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Abstract

Respiratory syncytial virus (RSV) bronchiolitis is the leading cause of hospitalization in infants
without any effective treatment strategies. Identification of biomarkers associated with disease
severity may be significant in improving management. However, several studies have failed to
identify specific biomarkers for bronchiolitis. Serum secretory acid sphingomyelinase (S-ASM)
activity has been considered a biomarker of cytokine release, inflammation, and oxidative stress in
various diseases. This study aimed to evaluate whether serum S-ASM activity increases and
correlates with disease severity in infants with RSV bronchiolitis. Serum S-ASM activity was
measured in 31 infants with RSV bronchiolitis, 9 infants with RSV-negative febrile infection, and 8
healthy infants. Laboratory data and clinical observational findings were analyzed for correlation
with serum S-ASM activity. Serum S-ASM activity was significantly higher in the 31 infants
with RSV bronchiolitis (9.5+5.4 nmol/mL/h) than individuals in the control groups (RSV-negative
febrile infection patients : 4.3+1.9 nmol/mL/h, p<0.005 ; healthy infants : 4.0+1.4 nmol/mL/h,
$<0.005). Serum S-ASM activity was negatively correlated with interferon-y levels
(rtho=-0.448, p=0.012) but not with any other outcomes. Serum S-ASM activity was signifi-
cantly higher in infants with RSV bronchiolitis than in individuals in the control groups ; however,
its clinical significance requires further investigation.

Keywords : biomarker, bronchiolitis, infant, secretory acid sphingomyelinase, respiratory
syncytial virus

chiolitis is caused by respiratory syncytial virus (RSV),

Introduction . ) . o . .
with fewer cases involving the rhinovirus?. Patients in
Bronchiolitis is the most common cause of lower respi- the acute period of bronchiolitis often require oxygen ad-
ratory infections and one of the major causes of hospital ministration or intensive care. However, no effective
admission in young children”. This condition is pre- treatment has been established other than supportive
dominantly a viral disease, and more than 70% of bron- care”. In addition, various studies have demonstrated
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nisms and identify immune biomarkers that can predict
disease severity, many studies have evaluated immune
biomarker concentrations in the blood of infants with

bronchiolitis® .

In a systematic review of the immune
biomarkers, two dozen of biomarkers showed a signifi-
cant association with disease severity in at least one
study, such as interleukin (IL)-1, IL-4, and IL-8 as posi-
tive correlation, and interferon-y (IFN-v), IL-10, and IL-
18 as negative correlation of the serum levels with dis-

ease severity®. However, comparable studies on such

biomarkers have reported conflicting results®”

, suggest-
ing that no specific immune biomarkers can determine
disease severity in infants with bronchiolitis.

Acid sphingomyelinase (ASM) is a lysosomal enzyme
that plays a crucial role in sphingolipid metabo-
lism. ASM hydrolyzes sphingomyelin, an essential cel-
lular membrane component, into ceramide and facilitates

)

normal membrane turnover®. Ceramide functions as a

second intracellular messenger involved in various cellu-
lar functions ; thus, ASM activation has been reported as
a proactive cellular response in many biological functions

)

and pathological responses in humans®. The sphingo-

myelin phosphodiesterase 1 gene encodes a common
precursor protein called pre-pro-ASM, which is cleaved
into pro-ASM and then processed into two types of
ASM—Tlysosomal ASM (L-ASM) and secretory ASM (S-
ASM). Pro-ASM is processed into ASM through N- and
C-terminal modifications and differential glycosylation in

)

the Golgi apparatus”. L-ASM is transported into lyso-

somes, exposed to the Zn?* cell pool, and then saturated

)

with Zn** as a metallophosphodiesterase”. In contrast,

S-ASM is secreted into the extracellular space where

there is no Zn?* saturation®.

Consequently, while L-
ASM requires no additional Zn?* ions for activation, S-
Thus, S-ASM activity can be

measured in various body fluids, including blood, using an
2+ 10)

ASM requires Zn** ions.
assay buffer containing Zn ASM activation has been
shown to be associated with the extracellular secretion of
ASM, which can be detected through an increase in S-
ASM activity. However, the exact mechanisms of the ex-
tracellular secretion of ASM remain to be elucidated.

In over 20 clinical studies, serum S-ASM activity has
been measured in human diseases, and a significant in-
crease in S-ASM activity was found in various diseases,
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such as heart disease, diabetes mellitus 2, Alzheimer’s
disease, alcohol dependence, and inflammatory diseases,
including sepsis, systemic inflammatory response syn-
drome, hepatitis C, systemic vasculitis, inflammatory re-
nal disease, lymphohistiocytosis, and coronavirus disease
2019 (COVID-19)*V,
increase in S-ASM activity may reflect cytokine release,

These results suggest that the

inflammation, oxidative stress, or vascular endothelium
(which is thought to be an abundant source of S-ASM)
damage”.

In our previous study, serum S-ASM activity was mea-
sured in 50 children with acute common illness who were
divided into five groups based on their clinical
diagnoses : RSV bronchiolitis, adenovirus infection,
streptococcal infection, asthma, and other infections of

unknown origin*?.

Our results showed that serum S-
ASM activity was significantly elevated by more than
two-folds in a group of six patients with RSV bronchiol-
itis compared with that in healthy children and children in
the other four groups. Our previous study preliminarily
suggested an association of ASM activation in infants
with RSV bronchiolitis.

The present study aimed to evaluate serum S-ASM
activity in a cohort of 31 infants with RSV bronchiolitis
and determine the clinical significance of serum S-ASM

activity.

Materials and Methods

Study population

A cohort of 31 infants aged 0-11 months who were di-
agnosed with RSV bronchiolitis were enrolled in this
study. None of patients were born prematurely (at or
before 35 weeks of gestation) or had any history of dis-
eases, including bronchopulmonary dysplasia, hemody-
namically significant congenital heart diseases, neuro-
muscular disorders, immunocompromise, or Down
syndrome. None of the patients had received palivi-
zumab injections before admission. The demographic
characteristics of patients are presented in Table
1. They were admitted to the Akita Kousei Medical
Center between August 2018 and January 2020, and their
diagnosis of RSV infection was made using antigen detec-

tion tests on nasopharyngeal discharges (ImunoAce RSV
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Table 1. The patients’ demographic characteristics in this study.
Acute RSV bronchiolitis RSV-negative infection Healthy control
(n=31) (n=9) (n=8)

Age (months) 3.6+3.0 (0-11) 8.55+2.5 (3-11)** 3.1x2.9 (0-8)
Sex (male) 17 (54.8%) 5 (55.6%) 7 (87.5%)
Gestational age (months) 38.1+1.1 38.4=+1.1 38.1+1.9
Birth weight (g) 2997.1+385.9 3143.0+£349.6 2953.1+401.4
White blood cells (X 10%uL) 95.9+23.2 117.4+42.6 115.7+22.4
C-reactive protein (mg/dL) 0.67+1.06 1.98+1.50% 0.01+0.01%*
aspartate aminotransferase (IU/L) 41.5+13.1 35.7+11.0 36.3+11.5
alanine aminotransferase (IU/L) 23.9+10.1 17.1+£2.6 25.4+13.0
lactic acid dehydrogenase (IU/L) 323.8+50.7 294.1+50.8 342.6+89.6
S-ASM (nmol/mL/h) 9.5+54 4.3+1.9%* 4.0£1.4%*
Interferon-y (pg/mL) 9.2+11.0 14.5+23.4%%* 1.5+0.0%*
Interleukin-18 (pg/mL) 431.3+276.3 260.9+77.5 240.8+137.8

*p<.05 vs. acute RSV bronchiolitis, ** p<.005 vs. acute RSV bronchiolitis, ***p<.05 vs. healthy control

Table 2. Clinical scoring system

Oxygen Saturation®* Respiratory Rate . Accessory Respiratory
Score (%) (breaths/min) Wheezing Muscle Utilization
0 =95 <30 None** None
1 91-95 30-45 Terminal expiration with Presence of mild intercostal in drawing (just
stethoscope only visible), no head bobbing or tracheal tug
2 85-90 46-60 Entire expiration and inspiration =~ Moderate amount of intercostal indrawing,
with stethoscope only no head bobbing or tracheal tug
3 <85 >60 Expiration and inspiration Moderate or marked intercostal indrawing

without stethoscope

with presence of head bobbing or tracheal tug

*Oxygen saturation was measured during 15 min without supplemental oxygen.

**If no wheezing is audible due to minimal air entry, score 3.

Neo, Shizuoka, Japan). The clinical diagnosis of RSV
bronchiolitis was made based on the following criteria :
cough, increased respiratory rate, chest retraction, pro-
longation of expiratory time, sibilant rhonchi, and hyper-

¥ Blood was col-

inflated lungs on chest radiography
lected on admission and serum was stored at <—20°C.
Eight healthy infants and nine hospitalized infants with
RSV-negative febrile infection were included as control
groups in this study. The RSV-negative hospitalized
febrile infants included three patients with diagnoses of
acute bronchitis, two with adenovirus infections, one
with hand-foot-and-mouth disease, one with febrile con-

vulsion, one with mycoplasma infection, and one with oti-

tis media and presented with fever and respiratory
symptoms. RSV-negative infections were confirmed
using an antigen detection test.

Patients with RSV bronchiolitis were scored on a scale
of 0-3 points for each of the four factors—oxygen satura-
tion of peripheral artery, respiratory rate, wheezing, and
accessory respiratory muscle utilization—for a maximum
of 12 points every day during hospitalization. We used a
modified versions of a previously reported scoring sys-
tem detailed in Table 2™,

sessed for age, sex, clinical symptoms, complications,

Medical records were as-

need for oxygen administration, and laboratory data, in-
cluding white blood cell count, platelet count, aspartate
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aminotransferase, alanine aminotransferase, lactate dehy-
drogenase, hemoglobin, and C-reactive protein (CRP)
levels.

Ethical approval was obtained from the Ethics Com-
mittee of Akita Kousei Medical Center and Akita Univer-
Written

informed consent was obtained from the parents or

sity Graduate School of Medicine, Akita, Japan.

guardians of the patients and healthy infants, and the
study was performed in accordance with the Declaration
of Helsinki.

Determination of serum S-ASM activity and
IFN-y and IL-18 levels

Serum S-ASM activity was measured as described
previously and was assayed using a substrate of *C-la-
beled sphingomyelin (PerkinElmer, MA, USA) and a buf-
fer containing Zn®?*, given that S-ASM is Zn?*-depen-
dent'?.
of 100 pL serum, 50 pL assay buffer (1.0 M sodium ace-
tate, pH 5.0) with 4% Triton X-100 at a final concentra-
tion of 1%, and 50 pL of substrate (20 nmol of *C-labeled
sphingomyelin ; 0.08 pCi/20 nmol) in 0.2% taurodeoxy-

A standard 200-pL assay mixture was made up

cholic acid. The assay mixture was incubated at 37°C
for 6 h. The reaction was stopped with 200 uL of ice-
cold 30% trichloroacetate and 400 pL of 2.5% bovine se-
rum albumin. The mixtures were briefly vortexed and
allowed to settle for 5 min before centrifugation (3,000
rpm for 5 min). The supernatant (500 pL) was carefully
transferred to a glass scintillation pre-filled with 4.5 mL
of Clearsol II (Nakalai Tesque, Kyoto, Japan). Radioac-
tivity was measured using a liquid scintillation counter
(LSC 950 ; Aloka, Tokyo, Japan).

Serum INF-vy level was determined using Human IFN
gamma (enzyme-linked immunoassay) ELISA Kit (Ther-
mo Fisher Scientific, Waltham, MA, USA) and the lower
detection level was 1.56 pg/mL. Therefore, the INF-y
level below the detection limit was regarded as 1.5 pg/
mL. Serum IL-18 level was determined using Human IL-
18 ELISA Kit (MBL Inc., Tokyo, Japan) and the lower de-

tection limit was 12.5 pg/mL.

Statistical analysis

Data were analyzed using the IBM SPSS statistics
software package (version 26.0) and the results are pre-
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The Kruskal-Wal-
lis test was used to compare the mean differences be-

sented as mean=standard deviation.
tween the two groups. Spearman’s rank correlation
coefficient was used to examine the correlation between
serum S-ASM activity and clinical study measures. Sta-
tistical significance was set at p<0.05.

Results

The characteristics of patients with RSV bronchiolitis,
patients with RSV-negative febrile infection, and healthy
infants are summarized in Table 1. The age, sex, gesta-
tional age, and birth weight of the healthy infants were

comparable with those of patients with RSV bronchitis.

Serum S-ASM activity and IFN-y and IL-18 lev-
els in acute RSV bronchiolitis (Fig. 1)

The mean serum S-ASM activity was 9.5+ 5.4 nmol/
mL/h in the 31 patients with RSV bronchiolitis, and
whereas it was 4.3%+1.9 and 4.0=1.4 nmol/mL/h in the 9
patients with RSV-negative febrile infection and the 8
healthy infants, respectively. Serum S-ASM activity
was significantly higher in patients with RSV bronchiol-
itis than in patients with RSV-negative febrile infections
(p<0. 005) and healthy infants (» <0.005).

The mean serum INF-vy level was 9.2+11.0 pg/mL in
the 31 patients with RSV bronchiolitis, whereas this level
was 14.5+23.4 and 1.5+0.0 pg/mL in the 9 patients with
RSV-negative febrile infection and 8 healthy infants, re-
spectively, indicating that serum IFN-y levels were sig-
nificantly higher in patients with RSV bronchiolitis
(p<0.005) and patients with RSV-negative febrile infec-
tion (»<0.05) than in healthy infants.

The mean serum IL-18 level was 431.3+276.3 pg/mL
in the 31 patients with RSV bronchiolitis, whereas the 9
patients with RSV-negative febrile infection and 8
healthy infants had levels of 260.9+77.5 and 240.8+137.8
pg/mL, respectively. No significant differences were
noted in IL-18 levels among the three groups of infants.

Relationship between S-ASM activity and clinical
severity score, laboratory findings, and clinical
observatory findings in RSV bronchiolitis

The relationship between S-ASM activity and the clini-
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Fig. 1. S-ASM activity, and IFN-y and IL-18 levels in acute RSV infection.
Serum S-ASM activity (A), IFN-y levels (B), and IL-18 levels (C) are shown for the RSV(+), RSV(—), and control

(Ctl) groups.
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Fig. 2. Serum S-ASM activity and clinical severity score on admission in infants with RSV bronchiolitis.

cal severity score on admission was not significant (Fig. cells counts, CRP level, and IL-18 level were not signifi-
2). Spearman’s rho correlations between S-ASM activi- cant (Table 3) ; however, Spearman’s rho correlation be-
ty and age, sex, clinical severity score on admission, days tween S-ASM activity and IFN-y level (rho=—-0.448,
from the onset of fever, oxygen saturation, demand for $=0.012) was significant (Table 3).

oxygen therapy, duration of administration, administra-

tion of antibiotics, administration of steroids, white blood
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Table 3. Spearman’s rho correlations of S-ASM and clinical and laboratory findings in acute RSV bronchiolitis

Acute RSV bronchiolitis S-ASM activity

n=3l1 p ®)
Age (months) 3.6+3.0 -0.250 (0.175)
Sex (male) 17 0.080 (0.670)
Clinical severity score on admission 3.42+2.00 -0.283 (0.123)
Days from the onset of fever 1.39+2.04 —0.087 (0.642)
Saturation of oxygen (%) 97.1+3.0 0.099 (0.595)
Demand on oxygen therapy 10 —0.054 (0.773)
Duration of admission (days) 4.9+15 0.285 (0.120)
Administration of antibiotics 5 0.250 (0.175)
Administration of steroids 3 -0.073 (0.696)
White blood cells (x 10%uL) 95.4+23.2 0.261 (0.155)
CRP (mg/dL) 0.67+1.06 0.179 (0.336)
INF-y* (pg/mL) 9.2+11.0 —0.448 (0.012)
IL-18 (pg/mL) 431.3+276.3 —0.256 (0.164)

*significant correlation

Discussion

In the present study, serum S-ASM activity in the 31
infants with RSV bronchiolitis was significantly higher
than in individuals in the control groups (8 healthy infants
and 9 patients with RSV-negative febrile infec-
tion). This result confirmed the findings of our previous
study, wherein we found higher serum S-ASM activity in
6 hospitalized infants with RSV bronchiolitis than in 5 pa-
tients with adenovirus infection, 9 patients with strepto-
coccal infection, 6 patients with asthma attacks, and 24

patients with other infections'?®.

The present study
showed elevated levels of serum S-ASM in the infants
with RSV bronchiolitis about 2 times more than those in
the controls, while the previous study showed elevated
levels of serum S-ASM in the patients about 3 times
more than those in controls. Both studies showed sig-
nificant elevations of serum S-ASM in the patients, com-
The results of both these stud-

ies collectively suggest that elevated serum S-ASM

pared with the controls.

activity is a characteristic pathological reaction in infants
with RSV bronchiolitis.
serum S-ASM activity has been shown to be elevated in

During the last two decades,

various human diseases” ; however, to the best of our
knowledge, the present study is the first to confirm that
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elevation of serum S-ASM activity is a characteristic path-
ological reaction in the acute phase of a viral infection.
Only one previous study has described the relationship
between viral infection and elevated serum S-ASM
activity’® ; in this study, patients with chronic hepatitis C
virus infection had significantly higher serum S-ASM ac-
tivity than healthy individuals. Especially in case of
chronic hepatitis C infection, S-ASM activity correlated
significantly with markers of hepatic injury and showed a
high discriminative power. Grammatikos et al. conclud-
ed that chronic hepatitis C virus infection and non-alco-
holic fatty liver disease induce the upregulation of serum
ASM, which appears to be a novel biomarker in hepatopa-
thies.

any liver dysfunction related to hepatic injury, indicating

None of our patients with RSV bronchiolitis had

that elevation of serum S-ASM activity may originate
from a different mechanism compared with that involving
hepatitis C virus infection.

Increased S-ASM activity has been associated with the
enhanced release of the enzyme and enhanced activation
via oxidative stress, inflammation, cytokine release, or
vascular endothelium damage ; therefore, it is regarded
as a biomarker of these conditions”. In addition, S-ASM
has been specifically demonstrated to be a cytokine-re-
sponsive enzyme that increases in activity upon stimula-
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tion with IL-1p or tumor necrosis factor-a (TNF-a)'?. It
is well known that acute bronchiolitis caused by RSV
triggers an inflammatory response through the produc-
tion and release of several proinflammatory cyto-
kines®”. The two most common cytokines are TNF-a
and IFN-y?”,
TNF-a levels in our patients.

In the present study, we did not measure
However, numerous stud-
ies have measured TNF-a and IFN-vy levels in patients
with RSV bronchiolitis, reporting various associations
between these levels and bronchiolitis severity. Thus,
the elevation of S-ASM may originate from a cellular re-
action to the release of various cytokines in RSV bronchi-
olitis.

In this study, two cytokines, IFN-y and IL-18, were
determined in the subjects. The serum levels of IFN-y
were significantly increased in patients with RSV-posi-
tive bronchiolitis and RSV-negative febrile diseases,
compared with the control. However, there was no sig-
nificant difference between RSV-positive and -negative
patients in this study. The serum levels of those cyto-
kines have been reported to be negatively correlated
with disease severity in children less than 24 months
with bronchiolitis®. However, this study did not show
any significant association of the serum levels of those
cytokines and clinical severity in the disease.

In addition, the relationship between S-ASM activity
and laboratory data and clinical findings, including clinical
severity scores, was statistically analyzed in our study,
and no positive correlation was found, with only serum
IFN-y levels being negatively correlated. This negative
correlation of S-ASM with IFN-y could be explained by

some reports???,

Legg et al. examined the type 1 and
type 2 cytokine imbalance in RSV bronchiolitis, suggest-
ing that deficient type 1 immunity response might con-
IFN-vy is

well-known to play a major role in type 1 immune re-

tribute to the aggravation of RSV bronchiolitis.

sponse, and then levels of [IFN-y might be lower in a defi-
If S-ASM is
positively correlated with clinical severity in RSV bron-

cient type 1 infants with RSV infection.

chiolitis, S-ASM activity would be negatively correlated
with IFN-y levels. Further studies of S-ASM activity
are needed to elucidate the original site and mechanism
of ASM secretion in lower respiratory tract infections.
There were limitations to our study. The number of

participants in our study was small and larger-scale stud-
ies are needed to confirm our findings. Furthermore,
some of the infants with RSV bronchiolitis participated in
our study may have been co-infected with other infec-
tions. There were many studies on cytokine fluctua-
tions due to co-infection with RSV, and it would have
been better to deny other infections as well®.

In conclusion, the present study demonstrated that se-
rum S-ASM activity was significantly elevated in infants
with RSV bronchiolitis, suggesting an association be-
tween ASM activation and RSV bronchiolitis. In addi-
tion, serum S-ASM activity is a possible biomarker for
clinical utility ; however, its clinical significance requires

further study.
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