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B41. In vitro probe assay®JRIE
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nmolmg prot
A I
' 40 Palmitate
30 load
Control 20 ( )
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VLCAD deficiency | Glutaric acidemia type 2
(long chain defect) (broad range defect)
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K5 BETEERTO7TUILAILFDZE (in vitro probe assay)
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AC/C2 ratio
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Immunomodulator Clarithromycin Enhances Mucosal
and Systemic Immune Responses and Reduces
Re-Infection Rate in Pediatric Patients with Influenza
Treated with Antiviral Neuraminidase Inhibitors:
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Abstract

Background/Aims: Treatment with antiviral neuraminidase inhibitors suppresses influenza viral replication and antigen
production, resulting in marked attenuation of mucosal immunity and mild suppression of systemic immunity in mice. This
study investigated the effects of immunomodulator clarithromycin (CAM) supplementation on mucosal and systemic
immunity in pediatric patients with influenza treated with neuraminidase inhibitors.

Methods: A retrospective, non-randomized case series study was conducted among five treatment groups of 195 children
aged 5.9%3.3 years infected with influenza A in 2008/2009 season. The five treatment groups were oseltamivir (OSV),
zanamivir (ZNV), OSV+CAM, ZNV+CAM and untreated groups. Anti-viral secretory IgA (S-IgA) levels in nasal washes and IgG
levels in sera were measured. The re-infection rate was analyzed among the same five treatment groups in the 2009/2010
season.

Results: Treatment of influenza with OSV and ZNV for 5 days attenuated the induction of anti-viral S-lgA in nasal washes
and anti-viral IgG in serum, compared with the untreated group. The combination of CAM plus OSV or ZNV boosted and
restored the production of mucosal S-lgA and systemic IgG. The re-infection rates in the subsequent season were
significantly higher in the OSV and ZNV groups than the untreated, while CAM+0SV and CAM+ZNV tended to reduce such
rate.

Conclusions: CAM restored the attenuated anti-viral mucosal and systemic immunity and reduced the re-infection rate in
the subsequent year in pediatric patients with influenza treated with OSV and ZNV.
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Introduction

Influenza is a worldwide public health problem, particularly
with emerging new strains to which vaccines are ineffective,
o limited, or unavailable. The antiviral neuraminidase inhibitors
" oseltamivir (OSV) and zanamivir (ZNV) are important treatment

options for seasonal influenza infections [1,2], and are being
stockpiled in many countries as part of their pandemic response

PLOS ONE | www.plosone.org

planning. These inhibitors impair the release of new influenza
virions {rom infected cells by blocking the actions of viral
neuraminidases [2], resulting in effective suppression of viral
RNA replication and viral antigen production. In contrast to the
therapeutic effects of OSV, we reported recently that OSV
significantly suppressed the production of mucosal antigen (Ag)-
specific secretory IgA (S-IgA) antibody and Ag-specific IgA-
forming cells in the iouse airway, probably due to the suppressed

July 2013 | Volume 8 | Issue 7 | e70060



viral antigen production, but it did not seriously suppress the
production of systemic anti-viral IgG and IgG-forming cells in the
spleen [3].

In order to prevent complications and aggravation of the flu
symptoms, it is not uncommon, in Japan, to prescribe clarithro-
mycin (CAM) developed by modification of erythromycin [4], an
immunomodulator  macrolide antibiotic [5-8] with antiviral
activities [9,10], in . combination with OSV or ZNV. In this
regard, we previously reported that administration of CAM in
influenza A virus (IAV)-infected mice suppressed tumor necrosis

factor alpha production and augmented interleukin-12 production

in the blood [11,12], resulting in alleviation of the flu symptoms,

while oral treatment with OSV attennated the induction of

respiratory anti-IAV specific secretory IgA (S-IgA) immune
responses [3]. Furthermore, we have verified in IAV-infected

children that oral CAM augments the nasopharyngeal mucosal

immune responses, while OSV suppresses the production of
mucosal anti-IAV S-IgA [13]. Of interest, we have also reported
that 75% of patients treated with the combination of CAM and
OSV show increases in S-IgA production to levels similar to those

seen in patients treated with CAM alone and untreated patients..

In addition, we recently determined the molecular mechanisms
responsible for the enhanced induction of mucosal IgA class
switching recombination in CAM-treated mice [14]. The obtained
data indicated that CAM significantly enhances the expression
levels of B-cell-activating factor of the tumor necrosis factor family
(BAFT) molecule on mucosal dendritic cells as well as those of

- activation-induced cytidine deaminase and Ipt-Cot transcripts on B
cells [14]. The results indicated that CAM enhances S-IgA
production through the induction of IgA class switching recom-
bination in IAV-infected mice.

" In previous clinical studies [13] on the immunomodulatory and

boost effects of CAM on the nasopharyngeal mucosal immune
response in pediatric patients with influenza treated with OSV,
" several questions remain to be answered: (i) Do antiviral
neuraminidase inhibitors other than OSV, such as ZNV, an
orally inhaled powder, also suppress the adaptive respiratory S-
IgA response? (i) Do the antiviral neuraminidase inhibitors also
affect serum IgG responses in pediatric influenza? (i) Do antiviral
neuraminidase inhibitors, with and without CAM, affect the rate
of future influenza virus re-infection? The present retrospective
and non-randomized case series study was conducted to provide

answers to these questions in 193 children infected with AV, We |

report here that treatment with ZNV suppressed airway mucosal
immunity and systemic immunity in pediatric influenza in- a
manner similar to OSV. The addition of CAM induced a mild
boost and tended to restore the suppressed mucosal anti-viral S-
IgA response in the OSV- and ZNV-treated patients, and also
hoosted serum IgG response, with a significant improvement in
anti-IAV-specific IgG production in the ZNV-treated group. In
addition, CAM tended to decrease, albeit insignificantly, the.re-
infection frequency in the OSV- and ZNV-treated groups.

Me‘thods

Ethics Statement

After explanation of the purpose of this clinical study, written
informed consent was obtained from each parent of pediatric
patients for enrollment in the study and for the use of stored

nasopharyngeal aspirates and blood for quantitative analyses of

anti-IAV antibodies. Permission to perform clinical studies and

ethical approval of the study protocol were granted by the Ethics '

Committee of Tokushima University Hospital (Permit Number,
#463). The study was conducted under the supervision of the
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pediatricians involved (MA, NH, YT, 88, KS, TY, KN, MM, MI,
YY and $8), and parents were advised of risks, benefits and the
right to withdraw their children from further involvement in the
study at any point without repercussions. All data, particularly
patient identification data, were phy: sxmﬂy and electronically
secured throughout the study. i

Study population

The study subjects were 193 children (age, 3.9%3.3 years,
mean*SD, range, 0-14 years), who were infected with IAV
between October 2008 through March 2009 in 11 Pediatric
Clinics and Children’s Hospitals in the mid-west region of Japan.
A descriptive survey study on re-infection was conducted for the
same children from October through March of 2009/2010. The

" inclusion criteria were the followings: patients who presented to-

the Pediatxic Clinics and Children’s Hospitals and diagnosed. with
the rapid diagnosis Espline Influenza A&B-N kit (Fujirebio Inc.,
Tokyo, Japan) and whose treatment was initiated within 48 hours
of the onset of fever. Patients with congenital defects and those
with co-morbid chronic diseases were excluded. Since the number
of Japanese infected with influenza B in the 2008/2009 season was
not large [13], and the antigen of influenza B/Victoria lineage
prevailing in the season was not commercially available for the
analysis of antibody titers, statistical analysis was Conducted only
on data of patients who presented with IAV.

Treatment regimens

Patients diagnosed with IAV infection were divided into five
groups according to the prescription of each pediatrician involved:
the no-treatment group (n=68), the OSV group (70 patients
treated orally twice daily with OSV at 2 mg/kg body weight for 5
days), OSV+CAM group (20 patients treated orally twice daily
with OSV at 2 mg/kg body weight for 5 days plus oral CAM at
5.0-7.5 mg/kg body weight for 5 days), the ZNV group- (27
patients older than 4 years treated twice daily with orally inhaled
ZNV powder at 10 mg for 5 days) and ZNV+CAM group (10
patients ‘treated twice daily with orally inhaled ZNV powder at
10 mg for 3 days plus oral CAM at 5.0-7.5 mg/kg body weight
for 5 days). There were no outbreaks of Mycoplasma or Chlamydia at
the time of the study. All patients were followed for 5 days.

Collection of biological samples

All children suspected clinically to have influenza underwent,
both nasopharyngeal aspiration and serum collection. Nasopha-
ryngeal aspiration was conducted on each nostril for 1 minute,
through a silicon tube, and the aspirate collected in a centrifuge
wbe connected to an evacuator, as described previously [16,17].

- The isolated specimens were immediately cooled on ice, homog-

enized by senification for 20 seconds on ice, in a model 250, 20%
duty, 2-cycle Souiﬁei@ (Branson Ultrasonics Co., Danbury, CT),
and the insoluble materials were removed by centrifugation at
2000x g for 5 minutes at 4°C.. The supernatants of nasopharyn-
geal specimens and serum were stored at —30°C until use.

Enzyme-linked immunosorbent assay (ELISA)

The concentrations of total IgA, IgG and anti-IAV-specific S-
IgA in nasopharyngeal specimens and anti-IAV-specific IgG in
sera were measured by ELISA, as described previbusly [13,17].
For measurement of anti-IAV-specific antibody, the prevalent IAV
strains were selected as coating ELISA antigens: In the 2008/2009
flu season before May 2009, IAV/Brishane/59/2007(H1N1)-like
and IAV/Uruguay/716/2007(H3N2)-like subtypes were prevalent
in Japan [15]. Since the affinity purified human anti-IAV-specific
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