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Nasopharyngeal Microbiome in Respiratory Syncytial
Virus Resembles Profile Associated with Increased
Childhood Asthma Risk

To the Editor:

Early-life acute respiratory infection (ARI) with respiratory syncytial
virus (RSV) has been strongly associated with the development
of childhood asthma (1), but the pathways underlying this
association are poorly understood. We hypothesized that RSV
alters the infant nasopharyngeal microbiome in a way that may
help explain how RSV contributes to asthma development (1, 2).
As a first step to address this question, we characterized the
nasopharyngeal microbiome of healthy and RSV-infected infants
using bacterial 16S ribosomal RNA (rRNA) gene sequencing.

We compared the nasopharyngeal microbiome of 33 infants
assessed during a well-child visit with that of 99 infants assessed
during confirmed RSV ARI. These 132 infants were enrolled as part of
a large (N =1,952) prospective cohort of previously healthy infants
recruited near birth and with routine respiratory illness surveillance
during their first winter season (3). Eligible infants were born
between June and December, so they were on average <6 months of
age during their first winter viral season. Thus, an RSV infection
during this time likely represents their first exposure to this virus.
The Institutional Review Board of Vanderbilt University approved
this study, and parents provided informed consent.

Supported by National Institutes of Health grants U19A1095227,
K24AI77930, U54RR24975, and U19AI110819 and contract number
HHSN272200900007C.
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data analysis, and manuscript writing.
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The nasopharyngeal microbiome was sampled using a dry filter
paper in healthy infants and a nasal wash in infants with RSV, as
previously described (3, 4). The diagnosis of RSV was made by
reverse transcriptase—polymerase chain reaction. We have also
previously reported the methods used to characterize the
nasopharyngeal microbiome (4). In brief, after cell lysis and
extraction of the microbial genomic DNA from the samples, the
V1-V3 region of 16S rRNA was amplified using 27F/534R primers
and pyrosequencing was performed on a 454 sequencer. A mothur-
based automated annotation pipeline, YAP, was used to perform
initial processing of the 16S rRNA datasets (5). Operational
taxonomic units (OTUs) were clustered at 97% sequence identity.
After quality filtering, 1,231,758 reads were retained (range,
424-20,987 reads per sample). For statistical analyses, only samples
with sequence counts of more than 2,000 sequences per sample
were retained, and these were rarified to 2,047 sequences. Statistical
analyses were done with MGSAT, using R (6).

The median age for healthy infants and for those with RSV was
5 (interquartile range, 2-9) and 22 (interquartile range, 13-27)
weeks, respectively (P =0.001). There were no other significant
differences between groups in sex, race or ethnicity, gestational age,
birth weight, mode of delivery, exposure to antibiotics in utero or
after birth, breastfeeding, maternal smoking, maternal asthma, or
type of insurance (data not shown).

The most abundant genera in samples collected among healthy
infants included Streptococcus, Corynebacterium, Staphylococcus, and
Dolosigranulum, whereas the most abundant genera during acute
RSV infection were Streptococcus, Moraxella, Corynebacterium,
and Haemophilus (Figure 1). Other than Dolosigranulum (base
mean = 456.7; log, fold change = —0.9321; g-value = 0.36), the
abundance of these dominant genera was significantly different
between healthy infants and those with RSV (Figure 2). Staphylococcus
(base mean = 265.1; log, fold change = —2.48; g-value = 2.14 X 1073
and Corynebacterium (base mean = 1,694; log, fold change = —2.31;
g-value = 1.39 X 10™?) abundance was higher in healthy infants. In
contrast, Haemophilus (base mean = 1,384; log, fold change = 8.83;
g-value = 1.96 X 10~ %), Moraxella (base mean = 2,075; log, fold
change = 4.77; g-value = 4.55 X 10””), and Streptococcus (base
mean = 2,991; log, fold change = 2.04; g-value = 7.15 X 10°)
abundances were higher during RSV infection.

The taxonomic composition of the nasopharyngeal
microbiome also differed between health and RSV at both the genus
(P <0.001; R*=0.08) and the OTU (P < 0.001; R* = 0.05) level
when using the Bray-Curtis dissimilarity index. In addition, there
was a significant decrease in richness at both the genus and OTU
levels during RSV, using the abundance-based estimates Chaol,
observed species counts, and inverted Shannon index Hill number
N, when applying a linear model (P < 0.05 for all estimates).

To control for the potential confounding effect of age, we
further compared a subset of healthy infants (n = 21) who overlapped
in age with children with acute RSV infection (n = 37) by restricting
the analysis to infants between 3 and 20 weeks of age. The median
age for these healthy infants and for those with RSV was 9
(interquartile range, 6-14) and 10 (interquartile range, 8-13) weeks,
respectively (P =0.7032). In this exploratory analysis, we found
similar results to our main analysis in the larger dataset with regard
to the differences in genus abundance and richness. The nasal
microbiome significantly differed by the Bray-Curtis index at both
the genus and OTU levels, and richness remained significantly lower
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Figure 1. Nasopharyngeal microbiome composition of healthy infants (left) and infants during acute respiratory syncytial virus infection (RSV; right).
Stacked bar graph showing genus-level taxonomic composition for each individual nasopharyngeal sample, expressed as a proportion of reads of infants
in each group. All samples are shown in this figure, regardless of sequence count. The relative abundance of the six most prevalent genera is shown; all
other genera are not shown in this figure. Within each grouping, samples are sorted by predominant genera within that sample. Infants with acute RSV
infection had a nasopharyngeal microbiome dominated by Streptococcus, Haemophilus, or Moraxella, whereas Haemophilus and Moraxella were

observed at very low frequencies in healthy infants.

during acute RSV infection (P < 0.05 for all estimates). Furthermore,
Moraxella, Haemophilus, and Streptococcus remained higher during
acute RSV infection, whereas Staphylococcus and Corynebacterium
remained lower during this illness (data not shown). These findings
suggest that the nasopharyngeal microbiome changes we observed
are not a result of the age difference between groups.

This study adds to the small but increasing literature on the
association of early-life ARIs and the nasopharyngeal microbiome in
children. To our knowledge, this is the first study to directly compare
the nasal microbiome of healthy infants with the nasal microbiome
during acute RSV infection in early life, using bacterial 16S rRNA
gene sequencing. Prior studies using conventional culture
techniques have also shown an increase in Haemophilus, Moraxella,
and/or Streptococcus in the nasopharynx of infants with RSV when
compared with healthy controls (7, 8). More recently, another
study using 16S rRNA profiling in infants at high risk for atopy also
found that these bacteria were more frequent in infants with
ARIs, even after adjusting for viral detection (9). In another study
using 16S rRNA sequencing, Moraxella-dominated profiles in
infancy were associated with a lower rate of parental report of
ARIs; however, most of these were upper ARIs, and viral detection

Correspondence

was not done (10), which may explain the discrepant findings.
Furthermore, there were several Moraxella OTUs noted in this
study, and RSV could have distinct effects on different species
within this genus. Taken together, these studies provide evidence
for physiologic linkage between respiratory viruses and
compositional shifts in the nasopharyngeal microbiome.

Interestingly, the predominant genera found in infants with
RSV have been previously associated with an increased risk for
childhood asthma (2). Thus, RSV may in part increase the risk
for asthma through alterations in the composition of the
nasopharyngeal microbiome.

One limitation to our findings is that the methods to collect
the nasal samples were different between the two groups. We have
recently shown that nasal dry filter papers, similar to nasal washes,
can capture a wide variety of expected nasopharyngeal taxa (4);
however, it is possible that certain bacterial genera could be
under- or overrepresented by one of these methods when
compared with the other. In addition, the region sampled by
nasal filters is likely to be more proximal than that sampled by
nasal washes. Thus, our findings merit replication in larger
longitudinal cohorts. It is also possible that the microbial changes
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associated with acute RSV infection are not exclusive to this
respiratory virus but are a result of the local effects of viral
ARIs in general; however, limited evidence suggests that
compositional shifts in the airway microbiome during childhood
ARIs are virus specific (11). In spite of these limitations, our
study lays the groundwork for future studies to examine the
interactions among RSV infection, the infant’s nasopharyngeal
microbiome, and how RSV may contribute to the development of
childhood asthma.
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Tempering Sepsis-induced Hyperbilirubinemia:
Implications for Short- and Long-Term Outcomes

To the Editor:

We read with enthusiasm the recent study by Nesseler and
colleagues regarding liver dysfunction associated with long-term
mortality in septic shock (1).

Using a cohort from the PROWESS-SHOCK (Prospective
Recombinant Human Activated Protein C Worldwide Evaluation in
Severe Sepsis and Septic Shock) study, the authors identified a strong
relationship between the occurrence or worsening of liver
dysfunction in septic shock as measured by a Sequential Organ
Failure Assessment (SOFA) liver score greater than 0 and mortality
(1). We agree with the authors” premise that a low SOFA liver
injury score (hypothesizing a low-grade injury) can be associated
with major effects. We would like to emphasize implications for
short-term outcomes, but we would also encourage caution in
linking sepsis-induced hyperbilirubinemia to poor long-term
outcomes.

Short-term outcomes related to hyperbilirubinemia seem clear
and are supported by additional studies (2-4). In fact, sepsis-
induced hyperbilirubinemia is most commonly due to cholestasis,
implicating a cytokine- and lipopolysaccharide-mediated decrease
in basolateral and canalicular transport (5). Zhai and colleagues
demonstrated that an admission bilirubin of greater than 2 mg/dl
was independently associated with the development of acute

Correspondence

respiratory distress syndrome (5). In patients in the surgical
intensive care unit, Field and colleagues described a threefold
risk for infection with elevated bilirubin (2). Our group
demonstrated that a serum bilirubin greater than 1 mg/dl in severe
sepsis was associated with an increased risk for mortality (odds
ratio, 3.85; 95% confidence interval [CI], 1.21-12.2), increased
length of stay in the intensive care unit (odds ratio, 1.55; 95% CI,
1.20-2.03), increased duration of mechanical ventilation (2.39-fold;
95% CI, 1.38-4.14), and increased duration of vasopressor use
(1.2-fold; 95% CI, 1.04-1.33) (4). Implications for short-term
management include early sepsis recognition, early resuscitation,
and early eradication of infectious foci to mitigate downstream
organ injury (6).

Implications for long-term outcome are not as clear and
may be related to methodologic problems. First, even though
SOFA liver scores were evaluated daily from baseline to Days 7,
14, and 28, the authors do not provide delta SOFA liver score
(or bilirubin levels) at 28, 90, or 180 days. Temporal changes
in SOFA score and/or bilirubin could provide support to
associate biologic plausibility (e.g., induction of chronic liver
dysfunction) for the increased mortality risk. Second, a composite
severity of illness score, such as total SOFA and/or Acute
Physiology and Chronic Health Evaluation II, was not reported.
The independent association of hyperbilirubinemia and mortality
should adjust for severity of illness; otherwise, bilirubin may
simply be a covariate.
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