and controls as an inverse estimate
of viral load (Fig. 3). The mean CT values were lower in
all of the viruses detected in the cases with the exception
of coronaviruses and human rhinoviruses. However, by p
values calculated with a Two-sample Wilcoxon rank-sum
(Mann—Whitney) test, only RSV B had significantly lower
CT values as compared with controls (p=0.01).

Age-related prevalence of respiratory viruses

The distribution of respiratory viruses among differ-
ent age groups is shown in Fig. 4. The viruses detection
rates in the O0-1-month-old group, 1-12-month-old
group, 13-24 month-old group, 25-36 month-old
group, 37-48-month-old group and 49-60-month-old
group were 33.3%(3/9), 79.4%(201/253), 82.3%(93/113),
71.7%(33/46), 59.1%(13/22) and 55.0%(11/20), respec-
tively. However, the differences in the detection rate
among the age groups were not statistically significant
(p>0.05). In the 0—1-month-old group, the three viruses
frequently detected were RSV B, FIuA and HRV. RSV A
(OR: 3.3, 95% CI 0.97-10.9) and RSV B (OR: 3.4, 95% CI
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0.78-14.7) were predominantly obtained from infants
and toddlers than preschoolers (children 2-5 years old).

Discussion

We found that the likelihood of detecting one or more
respiratory viruses from the NP/OP of children with
LRTIs compared to the control group was higher (83.8%
vs. 50.3%). Previously conducted similar studies by Kelly
et al,, Stephen R. C. et al., Breiman et al., Hammitt et al,,
and Juliet O et al., also revealed a higher rate of virus
detection among cases than controls, with (74.8% vs.
33.8%), (93.1% vs. 79.8%), (72.9% vs. 53.0%), (16.2%vs.
7.4%) and (86.9% vs. 75.4%), respectively [19, 22-26].
Additionally, our results revealed that Influenza A virus,
PIV 1, and RSV were associated with LRTIs. Several
potential pathogens were identified in children with
LRTTIs, adding to the evidence that childhood LRTIs and
severe disease might often not be due to a single organ-
ism [27, 28].

The highest OR were observed for RSV A (OR: 14.6,
95% CI 4.1-52.3) and RSV B (OR: 8.1, 95% CI 2.3-29.1);
the corresponding PAF were 17.3% and 10.3%, respec-
tively. The PAF is frequently interpreted as the propor-
tion of disease risk (in our case 17.3% LRTIs cases were
attributable to RSV A), that could be eliminated from
the population if exposure (RSV A) were eliminated. The

PCR cycle threshold (CT) values in cases and controls
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Fig. 3 PCR cycle threshold (CT) values in cases and controls. Box plot of CT values for all PCR-positive cases and controls sorted by the virus. p

Values calculated with Mann-Whitney U test
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PAF has a practical value for those interested in public
health prevention policy, particularly when dealing with
an exposure that is modifiable through appropriate pre-
vention and treatment strategies [29]. The dominance of
RSV was also reported in a number of case—control stud-
ies in sub-Saharan Africa among<5 years of children, in
which RSV was most strongly associated with LRTI [8,
19, 22-27, 30-35].

In children, recognition of severe outcomes follow-
ing influenza virus infection has been comparatively
recent [36]. In this study, Influenza A viruses were found
predominantly in children with LRTIs compared with
controls (OR: 5.8, 95% CI 1.5-22.9). Various studies in
sub-Saharan Africa also reported a significant association
between Influenza A virus and LRTI [22, 24, 32, 34], while
some studies found no significant association [23, 24, 26,
31, 35]. A meta-analysis by Nair et al. [37] estimated that
between 28,000 and 111,500 deaths in children aged less
than 5 years are attributable to influenza-related causes,
the vast majority of which occur in developing countries.
Effective vaccines for IFV are available, and the World
Health Organization (WHO) strongly recommends preg-
nant women be vaccinated to protect both the moth-
ers and the infants [38]. Although Ethiopia established
influenza sentinel surveillance in 2008 with the aim of

knowing the burden and circulating influenza strains in
the country, the vaccination program has not yet been
introduced [39]. This finding should encourage the accel-
eration of targeted interventions against Influenza infec-
tions in the country.

We also found a significant association of Parainflu-
enza 1 with LRTIs. A number of studies reported a sig-
nificant association between Parainfluenza 1 virus and
LRTT cases when compared with asymptomatic children
or children with mild respiratory infections [22, 25, 33,
34], while others found no difference [8, 23, 24, 31, 35].
We found no association between Parainfluenza 2, 3 and
4 and LRTIs, this finding is consistent with the results of
similar case—control studies in sub-Saharan Africa [22,
25, 31-34]. Prevention and treatment strategies targeting
RSV, Influenza A virus, and PIV1 may have a beneficiary
effect on combating LRTTI in children.

We also tested all the NP/OP swab samples for SARS-
CoV-2 and found only two positive results from the con-
trol group. Large epidemiological studies also reported
that children comprise only 1-2% of all SARS-CoV-2
cases [40—42]. Early after the new SARS-CoV-2 was first
described in the Hubei province of China, it became
clear that most children infected with SARS-CoV-2 were
asymptomatic or had mild symptoms [43, 44]. Whether
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children are also less likely to get infected by SARS-
CoV-2 is an ongoing debate. However, more recent
studies reported that children are less often infected by
SARS-CoV-2 after contact with a SARS-CoV-2-positive
individual [44].

Pathogen density in the nasopharynx could provide
additional information and may further aid in distin-
guishing asymptomatic from symptomatic infections
[45]. We found that the mean CT values were lower in
all of the viruses detected in the cases with the excep-
tion of coronaviruses and human rhinoviruses. Gener-
ally, children with LRTI had a higher total viral load and
harbored more viruses than asymptomatic children or
children with mild respiratory infections. A number of
studies from sub-Saharan Africa reported higher naso-
pharyngeal viral density in LRTIs cases compared with
non-LRTI controls [14—19]. For some viruses, increased
nasopharyngeal viral load has been associated with the
clinical severity of LRTIs in children [45].

Conclusion

These findings underscore the importance of develop-
ing prevention strategies for RSV and Influenza A virus
in Ethiopia and support the importance of developing
an effective vaccine against these viruses. RSV vaccines
designed for children are in the pipeline and immedi-
ate launch of RSV vaccination soon after approval shall
be recommended for children in Ethiopia. The intro-
duction of Influenza A vaccination shall also be recom-
mended. Regarding SARS-CoV-2, only 2 children were
positive out of 420 children; therefore, further research
should be done before launching a vaccination campaign
for<5 years children against Covid-19 in resource-lim-
ited countries like Ethiopia. Further work should be done
to inform a reliable CT value cut-off for specific viruses
to diagnose LRTTIs cases in clinical settings.
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SARS-CoV-2 Severe acute respiratory syndrome coronavirus 2

Supplementary Information

The online version contains supplementary material available at https://doi.
0rg/10.1186/512985-023-02131-x.

Additional file 1. Table S1. The prevalence of Respiratory viruses associ-
ated with severe acute respiratoryinfections among under-five year's cases
and controls. Table S2. Attributable Fraction among Exposed (AFE) and
Population Attributable Fraction (PAF).

Author contributions

FWW, AM, AF, AM; was involved in a principal role in the conception of
ideas, developing methodologies, and writing the article. FWW and TS were
involved in the laboratory work while RH, MG, and WM participated in the
analysis, interpretation and writing. FWW, RH, AM, and AM were involved in
proofreading, and writing. All authors read and approved the final version of
the manuscript.

Funding

Ministry of Health of Ethiopia. There are no roles of the funding body in the
design of the study and collection, analysis, and interpretation of data and in
writing the manuscript.

Availability of data and materials
The datasets during and/or analyzed during the current study are available
from the corresponding author on reasonable request.

Declarations

Ethics approval and consent to participate

This study was approved by AHRI and Addis Ababa University ethical review
committees. Written and signed informed consent was obtained from all Par-
ent/Guardian of enrolled children.

Consent for publication
Not applicable.

Competing interests
The authors declare that this study is free of any competing financial and non-
financial interests.

Author details

! Armauer Hansen Research Institute, Ministry of Health, Addis Ababa, Ethiopia.
’Department of Biomedical Sciences, College of Natural and Computational
Sciences, Addis Ababa University, Addis Ababa, Ethiopia. *Department

of Medical Laboratory Sciences, College of Health Sciences and Medicine,
Wolaita Sodo University, Wolaita Sodo, Ethiopia. “Department of Microbiol-
ogy, Immunology, and Parasitology, School of Health Sciences, Addis Ababa
University, Addis Ababa, Ethiopia.

Received: 22 May 2023 Accepted: 15 July 2023
Published online: 23 July 2023

References

1. Perin J, Mulick A, Yeung D, Villavicencio F, Lopez G, Strong KL, et al.
Global, regional, and national causes of under-5 mortality in 2000-19:
an updated systematic analysis with implications for the Sustainable
Development Goals. Lancet Child Adolesc Health. 2022;6(2):106-15.


https://doi.org/10.1186/s12985-023-02131-x
https://doi.org/10.1186/s12985-023-02131-x

Wadilo et al. Virology Journal

20.

21

22.

(2023) 20:163

Seidu A-A, Dickson KS, Ahinkorah BO, Amu H, Darteh EKM, Kumi-Kyereme
A. Prevalence and determinants of acute lower respiratory infections
among children under-five years in sub-Saharan Africa: evidence from
demographic and health surveys. SSM-popul Health. 2019;8:100443.
Kang L, Jing W, Liu J, Liu M. Trends of global and regional aetiologies, risk
factors and mortality of lower respiratory infections from 1990 to 2019:
an analysis for the Global Burden of Disease Study 2019. Respirology.
2023;28(2):166-75.

Marangu D, Zar HJ. Childhood pneumonia in low-and-middle-income
countries: an update. Paediatr Respir Rev. 2019;32:3-9.

Ruuskanen O, Lahti E, Jennings LC, Murdoch DR. Viral pneumonia. Lancet.
2011;377(9773):1264-75.

Hammitt LL, Feikin DR, Scott JAG, Zeger SL, Murdoch DR, O'Brien KL, et al.
Addressing the analytic challenges of cross-sectional pediatric pneumo-
nia etiology data. Clin Infect Dis. 2017;64(suppl_3):5197-204.

Robinson J. Colonization and infection of the respiratory tract: what do
we know? Paediatr Child Health. 2004;9(1):21-4.

Feikin DR, Njenga MK, Bigogo G, Aura B, Aol G, Audi A, et al. Viral and
bacterial causes of severe acute respiratory illness among children aged
less than 5 years in a high malaria prevalence area of western Kenya,
2007-2010. Pediatr Infect Dis J. 2013;32(1):e14-9.

Edwards KM, Zhu Y, Griffin MR, Weinberg GA, Hall CB, Szilagyi PG, et al.
Burden of human metapneumovirus infection in young children. N Engl J
Med. 2013;368(7):633-43.

Berkley JA, Munywoki P, Ngama M, Kazungu S, Abwao J, Bett A, et al. Viral

etiology of severe pneumonia among Kenyan infants and children. JAMA.

2010;303(20):2051-7.

. Self WH, Williams DJ, Zhu Y, Ampofo K, Pavia AT, Chappell JD, et al. Res-

piratory viral detection in children and adults: comparing asymptomatic
controls and patients with community-acquired pneumonia. J Infect Dis.
2016;213(4):584-91.

Hasan R, Rhodes J, Thamthitiwat S, Olsen SJ, Prapasiri P, Naorat S, et al.
Incidence and etiology of acute lower respiratory tract infections in
hospitalized children younger than 5 years in rural Thailand. Pediatr Infect
Dis J. 2014;33(2):e45.

Rhedin S, Lindstrand A, Hjelmgren A, Ryd-Rinder M, Ohrmalm L,
Tolfvenstam T, et al. Respiratory viruses associated with community-
acquired pneumonia in children: matched case—control study. Thorax.
2015;70(9):847-53.

Houben M, Coenjaerts F, Rossen J, Belderbos M, Hofland R, Kimpen J,

et al. Disease severity and viral load are correlated in infants with primary
respiratory syncytial virus infection in the community. J Med Virol.
2010,82(7):1266-71.

DeVincenzo JP, El Saleeby CM, Bush AJ. Respiratory syncytial virus load
predicts disease severity in previously healthy infants. J Infect Dis.
2005;191(11):1861-8.

Feikin DR, Fu W, Park DE, Shi Q, Higdon MM, Baggett HC, et al. Is

higher viral load in the upper respiratory tract associated with

severe pneumonia? Findings from the PERCH study. Clin Infect Dis.
2017;:64(suppl_3):5337-46.

Chochua S, D'Acremont V, Hanke C, Alfa D, Shak J, Kilowoko M,

et al. Increased nasopharyngeal density and concurrent carriage of
Streptococcus pneumoniae, Haemophilus influenzae, and Moraxella
catarrhalis are associated with pneumonia in febrile children. PLoS ONE.
2016;11(12):e0167725.

Fodha |, Vabret A, Ghedira L, Seboui H, Chouchane S, Dewar J, et al.
Respiratory syncytial virus infections in hospitalized infants: association
between viral load, virus subgroup, and disease severity. J Med Virol.
2007;79(12):1951-8.

Fuller JA, Njenga MK, Bigogo G, Aura B, Ope MO, Nderitu L, et al. Associa-
tion of the CT values of real-time PCR of viral upper respiratory tract
infection with clinical severity, Kenya. J Med Virol. 2013;85(5):924-32.
Buckingham SC, Bush AJ, Devincenzo JP. Nasal quantity of respiratory
syncytial virus correlates with disease severity in hospitalized infants.
Pediatr Infect Dis J. 2000;19(2):113-7.

Utokaparch S, Marchant D, Gosselink JV, McDonough JE, Thomas EE,
Hogg JC, et al. The relationship between respiratory viral loads and
diagnosis in children presenting to a pediatric hospital emergency
department. Pediatr Infect Dis J. 2011,30(2):e18-23.

Howie SR, Ebruke BE, McLellan JL, Knoll MD, Dione MM, Feikin DR, et al.
The etiology of childhood pneumonia in The Gambia: findings from the

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

Page 9 of 10

Pneumonia Etiology Research for Child Health (PERCH) study. Pediatr
Infect Dis J. 2021;40(9):57.

Kelly MS, Smieja M, Luinstra K, Wirth KE, Goldfarb DM, Steenhoff AP, et al.
Association of respiratory viruses with outcomes of severe childhood
pneumonia in Botswana. PLoS ONE. 2015;10(5):e0126593.

Breiman RF, Cosmas L, Njenga MK, Williamson J, Mott JA, Katz MA, et al.
Severe acute respiratory infection in children in a densely populated
urban slum in Kenya, 2007-2011. BMC Infect Dis. 2015;15:1-11.

Awori JO, Kamau A, Morpeth S, Kazungu S, Silaba M, Sande J, et al. The
etiology of pneumonia in HIV-uninfected children in Kilifi, Kenya: findings
from the Pneumonia Etiology Research for Child Health (PERCH) study.
Pediatr Infect Dis J. 2021;40(9):529.

Hammitt LL, Kazungu S, Morpeth SC, Gibson DG, Mvera B, Brent AJ, et al.
A preliminary study of pneumonia etiology among hospitalized children
in Kenya. Clin Infect Dis. 2012;54(suppl_2):5190-9.

Zar HJ, Barnett W, Stadler A, Gardner-Lubbe S, Myer L, Nicol MP. Aetiology
of childhood pneumonia in a well vaccinated South African birth cohort:
a nested case-control study of the Drakenstein Child Health Study. Lancet
Respir Med. 2016;4(6):463-72.

Man WH, van Houten MA, Mérelle ME, Vlieger AM, Chu MLJ, Jansen NJ,

et al. Bacterial and viral respiratory tract microbiota and host character-
istics in children with lower respiratory tract infections: a matched case-
control study. Lancet Respir Med. 2019;7(5):417-26.

Levine B. Peer reviewed: what does the population attributable fraction
mean? Prev Chronic Dis. 2007;4(1).

Bigogo GM, Breiman RF, Feikin DR, Audi AO, Aura B, Cosmas L, et al. Epide-
miology of respiratory syncytial virus infection in rural and urban Kenya. J
Infect Dis. 2013;208(suppl_3):5207-16.

Bénet T, Sylla M, Messaoudi M, Sdnchez Picot V, Telles J-N, Diakite A-A,

et al. Etiology and factors associated with pneumonia in children under
5 years of age in Mali: a prospective case-control study. PLoS ONE.
2015;10(12):e0145447.

Mwananyanda L, Thea DM, Chipeta J, Kwenda G, Mulindwa JM, Mwene-
chanya M, et al. The etiology of pneumonia in Zambian children: findings
from the Pneumonia Etiology Research for Child Health (PERCH) Study.
Pediatr Infect Dis J. 2021;40(9):540.

Tapia MD, Sylla M, Driscoll AJ, Touré A, Kourouma N, Sissoko S, et al. The
etiology of childhood pneumonia in Mali: findings from the Pneumonia
Etiology Research for Child Health (PERCH) study. Pediatr Infect Dis J.
2021,40(9):518.

Moore DP, Baillie VL, Mudau A, Wadula J, Adams T, Mangera S, et al. The
etiology of pneumonia in HIV-uninfected South African children: findings
from the Pneumonia Etiology Research for Child Health (PERCH) study.
Pediatr Infect Dis J. 2021;40(9):559.

Bénet T, Sdnchez Picot V, Messaoudi M, Chou M, Eap T, Wang J, et al.
Microorganisms associated with pneumonia in children< 5 years of age
in developing and emerging countries: the GABRIEL pneumonia multi-
center, prospective, case-control study. Clin Infect Dis. 2017;65(4):604-12.
Malosh RE, Martin ET, Ortiz JR, Monto AS. The risk of lower respiratory
tract infection following influenza virus infection: a systematic and narra-
tive review. Vaccine. 2018;36(1):141-7.

Nair H, Brooks WA, Katz M, Roca A, Berkley JA, Madhi SA, et al.

Global burden of respiratory infections due to seasonal influenza in
young children: a systematic review and meta-analysis. The Lancet.
2011;378(9807):1917-30.

Organization WH. Vaccines against influenza: WHO position paper:
November 2012. Geneva: World Health Organization; 2018.

Woyessa AB, Mengesha M, Belay D, Tayachew A, Ayele W, Beyene B, et al.
Epidemiology of influenza in Ethiopia: findings from influenza sentinel
surveillance and respiratory infection outbreak investigations, 2009-2015.
BMC Infect Dis. 2018;18(1):1-10.

Wu Z, McGoogan JM. Characteristics of and important lessons from the
coronavirus disease 2019 (COVID-19) outbreak in China: summary of a
report of 72 314 cases from the Chinese Center for Disease Control and
Prevention. JAMA. 2020;323(13):1239-42.

Bialek S, Gierke R, Hughes M, McNamara LA, Pilishvili T, Skoff T. Coronavi-
rus disease 2019 in children—United States, February 12-April 2, 2020.
2020.

Parri N, Lenge M, Buonsenso D. Children with Covid-19 in pediatric emer-
gency departments in Italy. N Engl J Med. 2020;383(2):187-90.



Wadilo et al. Virology Journal ~ (2023) 20:163 Page 10 of 10

43. Brodin P. SARS-CoV-2 infections in children: understanding diverse out-
comes. Immunity. 2022.

44, Zimmermann P, Curtis N. Why is COVID-19 less severe in children?

A review of the proposed mechanisms underlying the age-related
difference in severity of SARS-CoV-2 infections. Arch Dis Child.
2021;106(5):429-39.

45. Bhuiyan MU, Snelling T, Sikazwe C, Lang J, Borland M, Martin A, et al.
Nasopharyngeal density of respiratory viruses in childhood pneumonia
in a highly vaccinated setting: findings from a case—control study. BMJ
Open Respir Res. 2020;7(1):e000593.

Publisher’s Note

Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Ready to submit your research? Choose BMC and benefit from:

fast, convenient online submission

thorough peer review by experienced researchers in your field

rapid publication on acceptance

support for research data, including large and complex data types

gold Open Access which fosters wider collaboration and increased citations

maximum visibility for your research: over 100M website views per year

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions . BMC




	Viral etiologies of lower respiratory tract infections in children < 5 years of age in Addis Ababa, Ethiopia: a prospective case–control study
	Abstract 
	Background 
	Methods 
	Results 
	Conclusions 

	Background
	Methods
	Study area and population
	Data collection
	NasoOropharyngeal swab collection
	Laboratory procedures
	Data analysis
	Ethical review

	Result
	Sociodemographic characteristics
	Respiratory viruses associated with LRTIs among children under-five years
	Attributable fraction analysis
	PCR cycle threshold values in cases and controls
	Age-related prevalence of respiratory viruses

	Discussion
	Conclusion
	Anchor 23
	References


