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The emerging role of viral and bacterial co-infection in early

childhood
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The upper airway becomes colonised with niche-specific bacterial communities early in life
to create the respiratory microbiome. This is well established by about 12 months of age,
with the historical concept of a sterile lower respiratory tract being supplanted by evidence
of site-specific bacterial species colonising different levels of the respiratory tract'. Newer
molecular techniques such as 16S ribosomal RNA sequencing have led to an appreciation of
the complexity and dynamic nature of this process. Exposure to bacteria early in life plays a
crucial role in the development of an effective immune response. The “hygiene hypothesis”
proposes that lack of sufficient exposure to diverse microbial species predisposes to the
development of asthma and atopy. The respiratory tract microbiome is most recognised in
the nasopharynx, which is colonised by a variety of bacteria including potentially pathogenic
microorganisms (PPMs) such as Streptococcus pneumoniae, Haemophilus influenzae and
Moxarella catarrhalis. These PPMs generally do not cause clinical disease in the
nasopharynx but when they move from this location, particularly into the lower respiratory

tract they may induce acute respiratory infection (ARI).
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Viral infection, both symptomatic and asymptomatic, is prevalent in childhood and interacts
with the bacteria of the respiratory microbiome. This has been proposed to occur in two
ways: directly, by viral binding to a bacterial cell or utilisation of a bacterial product; or more
commonly, indirectly, where the viral infection increases host susceptibility to bacterial
infection. The most recognised interaction is acute viral infection leading to bacterial
infection of the lower respiratory tract. The influenza A virus (IAV) pandemic of 1918 caused
at least 50 million deaths; a large proportion of which were probably due to complicating
bacterial pneumonia®. An example of indirect interaction, viral neuraminidase exposes
bacterial receptors by cleaving respiratory epithelial sialic acid®. Mallia et al infected a
cohort of patients with COPD with rhinovirus (RV) and found that 60% of this cohort
developed acute bacterial airway infection as determined by bronchoscopy®. In addition, the

respiratory microbiome also influences the severity of viral infection’.

Respiratory syncytial virus (RSV) is a ubiquitous seasonal infection in early childhood with
universal exposure by 3 years of age. Most ARIs are mild or asymptomatic, however RSV
causes approximately 200 000 deaths a year, mainly in developing nations®. RSV infection is
also an important risk factor for the development of asthma, which may occur via
modulation of the developing immune response. Recently it has been proposed that an
interaction between RSV and the microbiome is an important factor in the pathogenesis of

asthma; and this may also represent a therapeutic target’. Similarly, lower respiratory tract
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infection (LRTI) with RV has been associated with later chronic wheeze in children with early

atopy.?

Brealey et al studied the relationship between RSV infection and S. pneumoniae
colonisation®. Sixty young children who presented with symptoms of an acute ARI to an
emergency department, had nasopharyngeal aspirates taken. Quantitative PCR was used to
screen for respiratory viruses and bacterial pathogens. This study found a significant
association between the detection of RSV and S. pneumoniae. Interestingly, convalescent
samples demonstrated significant reductions in the loads of S. pneumoniae, H. influenzae
and M. catarrhalis. Similarly, in a prospective cohort study examining bacterial and viral
nasopharyngeal microbiota, Teo et al demonstrated an association between Moraxella
species and RSV in febrile LRIs. These data add to recently published studies on the entity of
viral and bacterial co-infection in early life ®*°.

The literature describes strong associations between viral infection and the detection of
PPMs in the upper airway. This data is primarily associative and reflects the unique
challenges in studying young children. At this stage, it is not clear if the bacterial findings
from the nasopharynx reflect the lower airways or only represent localised expansion in
unwell individuals’. The work by Brealey et al’ builds on previous studies by showing that
the combination of RSV and S. pneumoniae is associated with more severe ARIs. Further

defining the entity of viral and bacterial infection will require longitudinal studies with

control subjects and ideally imaging/sampling of the lower respiratory tract as well as
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relevant animal models. Candidate antenatal vaccines against viral respiratory pathogens
(such as RSV) are currently in phase Il clinical trials; these may also offer insights as ‘vaccine
probe’ experiments in observing how early immunity may affect microbiome development

in children.

The studies of viral-bacterial co-infection in young children are currently at an early stage.
However, this work may potentially have major implications for the management of young
children with ARIs as the field develops. It may be useful in determining whether hospital
admission is required and direct the appropriate use of antibiotics. Tantalisingly, it may also
be a pathway to understanding factors involved in the development of asthma and new

pathways of immunomodulation.

Paul T King; MBBS, FRACP, PhD" and Jim Buttery; MBBS, FRACP, PhD?

“Monash Lung and Sleep, Monash Medical Centre and Department of Medicine, Monash

University; Melbourne,

’Monash Centre for Health Research Implementation, Department of Epidemiology &

Preventive Medicine, Monash University and Department of Infection and

Immunity, Monash Children’s Hospital; Melbourne, Australia

This article is protected by copyright. All rights reserved.



References

1. Man WH, de Steenhuijsen Piters WA, Bogaert D. The microbiota of the respiratory
tract: gatekeeper to respiratory health. Nat Rev Microbiol. 2017; 15(5): 259-70.

2. Morens DM, Taubenberger JK, Fauci AS. Predominant role of bacterial pneumonia as
a cause of death in pandemic influenza: implications for pandemic influenza preparedness.
J Infect Dis. 2008; 198(7): 962-70.

3. Almand EA, Moore MD, Jaykus LA. Virus-Bacteria Interactions: An Emerging Topic in
Human Infection. Viruses. 2017; 9(3).

4, Mallia P, Footitt J, Sotero R, Jepson A, Contoli M, Trujillo-Torralbo MB, Kebadze T,
Aniscenko J, Oleszkiewicz G, Gray K, Message SD, Ito K, Barnes PJ, Adcock IM, Papi A, Stanciu
LA, Elkin SL, Kon OM, Johnson M, Johnston SL. Rhinovirus infection induces degradation of
antimicrobial peptides and secondary bacterial infection in chronic obstructive pulmonary
disease. Am J Respir Crit Care Med. 2012; 186(11): 1117-24.

5. Brealey JC, Sly PD, Young PR, Chappell KJ. Viral bacterial co-infection of the
respiratory tract during early childhood. FEMS microbiology letters 2015; 362(10): 1-11.

6. Nair H, Nokes DJ, Gessner BD, Dherani M, Madhi SA, Singleton RJ, O'Brien KL, Roca A,
Wright PF, Bruce N, Chandran A, Theodoratou E, Sutanto A, Sedyaningsih ER, Ngama M,

Munywoki PK, Kartasasmita C, Simoes EA, Rudan |, Weber MW, Campbell. Global burden of

This article is protected by copyright. All rights reserved.



acute lower respiratory infections due to respiratory syncytial virus in young children: a
systematic review and meta-analysis. Lancet. 2010; 375(9725): 1545-55.

7. Lynch JP, Sikder MA, Curren BF, Werder RB, Simpson J, Cuiv PO, Dennis PG, Everard
ML, Phipps S. The Influence of the Microbiome on Early-Life Severe Viral Lower Respiratory
Infections and Asthma-Food for Thought? Frontiers Immunol 2017; 8: 156.

8. Teo SM, Mok D, Pham K, Kusel M, Serralha M, Troy N, Holt BJ, Hales BJ, Walker ML,
Hollams E, Bochkov YA, Grindle K, Johnston SL, Gern JE, Sly PD, Holt PG, Holt KE, Inouye M.
The infant nasopharyngeal microbiome impacts severity of lower respiratory infection and
risk of asthma development. Cell Host Microbe 2015; 17(5): 704-15.

9, Brealey JC, Chappell KJ, Galbraith S, , Fantino E, Gaydon J, Tozer S, Young PR, Holt
PG, Sly PD. Streptococcus pneumoniae colonisation of the naspharynx is associated with
increased severity of respiratory syncitial virus infection in young children. Respirology.
2017.DOI: 10.1111/resp.13179

10. O'Grady KF, Grimwood K, Sloots TP, Whiley DM, Acworth JP, Phillips N, Goyal V,
Chang AB. Prevalence, codetection and seasonal distribution of upper airway viruses and
bacteria in children with acute respiratory illnesses with cough as a symptom. Clin Microbiol

Infect. 2016; 22(6): 527-34.

This article is protected by copyright. All rights reserved.



